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PREFACE. 


Tins work was originally intended at a text-book., for the use of the 
Chemical Students in the Royal Institution, but the reception of the 
first etlition by the Public, its translation into French, German, and 
Italian, and its re-publication in America, induced me to improve 
and enlarge it, and to endeavour to render it more worthy of such 
marks of approbation. 

The present Edition differs materially from its predecessors in 
all respects, except the general arrangement of its contents ; this I 
have retained as in the original, under the coirviction that it answers 
the purposes of the student: I have, in fact, re-written the present 
volume; for the progress of Chemical Philosophy since the first 
ap^iearance of this work has been sucb, as to give a new character to 
some of its leading departments, and more or less to influence the 
theoretical as well as the practical details of almost all its branches. 
To this progress, the researches of my friend and colleague Professor 
Faraday have pre-eminently contributed: his discoveries in Elec- 
tricity have so modified and extended the chemical bearings of that 
extraordinary jiowcr of matter, as to vie in importance with those of 
his great predecessor in the same schotd ; while the skill with which 
he has traced out their connexion with physical phenomena, has gone 
far to withdraw some of the barriers between Chemical and Physical 
Science. , 

Organic Chemistry has also of late years assumed a new and 
striking asjxxit : the Atomic Theory has proved a jwwerful enjfine 
in removing many of the difficulties which encumbered its study ; 
and the skilful activity with which its experimental details have been 
pursued by some of the ablest Chemists of Germany and France, 
has not only already been rewarded with a full measure of interesting 
discovery, but has opened new and extended views to future 
inquirers. 

These have been the principal sources of the recent changes in 
the asjicct of Chemical Science ; and whilst they have greatly con- 
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tributed to its existing interest and importance, they present a 
promising picture of its future resources. 

I have endeavoured in this volume, to place before the reader a 
faithful outline of the present state of Chemistry, adapted chiefly 
for the instruction of the beginner, and for the use of the Student 
in this delightful branch of experimental Science: writing therefore 
for the uninitiated, and for the learner, much has been sacrificed to 
perspicuity, and to simplicity of detail. I must at the same time 
observe, that Chemistry is not what it w^as; that with whatever 
intention the pupil enters upon its study, it will require labour and 
thought to become usefully acquainted even with its elementary 
details ; and that to reap advantages from its applications either to 
the purposes of the multitudinous Arts which arc de}xnident u{x)n it, 
or, to the extension of the Sciences which are leagued w^ith it, will 
perhaps demand more ^ime and study than lie is aware of. I believe, 
that the depths of Chemistry are, with the aids which it now enjoys, 
more easily fathomed than those of most other branches of Physical 
Science, and am certain that it is admirably calculated to awaken 
and to gratify curiosity in regard to the phenomena lioth of Nature 
and of Art ; but it is not now, as formerly, the bare history “ of the 
effects of heat and mixture;’' those who enter seriously upon its study 
must be prepared for some intellectual exertion and mental labour : 
they w'ill then find that its connexion with other Sciences, with the 
arts of life, and the phenomena of nature, is such, as to render it at 
once useful and popular, and an essential in the range of a liberal 
education. 

But, though chiefly addressed to the Student, I am not without 
hope that this Manual will be approved by the practical and exjieri- 
mental Chemist, especially by the Teacher of the Science : to such 
I have endeavoured to recommend it by copious references to autho- 
ritiA and by abstracts of practical directions. Should it in these 
respects prove a work of reference worthy of his occasional consul- 
tation, another object will lie answered. 

In consequence of the popular applications of Chemistry, and its 
extensive connexion with the useful and ornamental Arts, and with 
the Sciences at large, the general reader find.s it often forced upon 
him ; its terms are of frequent occurrence, and its language is in 
daily use : I have, therefore, added to this work, a more than usually 
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copfCius index, intended in some measure to supersede the use of a 
Chemical Dictionary: I am indebted for it to Mr. Thomas Griffiths, 
of the Chemical School of Saint Bartholomew's Hospital, who has 
shown equal diligence, and knowl^ge of the subject, in its 
compilation. 

In conclusion, I have to observe that the note-books oY my 
Lectures have served as the foundation of the present volume, and 
tliat these include a miscellaneous collection of original and borrowed 
information : although, therefore, I have endeavoured, as far as pos- 
sible, to refer to authorities, and to cite the sources of my statements, 
.1 fear, that I may often have unintentionally omitted such acknow- 
ledgments. The systematic and elementary works which I have 
principally consulted, are those of Dr. William Henry, Dr. Thomas 
Thomson, and Dr. Edward Turner; and of Berzelius, Dumas, 
Grnelin, Mitscherlich, and Thenard; and the Dictionaries of 
Messrs. Aikin and Dr. Ure; together with the Transactions of the 
Royal Society and the English and Foreign Journals: among the 
latter, the Annnles de Chiniie et Physique^ edited by Messrs. Gay- 
Lussac and Arago, and PoggendorfTs Journnl^ are especially rich 
in original Chemical information. For the minute details of Mani- 
pulation, Professor Faraday's work, expressly U}X)n that subject, 
must be constantly consulted. 

In the preliminary remarks to tlie chapter on the simple sub- 
stances, are explained the principles of the Notation and Symbols 
which I have found it convenient to adopt, and my reasons for 
deviating upon these p>ints, from the high and accepted authority 
of Berzelius. 

It must be the anxious ivish of all who are conversant with our 
Science, that an uniform system of Symbols, Notation, and Equi- 
valents, should be agreed upon and adhered to, and it is to be hefted 
that the British and Foreign Scientific Associations will seriously 
direct their exertions towards the attainment of so important an 
object. 

The general method which I have adopted of representing the 
Atomic, Equivalent, and Percentage composition of bodies, is that 
employed by lAH)poId Grnelin in his excellent Handbuch der Theo- 
retischen Chernie; it saves repetition, and brings much information 
before the eye of the Student in a clear but condensed form : I 
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insert the following statement of the comjwsition of Nitrons Oxhle 


as an explanatory specimen of one of these tables, in its most general 


and extended form. 
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I, 

11. 

III. 

IV. 

v 

VI. 

VII. 

VIII. 

IX. 

X. 


A. 

E. 

Pr. Cent. 

Davy. 

Berzelius. 

llitIKins. Vols. 

Sp. Or 

100 C.I. 

Nitrogen . 

1 

. 14 

. 63.6 . 

63.3 

. 62.5 . 

60 . 

. 1.0 . 

0.97 . 

30.16 

Oxygtjn 

1 

. n 

. 36.4 . 

36.7 

. 37.5 

. 40 

. 0.5 . 

0.55 . 

17.05 

Nitrous oxide 

1 

22 

100.0 

lOO.O 

190.0 

100 

1. 

1.52 

47.21 


The first column (I.) contains the com|x>nent parts of nitrons 
oxide; (II.) shows that 1 atom of nitrous oxide is composed of 1 atom 
of nitmgen and 1 of oxygen; (III.) shows the equivalent weight of 
an atom of nitrogen = 14 and an atom of oxygen = 8, producing an 
atom of nitrous oxide = 22; (IV.) shows the composition p(T vent, 
calculated from the theoretical equivalents; (V.) (VI.) and (VII.) 
show the experimental results of the analyses of Davy, Ilerzeliiis, 
and Higgins, and enable us to compare them with the calculatcil or 
theoretical composition; (VHI.) shows that 1 volume of nitrogen 
and half a volume of oxygen, constitute 1 volume of nitrous oxide ; 
(IX.) shows, that the specific gravity «)f nitrogen being 0.97 
half the specific gravity of oxygen being 0.55, the specific gravity of 
nitrous oxide will be 0.97 + 0.55=1.52; (X.) shows that the weight 
of 100 cubic inches of nitrogen being 30.1(5 grs., and of 50 cubic 
inches oxygen being 17-05 grs., the weight of 100 cubic inches of 
nitrous oxide will be 47-21 grs. 


I AM only aware of one serious erralinn which has escaped my obser- 
vation in correcting the proof-sheets of this volume for the press: it 
ocecTS in the note to page 404. I liave there inadvertently taken tht* 
rule for estimating the volume of any portion of gas at any observed 
temperature, if, brought to any other temperature, from Dr. Henry's 
Elements of Chemisinp which involves a very material error ; the student 
is therefore requested to substitute the following paragraphs for those 
similarly numbered in the note. 

ii. To estimate what would he the volume of a portion of gas 
if brought to the temperature of fiO^ Fahrenheit. Ad<l to 480 tlie 
number of degrees above 32°, at which tlie observation lias been 
made; which, us ga.se8 expand volume al 32°, for. 
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ever/ degree, will indicate that portion of their bulk which is to 
be considered as the increase or diminution for every degree of change 
at thdt temperature. Divide the observed volume by this sum, and 
lliultiply the quotient ])y the number of degrees between the observed 
temperature, and the temperature to which the gas is to be corrected, 
which will indicate the whole expansion or contraction. Suhtnact this, if 
the observed be above the correct temperature ; or add it, if the former be 
below the latter. 

Thus, to find what space 100 cubic inches of gas at 50^ would 
occupy if raised to 00 ; the difference between 50°, the observed tempe- 
rature, and 32°, is 18, which added to 480 = 498 ; the 100 cubic inches 
divided by 498 gives 0.2 cubic inches as the whole expansion for each 
degree ; and this, multiplied by 10, the difference between 50° and 00, 
gives 2.0 cubic inclics as the whole expansion ; which added to 100 
cubic inches, gives 102. as the volume which would be occupied by the 
gas at 00°. 

If the temperature had been 70 , and we had wished to know the 
volume which the gas w'ould have occupied at 00°, then 70 — 32 = 38 ; 
and 480 + 38=518; and dividing 100 cubic inches by this, w^e obtain 
0.193 cubic inches, as the expansion per degree at 70°; and this multi- 
pli(;d by 10, the difference between 70° and 00 = 1.93 cubic inches, the 
whole expansion, which deducted from 100 makes 98.07, the volume of 
the corrected gas. 

Paragraphs iii., iv., v., vi., may now' easily be corrected by substituting 
these correct volumes for the incorrect, which they involve. 

In some copies, the symbol J) occurs, at page 555 and page 550, 
instead of pO, but the error w ill be sufliciently evident from the context. 


The various chanical apparatus and implements of the laboratory which 
re mentioned or described in this worh\ may be obtained of Mr, Nenmian, 
1 22, Regent-Street , 
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CHEMICAL PHILOSOP 


§ I. 

Chemistry is that branch of natural knowledge whicn teaclil 
properties of the elementary substances^ and of their mutual combinations; 
it inquires into the laws which aftect, and into the powders ivhich preside 
over their union; it examines the proportions in which they combine, 
and the modes of separating tiiem when combined ; and endeavours to 
apply such knowledge to the explication of natural phenomena, and to 
useful purposes in the arts of life 

Chemistry cannot be said to have existed, as a science, previous to the 
commencement of the seventeenth century; for although we find, in the 
writings of tlic earlier chemists, many curious and important facts and 
disrovcrics, these remained useless and unapplied, so long as the minds 
of men were exclusively directed to the trasmutation of the metals, the 
composition of an universal elixir, and the production of the Alcahest^ or 
general solvent. Although, therefore, it may often be amusing, and 
sometimes profitable, to revert to the crude speculations and waking 
dreams of the voluminous writers upon these subjects, who were eminent 
in the fourteenth and two successive centuries, the time of the student 
will be more usefully occupied in tracing the labours of those who, 
discarding visionary hypotheses, proceeded to the investigation of truth; 


• Definitions of Chemistry , — “ La Chy- 
inie est iiii art (pii cnseigiie h separcr les 
diflVrciitos substances qui se reiicontront 
dans un inixte.” (L’Emery, Cours de 
Chymie.) 

“ Chemistry is tliat science which ex- 
amines the constituent parts of bodies, 
with reference to their nature, propor- 
tions, and method of combination.** 
(Aorgman, Essay on the Usefulness of 
Chemistry.) 

“ Chemistry is the study of the effects 
of heat and mixtiiro, with a view of dis- 
covering their general and subordinate 
laws, and of improving the useful arts.*’ 
(Black, Lectures.) 

“ La Chimic est une science qui ap- 
prend k connaitre Taction intiiuc ot rdci- 
proque de tons les corps dc la nature, les 
uns sur les autres. Par les mots action 
intimcy et reciproque, cette science est 
distingude de la physique expdrinientale, 
qui nc considkrc que les propridtds ex- 
tdrieurcs des corps douds d*iin volume, 


et d’une masse qu*on peut mesurer, tandis 
que la Chimie no s'attache qu'aux pro- 
pridtds interieures, et n’agit que sur des 
moldculcs, dont le volume et la masse 
nc peuveut pas etre soumis aux incsurcs 
et aux calculs.” (Fourcroy, Systime des 
Connoissance Chimiyues, vol. i., p. 4.) 

** Die Chemie ist eiue Wisseiichaft die 
tins die weclisolseitige wirkungen der 
einfachem Stoffe in der Xatur, die 2u- 
sainmensetzung der korper aus iltren und 
nach ihren verscliiedeiicu verhaltnissen, 
und die Art und Weise kenneii lehrt, 
sie zu trenncii, oder sie wieder zu ncuen 
Korperarten zu verbinden.” (Gren. 
Sys/ematisches handbuch der ChemUy p. 1. 
llallc, 1794.) 

** Chemist^’ Is that science which treats 
of those events or changes in natural 
bodies, ivhich are not accompanied by 
sensible motions.” (Thomson, System 
of Chemistryy fifth edition, p. 2.) 

Most of the substances belonging to 
our Globe are constantly undergoing 

B 
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and who Avcrc led on, not by the vague glimmering of speculative notions, 
but by the steady daylight of real philosophy*. 

It is, I think, among our own countrymen that wt discover the fathers 
of chemical philosophy: for Bacon, Boyle, Hooke, Mayow, and Newton, 
present unequivocal claims to that distinctive title. As induction from 
experiment is exclusively the basis of chemical science, little j)rogress 
could be made in it till the futility of the ancient philosophical systems 
had been shown, and their influenco annihilated; till the true end of 
science was rightly defined, and the road to it rendered straight and 
passable ; till the necessity of well-digested expei inieiit had been esta- 
blished, which “ first i)rooiires the light, then shows the way by its 
means.” 

It may seem trite to quote Lord Bacon; hut, as experience is constantly 
shon’ing the neglect of the invaluahle doctrines ineulcateil in his works. 


alterations in sensible qualities, and one 
variety of matter becomes, as it were, 
ti'ansmiited into aiiotlier. Suoli eliaiiges, 
whether natural or artificial, whetluT 
slowly or rapidly piMdbi ined. are cfilled 
chemical; thus tlio gradual ami dliiK»t 
imperceptible decay of the b‘aves and 
branches t)f a fiilK'ii tree exposed to tin* 
atmospliere, and the rapid combustion 
of wood in our fires, are botli chemioal 
operations. 

“The object of chemi<*al pliiles<»p]iy is 
to ascertain the causes of all j)henomena 
of this kind, and to discin ei' the laws by 
wliich they are goverii«*<l.” (l^i' v, 
Elements of Chemioil Philmttphy^ p. 1.) 

In the latest editions of .lolinsonV • 
Dictionary^ the eiToneous and antiquated | 
definition of Boerhaave is very impro- 
perly retained. “ An art whereby sen- 
sible Ixidies, contained in vessels, or 
capable of being contained tlierein, are 
80 changeil by means of certain instni- 
ments, and principally fire, that their 
several powers and virtues are thereby 
discovered, with a view to philosiipliy or 
medicine.” 

I’lie derivation of the word Chemistry 
can scarcely iHi said to have been ascer- 
tained. The most jilausible guesses are 
the following: from xvw, to melt, or 
juice; from kema, an oriental 
word signifying black; from xcpi/r, the 
name of a person eminently skilled in 
the sciences; from Cherniy the Coptic 

name of Eg}Tt, where the art is supposed 

to have had its rise. 

Ac<!ording to Bryant {Ancient Mythol,)^ 
it is derived from chemiay and tliat word 
from Cham. 

The Kev. Mr. Palmer, Professor of 
Arabic at Cambridge, lias given the 
following etymology: “Al-chomy, or 


more properly Al-kemy, the knowledge* 
of thesiihstanci* orcom]>usitioii of bodies, 
so name<l tVi*m tlu* sul stantive (Ivya- 
inon), that is the substance or eonstilu- 
tioii id' anything ; fnun tlie nud (Kama ) 
(rolius. Lt'i'Uum.'" ('ritomsoirs Che- 
mi^try, Tull cilit. p. 4. Not**.) 

(Vniversing iij>oii this subject with iny 
late friend l.>r. 'I’liomit** Yt>uiig, he re- 
marked, that the Kgyptians probably 
neitli(*r km‘W nor eanrd much about the 
composition of bodies; ami that the tenn 
(’hemistry, as referring to the secret art 
of transmutation, was prohaltly derived 
from the C'optie root hhems or chemsy 
signifviiig ohsrun\ tfnrk. The (ii*niuin 
^ woi tl ychrimj serref, he said, was perhap.s 
of tin* same r«>ot. 

“lliccai's varia accepit nomina, nam 
uimiium ju iinb dicta fait rlxrti tou/toc/;, 
et antiqiiis iilis t(*niporihu.s pc*!’ hanc 
vocem .sign ifica bant arieiii vilia nietalla 
in atinini conv(*r!emli, et ejus artifices 
Troitjroi vocfiri Zo/iinu.s (licit. V'etercH 
/Kgyptios lijinc artem Chimnet voc’asso 
Jo.scphus Scaliger ibi ost(*iidit, sed postcvi 
(ineci hanc artem xi>vfT07rinjjfTii> dixeriirit, 
Arabibus vero, A/rhcmin." (Boerhaave, 
f nsiitutiones Chc7ni(e . ) 

• “ Tout ce qii’oii a dit de Tantiquo 
I origijic do la Chiinie, .stir les premiers 
hommos qui ont travailJe les imdaiix, 
tuille et poll les jderres diires, fondii les 
sables, dissous et crystallise h^ sels, no 
inontre h un esprit exact et severe quhtnu 

vaine et ridicule pretension, scmblahlc 

k cetto par laqtielle on voudrait rocon- 
uotirc les dlJtnens de la gdometrie dans 
Touvrage grossier du sauvage qui use les 
frogmens dii rocher, qui lour donne des 
formes b peu pr^'s rdguliercs pour les 
rendre utiles h ses prcmieni besoins.** 
(Fonreroy, Dueimre Preliminaire.) 
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an(t as students, especially, are too apt to throw off the burden and 
responsibility of thinking for themselves, by adopting the notions of others, 
without eitlicr weigliing their merit or appreciating their correctness, and 
dl’tini only because tlujy are new, I shall beg leave to call their attention 
to one of the many relevant passages of this author. 

‘‘ lie Avho would come duly prepared, and fitted to the business of 
interpretation, must neither be a follower of novelty, custom, nor anticpiity ; 
nor indulge himself in a liberty of contr.adicting; nor servilely follow 
authority, lie must neither be hasty in affirming, nor loose and sceptical 
in doubting; but raise up particulars to the places assign(‘d them by their 
degree of evidence and proof. Ilis hope must encourage him to labour, 
and not to rest; he must not judge of things by their uncommon nature, 
their difficulty, or their high character; but l>v th* ;r just weight, and 
use. He must, in his o>rn ])arti< ular, carry on his view with concealment, 
and yet liave a <lue regard for jiosterity. Tie must prudently observe the 
lirst entl■all4‘t^ of errors into truths, and of truths into errors, without 
desjdsing or admiring an v thing. lb* must understand bis own talents 
and abilities, or the advantages of Ids own nature. He must comply with 
tln^ natun* of others. He must, as with one eye, survey the natures of 
tldiigs, and liavtj the otlnn* turned towards human uses. Ho must 
ilistiuetly iiud(*rstand tin* mixed nature of words, which is extremely 
c ipable both of prejudicing^ and assisting. He must lay it down to 
himself, that the art of discovering will grow up, and improve, along with 
discoveries tin in>(‘lves. He must mjt he vain either in delivering or 
eone^^aling the knowledge he has ae<piired; hut ingenuous and prudent, 
and eommunieato his inventions without ]>ri(le or ill-nature: and this in 
a stnnig and lively manner, well-defended against the injuries of time, 
and tit for the propagati<»n of knowledge, without occasioning errors; and, 
whicli is the princij)al thing of all, it must he such as may select and 
elioose for itself a prepared and suitable reader^'.’* 

The following oljservations, from the same source, will bring me back 
to my subject: — 

And again; if any one should eoudoscend to regard such things as 
an; accounted rather curious tlian useful, and take a thoroiigli view of 
the works of the alehymist.s, or the followers of natural magic, he might, 
perhaps, lx; at a difficulty which he should withliold, his tears, or his 
laughter. For the aleliymi-st go<*s on with an eternal hope; and where 
Lis matters succeed not, lays the blame upon liis own errors ; and accuses 
himself as not having sufficiently understood either the tonus of his art, 
or liis author: wln;nco he either hearkens out for traditions and auricular 
whispers, or else fancies he made some mistake iis to the exact quantity 
nf the ingredients, or nicety of the experiment; and thus repeats the 
operation without end. And if, in tlie mean time, among all the chances 
of expcriinciits, he throws any which appear cither new or useful, he 
feeds his mind wdth these as so many earnests ; boasts and extols them 
above measure; and conceives great hopes of what is behind. It must, 
indeed, be allowed that the alchymists liave made many discoveries, and 
obliged mankind with useful inventions ; but they are well represented 
in that fable of tlic old man, who left an estate to his children, buried 

Prefatory Aphorisms of the Novum Organwn Scientiarum. No. XI. 
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somewhere or other, he told them, in his vineyard ; which they, therefore, 
fell to dig for with great diligence; whereby, though they found no gold 
in substance, yet they received a better vintage for their labour. ' 

‘^But such as apply to natural magic, and explain everything by 
sympathies and antipathies, have, by supine and indolent conjectures, 
placed strange virtues and operations in things ; and if, at any time, they 
have*produced works, they are rather suited to admiration and strangeness, 
than to fruit and advantage*.** 

It is my intention, in this introductory chapter, after a brief allusion 
to the style and views of the alchymical writers, to notice the principal 
researches of the chemists of the fifteenth and two following centuries ; 
and thus to give an historical sketch of the science, from its early days, 
to the commencement of the present age. 


§ II. 

The transmutation of baser metals into gold and silver, which was the 
chief, and, in most cases, the only object of the genuine alchymists, was 
not merely regarded as possible, but believed to have been performed, by 
some of the more enlightened chemists of the seventeenth century ; and, 
in perusing the history of these transmutations, as recorded by IIelvetius, 
Boeriiaa\^, Boyle, and other sober-minded men, it ^vould be difficult 
to resist the evidence adduced, without ftie aids of modern science. 
Lord Bacon's sound sense has been arraigned for his belief in alchymy, 
though he, in fact, rather urges the possibility than the probability of 
transmutation ; and, considering the infant state of the experimental 
sciences, and of chemistry in particular, in his age, and the plausible 
exterior of the phenomena that tfie chemists were able to produce, he is 
rather to be considered as sceptical than credulous, upon many of the 
points which he discusses. 

Hermes Trismegistus, vrho is said to have lived in the year of the 
world 2076, has generally been quoted as the oldest of the alchymists ; 
there can, however, be very little doubt that the writings attributed to 
him are entirely spurious. The Tractalus Aureus^ or Golden Worlc^ is 
evidently a farrago of occult philosophy belonging to a much later period. 
Hermes, at the outset, is made to apologize for divulging the secrets of 
the black art. I should never have revealed them,** says he, bad not 
the fear of eternal judgment, or the hazard of the perdition of my soul, 
prevailed with me, for such a concealment. It is a debt I am willing to 
pay to the just, even as the Father of the just has liberally bestowed it 
upon me.** After this prelude, we might expect to be let into some of 
the mysteries of alchymy, but our curiosity is quickly disappointed, by 
finding that they are only revealed to the eyes and cars of the sons of 
art; ‘^not to the profane, the unworthy, and the scoffers, who, being as 
(^eedy dogs, wolves, and foxes, are not to feed at our divine repast.** The 
reader is then conducted into what is termed the innermost chamber^ and 
regaled with a history and explanation of various matters relating to the 
pUlosopher's sfone, by means of which, through the permission of the 
Omnipotent, the greatest disease is cured, and sorrow, distress, evil, and 

* ATovimh Organum, Section V. 
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eve(y 4iurtful thing evaded; by help of which we pass from darkness to 
light, from a desert and wilderness to a habitation and home, and from 
straitiifss and necessities to a large. and ample estate” We are then 
greeted to “ catch the flying bird,” by which is meant quicksilver; ‘‘ and 
drown it so that it may fly no more:” this is what is afterwards termed 
the fixation of mercury, by uniting it to gold. It is then to be plunged 
into the “well of the philosophers,” or aqua regia^ “by which its^soul 
will be dissipated, and its corporeal particles united to the red eagle,” or 
muriate of gold. 

We may, however, at once cut short these observations byremarking, 
that all the details bear upon increasing the weight of Gold by the influ- 
ence of mercury, and this imaginary document of Hehmes will suffice as 
an example of all the earliest alchymical authors. 

Gebkr is another great name in the history of alchymy*; though the 
exact period at which he lived is unknown, it W'as probably not later than 
the seventh century. But whatever may be the date or the authenticity 
ascribed to the works bearing the name of Geber, tliey are among the oldest 
chemical treatises in existence, and merely as such deserve the attentive 
perusal of the historian. His three books of alchymy were published at 
Strasburgh, in 1520, and, if genuine, of which there is much doubt, con- 
tain matter that well justifies the praise of Boeriiaave, who considers 
him as a first-rate philosopher of his age. In his chapter On the Alchemie 
of Sol^ after descanting upon the different means of refining and dissolving 
gold, he describes several solar medicines in language which is tolerably 
intelligible ; they are all solutions of gold in nitro-muriatic acid, with the 
addition of quicksilver, nitre, common salt, and some other saline matters, 
and the student is directed to prepare his mind for their performance by 
suitable acts of piety and charity, which, if earnestly and perseveringly 
carried on, may, after due time, enable liim, in the language of his trans- 
lator, Dr. Salmon, “ to change argent vive into an infinite solific and 
lunific, without the help of anything more than its multiplication.” 
Alembics, crucibles, and various furnaces are so fully described, and, if we 
may believe the MSS., depicted by Geber, that he deserves to be men- 
tioned also as the inventor of much useful apparatus. Some have asserted 
his pretensions to the possession of the universal medicine, for he speaks 
of curing disease. But this seems a m^ metaphorical expression, relating 
to transmutation. “ Bring me,” says he, “ the six lepers, that I may 
cleanse them;” by which ho doubtless would imply the conversion of silver, 
mercury, copper, iron, tin, and lead, into gold, — there being only these 
seven metals known at that period. Dr. Johnson supposes that the word 

* “ Primus omnium Arabum post Geber was also a physician and astro- 
Grmcos est Geber ^ cui dant tituluin Ara- nomer. The following are the principal 
bis. Alii dicunt cum fuisse regem, unde works on Chemistry which have 
rex Geber Arah8ydL\<Am\et Leo Afri^ attributed to him: De Akhenda^-^De 
eanue qui Grseous fuit et multa descripsit perfeciione MeiaUorum^-^De XA- 

ex antiquisArabibus,dicit,Gebrum ilium pide Phiheophieoy — De invemendi arte 
natione Gnnous fuisse, sed derogasse Auri et Arpenii, These, and some other 
suam religionem, et se dedisse hfaho* works bearing his name), whether genu- 
medffi religioni Arabum, et vixisse sep- ine or not, furuisli good specimeoB of the 
timo seculo.*’ (Boerhaave.) early alchymical wrings. 
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Gibberish^ anciently written Geberish^ was originally applied to ^ the 
language of Gebcr and his tribe. 

Artephifs, in 1130, published several alchyniical tracts; we jre told 
by Soger Bacon and others, that he died at the advanced age of 1025, 
having prolonged his life by the miraculous virtues of his medicines ; but 
his name, and that of John de Rupescissa, are now deservedly buried in 
oblivion. 

The alchymical annals of the thirteenth century are adorned by the 
name of Roger Bacon, a native of Ilchostcr, in Somersetshire, and 
descended from an ancient and honourable family. In 1240, lie returned 
from Paris, and became celebrated among the learned of the University of 
Oxford. At that time, however, the exposition of ignorance, and attempts 
to overthrow the dogmas of the schools, was a service of risk and daiigi'i* ; 
and to this Friar Bacon, for lie was a monk of the hranciscan order, laid 
himself fully open: he accused of practising witchcraft, thrown into 
prison, and nearly starved, for exposing ilie prevalent immorality of the 
clergy; and, according to some, stood a chance of being burned as a 
magician. 

I know- of no work that strikes one with more surprise and admiral ic)n, 
than the Opus Ma /us af Roi.lu Bacon; he stands alone like a beacon 
upon a waste; his expressions are perspicuous and com])r(“heusi\e, such 
as betoken a rare and unclouded intellect ; and they arc* full of anticipa- 
tions of the advant«iges likely to he derived from that mode of investiga- 
tion insisted upon by his great sueccH^or. (’hancellor Bvfox. '^I’his 
resemblance between Roger Bacon and his illustrious namesake has 
scarcely been noticed by the historians of his period ; it has, how’ever. not 
escaped 3rr. IIallam’s ohscTvation, whoadviTts to it in his Jllstonf of 
ike Middle Jges, AVhether l.oid Bacon, he says, (*vi‘r n‘ad the 0/>//a 
Majus, I kno^v not; hut it is singular, that his f.ivouriti* ([uaint e\]>res- 
sion, prcctogaiivLP svlnitianiin^ should he found in that w<»rk; and wlm- 
ever reads the sixth part of the Opus Majtis^ upon experimt‘ntal sci(‘nce, 
must be struck by it as the prototype in spirit (»f the Soritin Onsduum. 
Tlie same sanguine and sometimes rash confuh*nce in the(*flect of physical 
discoveries; the same fondness for exp<*riment ; tin* same preference of 
inductive to abstract reasoning, pervade lioth w orks.” 

The alchymical work of Ro(»fr Bacon that has he(‘ii most prized, i^ 
the Mirror of Alchymi/^ but there is little either of interest or ent(‘rtaininent 
to be extracted from it b 

Roger Bacon lias by some been spoken of as a benefactor to man- 


• Gmclin has given the following list 
of the chemical writings of Roger Bacon. 
The two first arc given in Alangetus. 

1. Speculum Alchymise. 

2. Epistola dc Secrctis Operihus Artis 

et Naturm, et de Nullitate Magiic. 

3. De Mirabili Potestate Artis et Na- 

turae. 

4. Medulla Alchymiae. 

5. De Arte Ghemiac. 

fi. Breviarium Alchymiae. 

7. Documenta Alchymia* 


8. De Alchymistai-um Artilms. 

0. I )c Sccretis. 

10. Dc Ki^hiis 3retallicis. 

11. D^ Sculpturis Lapidiim. 

12. De IMiilosophoriini l^apido. 

13. Opus Majus, or Alcli>inia Major. 

14. Breviarium <le Dono Dei. 

15. Verbum Abbrcviatuin dc Leone Vi- 

ridi. 

IG. Sc*crctum Socrotorum. 

17. Tractatus Triiim Vorl»oniin. 

18. Hpcculum Scrrotoriiin 
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kind, •by others as an enemy to the liuroan nice, inasnmcli as ho is plausUily 
coiisiderctl to liavc invented gunpowder^, an invention by whioh the 
persoijal barbarity of warfare has certainly been diminished, “ but wliieh, 
considered as an instrument of human destruction, l)y far more powerful 
tliaii any that skill had devised, or accident presented, before ; acc^uiririg, 
as experience shows us, a more siinguinary dominion in every succeeding 
ag(^, and borrowing all the progressive resources of science and civilization 
for tlie extermination of mankind, appals us,” sfiys Mr. Hallam, ^^at the 
future prospects of the species, and makes us feel, perhaps more than in 
any other instfincc, a dilficulty in reconciling the mysterious dispensation 
with the benevolent order of Pro\idence.” 

Tliis discovery has sometimes been given to Bartholomfiw’ Schwartz, 
a G<'rman monk, and tlie date of 1320 annexed to it, a date posterior to 
that wliicli may In* justly claimed for Friar Bacon. Upon the authority, 
liow'ever, of mi Arabic writer in the Kscurial collection, referred to by 
]Mr. Hallam, there seems little reason to doubt that gunpowder was 
introduced, through the means of the Saracens, into Europe, before the 
middle of the iifte(‘nth century, though its use in engines of war was pro- 
])ably more like that of fireworks than artillery. Many authorities might 
be adduced to prove the common use of gunj)Owder early in the fourteenth 
century. Edwakd Tin: Tiiiim) employed artillery with memorable effeet, 
a». the battle of Cressy ; and, in the fiftcentli C( ntiiry, hand-cannons and 
muskets came into use, and gun]K)wdor was in common employ. 

Alukut of Uoi,o(jm?, surnamed Tin: Gukat, was a contemporary of 
UoGKR Bacon; In* is ceb'hrated as the inventor of the brazvn //cm/, which 
was demolished hy tin* j ious zeal of his jnipil, the angelic[d Dr. Aquinas^, 
in consequence of his sus])(H*ting it to he an agent of the devil. Alukrti's 
M AGNCs was what in our days is termed an universal genius. He is cliietly 
celebrated as the commentator of Aristotlk; but, if we give credit to 
contemporary w ritt'rs, he was deeply skilled in all tlie higher departments 
of alcliymical philosophy. His works, wJiicli are very voluminous, were 
published at Leyd(‘ii, in Kiol, hy IVter Jammy. They fill twenty-one 
folio volumes. Most of his alchemical tracts Iiave been inserted in tlie 
Thvatruvi ( livmlcutu. 

The names of UAYMfiM) lii LLY, of Majorca, and Arnolp of Villanova 


• “ From saltpetre aiul other ingivdi- , 
ents,” says Uoger IJaeon, “ are able ‘ 
t<) Ibriii a fire which will harii to aiiv 'dis- | 
taiicc.” \ni\ again, alluding to its I'tfeets, ' 
“ a sinidf portion of matter al)out the size 
of the thumb, properly dhposvdt will make 
a tremendous sound and eerriisentioii, by 
wliick cities and armies miglit be de- 
stroyed.” And again, in the same work, 
is a passage which, though somewhat 
enigmatical, is supposed to dividge the 
secret of this preparation. “ Hed tamon 
sails petrao, lumi mmie cap ubre, et sul- 
phiiris, ct sic facies tonitiaim si scias arti- 
ficium.” The anagram is convertible 
into carhonum pulvere. 8iu*h are the 
claims of Hogor llacon to a discovery 


which soon clianged the wliolo art of 
war. 

•j- Tlioma-s Aquinas wrote several 
w'orks on alchemy. “ So far as 1 have 
! perused lhoin,'’says Dr. Thomson, “ they 
are exceedingly obscure, ami in various 
plact's unintelligible. Some of the terms, 
still employed by modern eliemists, oeciir 
for the tii*st time in his writings. Thus 
tlie tenii nwafyam^ still employed to de- 
note a conqmund of momiry with an- 
other metal occui-s in them. 1 have not 
obscr\*tHl it ill any earlier author.” 

J Iia}^nond Lully -was bom in Majorca 
in 123(», and Arnold of VilUinomin Pro- 
vence in 1235. 
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occur in this page of the histoiy of chemical science, llicir inerit, 
however, consists rather in the quantity than quality ol their writings. 
Lully died on his passage from Africa in 1315, whither he ha^ been 
to preach the truths of the Gospel ; his body wus carried to Majorca, 
where he was honoured as a martyr. Brucker says, “he w'as more 
ingenious than honest.” His chemical opinions are scarcely w'orth quo- 
tation or abstract. He is said to have converted iron into gold in the 
presence of Edward the First in London, which was coined into rosc- 
nobles*. 

Arnold shines as a magician and astrologer. He was a rcnowTied 
prophet, and predicted that the w'orld w’culd come to an end in the year 
1378 . He was shipwrecked on the coast of Genoa, in 1313. 

Isaac and John of Holland >vere also alchemical philosophers of this 
period f. 

* About the year 1500, a Treatise of Alch^mif was pul)lished at Paris, 
attributed to Nicholas Fla3imel. The work, ho'.vever, is spurious, 
and was merely ascribed to him from his lyecoming suddenly, ns it 
is said, very rich. Tlie use he made of his w’calth does his memory 
much credit: he founded hospitals, repaired churches, and endow'ed 
several charitable institutions ; proceedings which by no means savour of 
alchymy. 

Dr. Salmon, wdio in 1692 puidishcd one of the above-mentioned 
tracts, says, “ Flammel was originally a poor scrivener, yet left so great 
monuments behind him, as must convince the most incredulous that lie 
knew' the secret; and performed such mighty w'orks at liis own proper 
cost and charges, as the most opulent prince in Europe cun never do the 
like, I know',” says he, “a gentleman w'ho went to view' those mighty 
buildings and their records. The archives and governors of those platros, 
he told me, own the matter of fact, hut deny tlie means, saying, that 
Flammel w'as a very pious man, and went a pilgrimage to St. Janies of 
Gallicia, for a reward of which piety the holy saint bestowed that vast 
treasure upon him by w'ay of miracle; .ereby denying the power of art by 
which it was certainly effected, to establish a miracle performed by the 
fiomish saint.” 

He was moreover celebrated for his hieroglyphics, of wliicli fac- 
similes are given in Salmon's edition. They arc much of the Siimc cast 
as those that now adorn Moore's Almanac^ and quite as edifying. 

In Salmon's collection we find the Marrow (if Alchymy^ by George 
Ripley, Chanon of Bridlingtmi in Yorkshire^ w'ho was a chemist perhaps 
less deserving of the reputation he acquired tlian most of his compeers. 
He may be quoted as a chemical j>oct. His Compound of Alchemie^ 
dedicated to Inward the Fourth, is rugged enough, but not unintelli- 
gible. The following stanzas from the preface of this piece, given in 
Ashmole's Theatrum Chemteum Britannicum^ w'ill afford a idea 
Ripley's merits as a poet and philosopher : — 

• Bergman, Histor, Chem, numexceperis pulcherrinia experimenU 

t ** Sequuntur nunc Johannes et fecerunt de sanguine et urin& hiimand, 
Isaacs Hollandus, pater et filius, qui quse Helmontius postea et Boyleus pro 
diffurissimosermoneetmagnfteloquentift recentioribus inventis habuorunt,” — 
scripserunt, et si unum vel alteram Boei haave. 
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But into Chapters Ihys Treatis 1 shall devyde, 

In number twelve, with dew recapytulatyon ; 

Superfluous rchearsalls I lay*asydc, 

Intendyng only to give trew informatyon, 

Both of the thcoryke and practycall operatyon : 

Tliat by my wrytyng who so wyll guyded be, 

Of h^'s intente perfyctly speed shall he. 

** The fyrst chapter shall be of naturall Calcination ; 

The second of Dyssolution, secret and phylosophycall ; 

The third of our elcincntall Separation ; 

The fourth of Conjunction niatriiiiuniall ; 

The fyfth of Putrefaction thcfn fullowe sliall: 

Of Congelation Albyficative shall be tlic sixt, 

Then of Cyhatioiiy the seaventh shall follow next. 

“ The secret of our Sublimation the cyght shall show ; 

The nyiitli shall be of Fermentatyon ; 

The tenth of o’ii* Exaltation 1 trow. 

The eleven t of our inervclosc multiplycatyon. 

The twi?ifth of Projection^ then Rrcapitulatynn, 

A'.id ^o this treatise shall take an end, 

By the help of God, 0 *^ 1 cnteiid. 

“ Thus liere the Tract of Alcheinie doth end ; 

Which tract was by George Ripley, Chanon, penn’d. 

“It was composed, writt, and signed hi^. owae, 

In anno twice seaven liiindred s(‘aventy-one. 

Reader, assist him, make it thy desire 

That after lyfc he may have gentle fire ! Amen.‘' 

The degree of faith placed in alcliymy was of course much shaken by 
the multiplied experiments that were undertaken during the seventeenth 
century ; in general, however, those who failed attributed their ill success 
to any rather than the real cause. Salmon's creed is that of most of his 
contemporaries. “ As to the groat and philosophic work," says he, 
(meaning transmutation,) “ it is my opinion and belief, that there is such 
a thing in nature. I know the matter of fact to be true, though the way 
and manner of doing it is as yet liid from mo. I liave boon eye-witness 
of so much as is alile to convince any man endued with rational taculties, 
that there is a possibility of tlie transmutation of metals ; yet, for all these 
thing.s, will not advise any man, ignorant of the jiower of nature and the 
way of operation, to attempt the work, lest, erring in the foundation, he 
should suffer loss, and blame me. Without doubt it is a gift of God 
from above, (ind lie that attains it must patiently wait tlic moving of the 
^v’aters ; when the destined ungcl moves the waters of the pool, then is the 
time to immerge the le]»rous metal, and cleanse it from all impurities." 

Van Hel.wont says, “ I am constniined to believe in the making of 
gold and silver, though I knoiv many exquisite chemists to have con- 
sumed their own and other men's goods in search of tliis mystery ; and 
to this day we see these wortliy and simple labourers cunningly deluded 
by a diabolical crew of gold and silver sucking-flics and leaches. But 1 
know that many will contradict this truth ; one says it is the work of the 
devil, and another, that the sauce is dearer thiui the meat." 

Bergman, in summing up the evidence for and against the possihilitj^ 
and probability of transmutation, and founding his opinion upon the muU 
titude of relations that have been handed down to us by different writers 
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of apparent veracity, one or two of which I shall presently quote, observes, 
that although most of them arc deceptive, and many uncertain, some 
bear such character and testimony, that unless we reject all historical 
evidence we must allow them entitled to confidence 

For my own part, the perusal of the histories of transmutation appears 
to me to furnish solid ground for a diametrically opposite opinion. They 
are all of a most suspicious character ; sometimes the fraud was open and 
intentional, seconded hy juggling dexterity ; at other times the performers 
deceived themselves; they purchased what was termed powder of' projec- 
tion^ prepared by the adepts, containing a portion of gold ; and when they 
threw it into the fire with mercury, and found that portion of gold remaining 
in their crucible, they had not wit enough to detect its source. Hut the 
cases which are quoted as least exceptionable, arc often exactly those which 
are really impossible; I mean, where the weight of the ])owder of j)ro- 
jeetion, and of the lead or other base metal taken conjointly, was exceeded 
by that of the gold produced. Such is Hikrxes* history of Paykui/s 
transmutation, who, with six drachms of lead and one of j)owder, pro- 
duced an ingot that w'as coined into one hundred and forty-seven dueatsj; 
and many others. But the most celebrated history of transmutation is 
that given by IIelvetius in his Brief of ihe Goldett Calf: discovering 
the rarest Miracle in Xatare, how luf the smallest portion of the Philo- 
sopher s Stone a great Piece of Common Lead was tolalli/ transmuted into 
the purest transplendent Gohf at the IJagnc^ in 1 (>()(>; and, as it is a 
luminous epitome of all that has been done on this subject, I shall bricdly 
abridge the proceedings : — 

“ The 27th day of December, KUid, in the aftenioon, came a stranger 
to my house at tlie Hague, in a plebei(*k liabit, of honest gravity and 
serious autliority, of a mean stature and a little long fae(‘, black liair, not 
at all curled, a beardless chin, and about forty-four yi'ars (as 1 guess) of 
age, and bom in North Holland. After salutation, lie beseeehed me witli 
great reverence to pardon liis rude accesses, for lie was a lovc^r of llie 
Pyrotechnian art, and having read my treatise against tlu? sympathetic 
pow'dcr of Sir Kenelm Dtouy, and observed my doubt about the philoso- 
phic mystery, induced him to ask me if I really was a disbelief ver as to 
the existence of an universal medicine which would ('ure all dls('ases, 
unless the principal parts were perished or the predestinated time of 
death come. I replied, I never met with an adept, or saw such a medi- 
cine, though I had fervently prayed for it. Then I said, sundy you are 
a leanied physician. No, said lie, I am a brass-founder, and a lover (»f 
chemistry. He then took from his bosom-pouch a neat ivory box, and 
out of it three ponderous lumps of stone, each about the bigness of a 
walnut. I greedily saw' and handled for a quarter of an hour this most 
noble substance, the value of wdiich might be somewliero about tw'enty 
tons of gold; and having drawn from the owner many rare sec/cts of its 
admirable effects, I returned him this treasure of treasures with a most 
sorrowful mind, humbly beseeching him to bestow a fragment of it upon 
me in perpetual memory of him, though but the size of a coriander seed. 
No, no, said he, that is not lawful : though thou wouldcst give mo as 
many golden ducats as would fill this room ; for it would have particular 

* Opuscuia^ iv. 127. 
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conscqycnccs, and if fire could be burned of fire, I would at ibis instant 
rathSr cast it all into the fiercest fiames. He then asked if I had a 
private chamber whose prospect was from the public street ; so I pre- 
sently conducted him to my best furnished room backwards, which lie 
ciftcred,” says Helvbtius, (in the true spirit of Dutch cleanliness,) 
“ without wiping his shoes, which were full of snow and dirt. I now 
expected he would bestow some great secret upon me, but in vain. He 
asked for a piece of gold, and opening his doublet showed me five piftccs 
of that precious metal which he wore upon a green riband, and which 
very much excelled mine in flexibility and colour, each being the size of 
a small trencher. I now earnestly again craved a crumb of the stone, 
and, at last, out of his philosophical commiseration, he gave me a morsel 
as large as a rape-seed; but I said, this scanty portion will scarcely 
transmute lour grains of lead. Then, said he, deliver it me back : which 
I did, in lio])es of a grcriter parcel; but he cutting ofl‘ lialf with his nail, 
said, Even this is sutficient for thee. Sir, said I, with a dejected counte- 
naiieo, what means this*? And he said, even that will transmute half an 
ounce of load. So 1 gave him great thanks, and said I would try it, and 
reveal it to no one. I le then took his leave, and said lie would call ag.iin 
next morning at nine. I then confessed that wliile the mass of his 
medicine wjis in my hand tlie day before, I had secretly scraj^ed off a hit 
with my nail, which 1 projected on lead, hut it caused no transmutation, 
fer tlic whole fl(‘W' away iii fumes. Friend, «aid he, thou art mot# 
dexterous in committing tlieft than in applying medicine ; hadst thou 
wrapt up thy stolen pr< y in yellow’ w’.ax, it would have penetrated and 
transmuted the huid into gold. I then .asked if the philosopliic w’ork cost 
much or re([uired long time, for philosophers say that nine or ten months 
arc required for it. He answered, tiieir writings are only to be under- 
stood by the adepts, w ithout whom no student can prepare this magistery. 
Fling not away, therefore, thy money and goods in hunting out this art, 
for thou shalt never find it. To w'Weh 1 replied. As thy master showed 
it thee, so niayest thou perehanee discover somctliiug thereof to me, w'lio 
know the rudimeiUs, and therefore it may be easier to add to a founda- 
tion tlmn begin anew’. In this .art, .said lie, it is quite otherwise; for 
unless thou knowest the thing from liead to lieel, thou caiist not break 
open the glassy seal of IIf.iimes. But enough ; to-morrow, at the niiitli 
hour, I wall show^ thee the manner of projection. But Elias never came 
.again ; so my wife, w’lio wjis curious in the art wdiereof the w’ortliy man 
li.td di.sCL)urscd, teazed me to make tlie experiment witli the little spark 
of liouiity the artist had left me ; so 1 melted half an ounce of lead, upon 
wdiicli my wife put in the said medicine ; it hissed and bubbled, and in a 
quarter of an hour the mass of lead was transmuted into fine gold, at 
which we were exceedingly amazed. I took it to the goldsmith, who 
judged it most excellent, and willingly oflorod fifty florins for each 
ounce.” Such is the celebrated liistory of Elias the Artist and Dr. 
Helvetius. 

Sir Kenklm Diguy, 'whose name is mentioned in this narrative, was 
a renowned dabbler in the mysterious art. Under the date of seventh 
November, lf)51, in Evelyns Dm/y/*, ‘‘He gave me,” says Mr. Evelyn, 

* BrayV of Joh n Et'ch/u 
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certauu powder, with which he affirmed that he had 6xed meaury 
before the late king. He advised me to try and digest a little bettor, 
and gave me a water which he siiid was only rain-water, of tlie ayunmul 
equinox, exceedingly ri'ctificd and very volatile : it hud a taste of strong 
Titriolic, and smelt like aquafortis. He intended it for a dissolvent^)!* 
calx of gold; but the truth is, iSir Kenelm was an arrant mouiitehaiik.** 

The following is another history of transmutation, given by Mrtiigetus 
(Preface to the Bibliotheca Chemica Curiosa,) on the authority of M. 
Guos, a clerg} man of Geneva, of the most unexcoptioimble character, 
and at the same time a skilful physician and expert chemist. 

About the year 16o() an unknown Italian came to Geneva, and took 
lodgings at tlio sign of the Cirecn Cross. After remaining there a day 
or two, he requested De I.uc, the landlord, to priwure him a iiian ac- 
quainted with Italian, to accompany him thnmgh the town and point out 
those things which deserved to be examined. De J-.ue was aequaintiMl 
with 31. Gros, at that time about twenty years of age, and a student in 
Geneva, and knowing his proficiency in the Italian language, requcst<*d 
him to accompany the stranger. To this propt»sitiun he willingly acceded, 
and attended the Italian everywhere for the space of a fortnight, i he 
stranger now began to complain of want of nion<‘V, which alarmed M 
Gros not a little, for at that time he was vt ry poor, and he becai c 
apprehensive, from the tenour of the stranger’s e«>nvi rsation. that pe 
Intended to ask the loan of money from liiin. Hut insteatl of this, »li* 
Italian asked him if he was acquainted with any goldsmith, w)iosi‘ bellow s 
aqd other utensils they might be permitted to use, and who w'Mild ic't 
refuse to supply them with the difterent articles requisite for a particui .r 
process which he wanted to perform. 31. Gros named a 31. lUirea'i, ♦ 
whom the Italian immediately repaired. lie readily furnished crucible-, 
pure tin, quicksilver, and the other things required by the Italian. 'I'he 
goldsmith left his w’orksliop, that tlie Italian mlglit be under tlie less 
restraint, leaving 31. (iros, with one of liis own worknuni, as an attendant. 
The Italian put a quiintity of tin into one crucible, ami a quantity of 
quicksilver into another. Tlie tin w'as melted in tlie fire and the mercury 
heated. It >vas then poured into the melted tin, and at tins same time a 
red pow'der enclosed in wax was projected into the amalgam. An agita- 
tion took place, and a great deal of smoke was exhaled from the crucible ; 
but this speedily subsided, and the whole Iseing poured out, formed six 
heavy ingots, having the colour of gold. The goldsmith w as called in by 
the Italian, and requested to make a rigid examination of the smallest of 
these ingots. The gold.smith, not content with the touchstone and the 
application of aquafortis, exposed the metal on the cupel with lead, and 
fused it with antimony, but it sustained no loss. He found it possessed 
of the ductility and specific gravity of gold; and full of admiration, he 
exclaimed that he had never w'orked before upon gold so perfectly purr. 
The Italian made him a present of the smallest ingot as a reeonipense, 
and then, accompanied by 31. Gros, he repaired to the Mint, where he 
received from 31. Bacuet, the mint-master, » quantity of Spanish gold 
coin, equal in weight to the ingots which he had brought. To M. Gros 
he made a present of twenty pieces, on account of the attention that ho 
had paid to him ; and, after paying his bill at the inn, he added fifteen 
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piocQ 3 fhore, to serve to entertain M. Gros and M. Bureau for some days, 
and in the meantime he ordered a supper, that he might, on his return, 
have th# pleasure of supping with these two gentlemen. He went out, 
never returned, leaving behind him the greatest regret and admira- 
tion. It is needless to add, that M. Gros and M. Bureau continued to 
enjoy themselves at the inn till the fifteen pieces, which the stranger had 
left, were exhausted." ^ 

Many of the alcliemists hare given in detail the processes for the 
preparation of the Philosopher’s Stone ; but they are all unsatisfactory, 
and many of them unintelligible*. The following, which is one of the 
j)lainest, is offered as a sample of the general tenour of their proceedings ; 
it is the formula of Carolus Musitanusf. 

“ 1. Prepare a quantity of spirit of wine, so free from water that it 
is wholly combustible, and so volatile that when a drop of it is let fall it 
evaponites before it reaches the ground ; this constitutes the first men- 
struum. 

“ 2. Take pure mercury, revived in the usu.al manner from cinnabar; 
put it into a glass vessel with common salt and distilled vinegar; agitate 
violently, and when the vinegar acquires a black colour pour it off and 
add new vinegar; agitato again, and continue these repeated agitations 
and additions till the vinegar ceases to acquire a black colour from the 
mercury: the mercury is now quite pure and very brilliant. 

‘‘ .3. 1 ake of this mercury four parts ; of sublimed mercury t ( mercurii 
mctegrU(iti)^ prepared >viih \’ovr own hands, eight parts ; triturate them 
together in a >voodon mortar wdth a "wooden pestle, till all the grains of 
running mercury disappear. This process is tedious and rather difficult. 

“ 4. The mixture thus prepared is to be put into an aludel, or a sand- 
bath, and exposed to a subliming heat, which is to be gradually raised 
till the whole sublimes. Collect the sublimed matter, put it again into 
the aludel, and siiblimc a second time ; this process must be repeated 
five times. Thus a very sweet and crystallized sublimate is obtained : it 
constitutes the salt of wise nien {sal sapientum\ and possesses wonderful 
properties §. 

“ 5. Grind it in a wooden mortar, and reduce it to pow’der ; put it 
into a glass retort, and pour upon it the spirit of wine (Xo. 1) till it 
stands about three finger-breadths above the powder; seal the retort 
hermetically, and expose it to a very gentle heat for seventy-four hours, 
shaking it several times a-day; then distil with a gentle heat and the 
spirit of wdiie will pass over, together wuth spirit of mercury. Keep this 
liquid in a well-stopped bottle, lest it should evaporate. More spirit of 
wine is to be poured upon the residual salt, and after digestion it must be 
distilled off as before ; and this process must be repeated till the whole 
salt is dissolved, and distilled over with the spirit of wine. You have 
now performed a great work. The mercury is now' rendered in some 
measure volatile, and it wull gradually become lit to receive the tincture 
of gold and silver. Now return thanks to God, w'ho has hitherto crowned 
your wonderful work with success ; nor is this great w'ork involved in 

* See Stahl's Fundamenta Chemia, and Probably corrosive sublimate. 
Junker's Conspectus Chemia. § Probably calomeL 

f Mangeti Bibliotheca Chemica, 
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Cimmerian darkness, but clearer than the sun ; though preceding 
writers have imposed upon us with parables, hieroglypliics, fables, and 
enigmas. 

“ 6. Take this mercurial spirit, Avhicli contains our magical steck in 
its belly, put it into a glass retort, to which a receiver must be well and 
carefully luted : draw off the spirit by a very gentle heat, there will 
reiRiain in the bottom of the retort the quintessence or soul of mercury ; 
this is to be sublimed by applying a stronger heat to the retort tliat it 
may become volatile, as all the philosophers express themselves. 

Si hxum solvos faciesque volave solutum, 

Et volucrum figas faciet te vivere tutum. 

This is our luna, our fountain, in w hich the king and queen may bathe. 
Preserve this precious quintessence of mercury, wdiich is very volatile, in 
a well-shut vessel for further use. 

“ 8. Let us now' proceed to the operation of common gold, wdiich w'e 
shall communicate clearly and distinctly, without digression or obscu- 
rity; that from vulgar gold w’e may obtain our philosophical gold, just as 
from common mercury we obtained, by the preceding processes, philoso- 
phical mercury. 

“ In the name of God, then, take common gold, purified in the usual 
way by antimony, convert it into small grains, which must be w'ashed 
W’ith salt and vinegar, till it 1)0 quite pure. Take one part of this gold, 
and pour on it three parts of the quintessence of mercury ; as philosophers 
reckon from seven to ten, so w e also reckon our number as philosophical, 
and W'C begin wdth three and one ; let them be married together like 
husband and w'ife, to produce children of their own kind, and you will 
see the common gold sink and plainly dissolve. Now' the marriage is 
consummated ; now' tw'o things are converted into one : thus the philoso- 
phical sulphur is at hand, as the philosophers say, ihc sulphur being dis- 
solved the stone is at hand. Take then, in the name of God, our philoso- 
phical vessel, in which the king and queen embrace each other as in a 
bedchamber, and leave it till the water is converted into earth, then 
peace is concluded between the water and fire, then the elements have 
no longer anything contrary to each other ; because, wdicn the elements 
are converted into earth they no longer oppose each other ; for in earth 
all elements are at rest. For the philosophers say, ‘ When you shall 
have seen the water coagulate itself think that your knowdedge is true, 
and that your operations are truely philosophical.' The gold is now no 
longer common, but ours is philosophical, on account of our processes : 
at first exceedingly fixed, then exceedingly volatile, and finally exceed- 
ingly fixed; and the whole science depends upon the change of the 
elements. Tlie gold at first was a metal, now it is a sulphur, capable of 
converting all metals into its owm sulphur. Now our tincture is wholly 
converted into sulphur, which possesses the energy of curing all diseases : 
this is our universal medicine against all the most deplorable diseases of 
the human body; therefore, return infinite thanks tq Almighty God for 
all the good tilings which he has bestowed upon us. 

“ 9. In this great work of ours, two modes of fermenting and pro- 
jecting are wanting, without which the uninitiated will not easily follow 
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our ppoc^ss. Tlic mode of fermenting is as follows : — ^Take of our suTphur 
above described one part, and project it upon three parts of very pure 
gold fused in a furnace ; in a moment'you will see the gold, by the force 
of tiic sulpliur, converted into a red sulphur of an inferior quality to the 
first sulpliur ; take one part of this, and project it upon three parts of 
fused gold, the whole will be again converted into a sulphur, or a friable 
mass ; mixing one part of this with three parts of gold, you will hav<? a 
malleable and extensible metal. If you find it so, well ; if not, add 
other sulphur and it will again pass into sulphur. Now the sulphur w^ill 
be sufficiently fermented, or our medicine will be brought into a metallic 
nature. 

“ llie mode of projecting is this : — ^Take of the fermented sulphur one 
part, and project it upon ten parts of mercury, heated in a crucible, and 
you will have a perfect metal ; if its colour is not sufficiently deep, fuse 
it again, and add more fermented sulphur, and thus it will acquire colour. 
If it becomes frangible, add a sufficient quantity of mercury and it will 
bo perfetd. 

“ Thus, friend, you have a description of the universal medicine, not 
only for curing diseases and prolonging life, but also for transmuting all 
nu'tals into gold. (Jive therefore thanks to Almighty (jod, who, taking 
pity on human calamities, has at last revealed this inestimable treasure, 
an(l made it known for the common benefit of all.” 

Nearly idl the alchymists attributed the power of prolonging life 
cither to thp philosophers stone, or to certain preparations of gold, 
imagining possibly that the porinancnce of that metal might be trans- 
ferred to the human system. The celebrated Descartes is said to have 
supported such opinions ; he told 8ir Kenelm Dionv, that although he 
would not venture to promise immortality, he >vas certain that life might 
be lengtheiK'd to the period of that of the Patriarchs. Ills plan, however, 
seems to have beim the very rational one of limiting all excess of diet, 
and enjoining punctual and frugal meals*. 

The history of alchymy has been greatly enriched by the labours of 
the celebrated Elias Ash mole, w ho in 1()52 published his Theatrum 
Chemicum Jhiianmeum^ contaimng several Poelicall Pieces of our famous 
English Philosophers^ who have written the Hermetique Mysteries in 
their ownc ancient Language, 

The most remarkable piece in this collection is the Ordinall oj 
Alchimy^ by Thomas Norton, illustrjited by several comical cuts. It 
treats, in separate chapters, of the objects of the occult science; of the 
difficulties of attaining them; of the different methods of pursuing them; 
of the. characters of the elements ; and of the five concords, of which the 
first is Patience^ the second Assistance,^ the third Instruments^ the fourth 
Situation^ and the fifth Planetary Influence. It is difficult to select from 
this production any specimen capable of conveying an idea of its merits, 
that can come within the limits of a quotation. Perhaps the following 
lines, picked out of the seventh chapter, touching “the Regiment of 
Piers,” may serve to convey some idea of the author s talents in the 
double capacity of poet and philosopher. 
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In many authors written you may see, 

Totum consUtit in is^is regimine; 

Wherefore in all things so proceed, 

That heat work no more no less than it need ; 

Wherein many of Geber’s cooks 
Deceived were, though they be wise in books. 

Such heate wherewith a pig or goose is scalded 
In this arte Decoction it is called; 

Such heate as dryeth lawne karchiefs fair, 

In thirty operations serveth for our ayre ! 

But for divisions you must use such heate, 

As cook's make when they roaste raw meate. 

Ignis humidus another fier alsoe 

Is, and yet seemeth oppositum in adjecto: 

Another fier is fier of desiccation. 

For matters which be imbibed with humectation. 

Ignis corrodens serveth in this arte, 

Elementa propinqua wisely to depart. 

By one point of excess all your work is shent, 

And one point too little is insufiicient ; 

Wlio can be sure to find its true degree, 

Magister magnus in igne shall he be. 

All that hath pleasure in this booke to reade. 

Pray for my soule, and all both quick and deade. 

In this year of Christ 1477, 

This work was begun, honour to God in lieaven.** 

* In later times we have had two or three believers in transmutation. 
In the year 1782, Dr. Price, of Guildford, by means of a white and rod 
powder, professed to convert mercury into silver and gold, and is said to 
have convinced many disbelievers of the possibility of such change; his 
experiments were to have been reneated before an adequate tribunal, but 
he put a period to his existence by swallowing laurel-water. 

Another true believer in the mysteries of this art was Peter Woulfe, 
of whom it is to be regretted that no biographical memoir has been pre- 
served. I have picked up a few anecdotes respecting him from two or 
three friends who w'cre his acquaintance. lie occupied chambers in 
Barnard's Inn while residing in London, and usually spent the Summer 
in Paris. His rooms, which were extensive, were so filled with furnaces and 
apparatus that it was difi&cult to reach his fire-side. Dr. Babington told 
me, that he once put down his hat, and never could find it again, such was 
the confusion of boxes, packages, and parcels, that lay about the chamber. 
His breakfast hour was four in the morning; a few of his select friends 
were occasionally invited to this repast, to whom a secret signal was given 
by which they gained entrance, knocking a certain number of times at 
the inner door of his apartment. He had long vainly searched for the 
elixir, and attributed his repeated failures to the want of due preparation 
by pious and charitable acts. I understand that some of his apparatus is 
still extmit, upon which are supplications for success, and for the welfare 
of the adepts. Whenever he wished to break an acquaintance, or felt 
himself offended, he resented the supposed injury by sending a present to 
the offender, and never seeing him afterwards. These presents were 
sometimes of a curious description, and consisted usually of some expen- 
mve chemical product or preparation. He had an heroic remedy for 
illness: when he fblt himself seriously indisposed, he took a place in the 
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Edmbifrgh mail, and, Iiating reached that city, immediately came back 
in the returning coach to ttfoodoH. A cold, tai»n on one of these expe* 
ditionVl^™^^!^^ ^ ^ inflammatidn of &e lungs, of which he died in 
1^5* He is the author of seYeral papers in the PhiloMphkal Transactions, 
Seyeral pieces of his appimtus, and, among others, an athanoTy or self- 
supplying furnace, were giten me by Mr. Hatcihstt, whopurchai^d them 
of Mr. Woulfe: they are in the Laboratory of the Royal Institution.* 

A few other persons of less note might be quoted as believers in 
transmutation, but the history of one is that of all; and, in the emphatic 
language of Spenser, they #ere doomed 

** To lose good da^s that might be better iq>eiit, 

To waste long nights in pensive discontent ; 

To sp^ to*My, to be put back to-morrow, 

To feed on hcpc^ to pine with fear and sorrow; 

To fret tfacirjyoi^ with crosses and with oare^ 

To eat their hearts through comfortless despairs: 

Unhappy wights I bom to disastroilS end. 

That do their lives in tedious tendance spe^d.*' 

But although the alchytnists have given us little in the way of useful 
facts or applicable discoveries, their reign was fruitful in the invention of 
apparatus. Alembics, stills, retorts, receivers, andLa variety of whimsical 
and complex vessels, in glass and porpelaiii^ axe described and depicted in 
their works ; and they not only possessed nearly all the fumacas with 
which our modem laboratones are necessarily supplied, but were parti-* 
cularly expert in their construction, and often surprisingly happy in their 
appUimtion. 


§ III. 

There are many points in alchemical history which have been purposely 
passed over, as affording nothing worthy of remiirk, and as siqigestbig 
nothing that throws lig^ upon the brighter ages of ^chemistry. It has 
been too common to load the alchymists with honours v^hich they SI 
deserve: the picture of their proceedh^, already given, is as correct and 
faithful as the materials that compose it admit of; and it presentf little 
that the mind rests upon with satisfaction, or reverts to witii interest or 
profit. But there were contemporaries with the alchymists, wl^jgise 
pursuits were conducted upon more rational principles, and^li^ 
writings, though often overshadowed by the clouds of magic and. astro- 
logy, axe, in many instances, inumined by rajsr of sober expjprimental*^ 
investigation; th^ often indul|fe in the insane caprices of me mere 
searchers for the philoaophei^s stone, bht their madness has method in i% 
and their wanderings are not without a plan* 

Of these persons, the fimt that I shall select as worthy notice, isj^|^g||^ / 
VALENTinB^, of ErftirA, who wrote about the middle of the SSeesjffi v 
uenmjf, and who may justly be considered as <me of those wlpselahom 
contributed to the foundation of modem chemistiyr his nqiriiitafiite 
always had m object, and bs details thadi wltiL int^gible 
it is true that he <fften launAes into-tiie sea of akhymy, bdl*he tetinm^ 
unpcdluted by its follies : where he spealm as an ad<pt, be ia as ubswid as" 

* Bern about the year 1400^ 
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lilted be; but, as the narrator of experiments, he abounds in shrewd 
remarks, and was uncommonly successful in his pursuits. The extant 
works of Basil Valentine are not very numerous, and they hav<^. mostly 
become extremely scarce. In 167I> his Triumphant Chariot of Antimony 
was republished at Amsterdam, from the original edition of 1624, with 
copious notes by Dr. Theodore Kirkkingius; and a few years after, an 
Elfish translation of that celebrated production was printed at London. 
In 1644, his Haliographia appeared at Bologna. This work treats of 
the preparation, uses, and virtues of mineral, animal, and vegetable salts, 
and is a curious and well-digested body of information upon a variety of 
chemical subjects. These are the only works of Basil Valentine that 1 
have been able to meet with, and I believe they contain the pith of his 
chemical knowledge. In both these wwks, he appears in the double 
capacity of chemist and physician. In physic he was a brave champion 
for the chemical sect, and his Triumphant Chariot of Antimony^ especially, 
abounds in reflections, not of the mildest description, upon tlie practice 
and theories of his adversaries, whom he despises, because, unable to 
prepare their own medicines, “ they knoAv not Avhether they be hot or 
dry ; black or white ; they only know them as written in their books, and 
seek after nothing but money. Labour is tedious to them, and they 
commit il3l to chance ; they have no conscience, and coals arc outlandish 
wares with them ; they Avrite long scrolls of prescriptions, and the 
apothecary thumps their medicine in his mortar, and health out of the 
patient.” 

But when we find many most important facts recorded in the pages 
of this writer, we shall readily excuse the iitelevaut matter by which they 
are accompanied; and, in this view, his writings deserve the attentive 
perusal of those Avho Avould trace modern improv’ements to their parent 
inventions and discoveries, and tl.ese to tficir more remote and recondite 
sources: To say nothing of the important preparations of antimony with 
which Basil Valentine enriched the Materia Medica^ and of Avhich he 
has given an intelligible and copious account in the Currus Triumphalis^ 

! we find in his works the first accurate directions for the preparation of 
nitric, muriatic, and sulphuric acids ; and were these his only contributions 
to the laboratory, I need hardly say how richly he merits the eulogies of 
th^ modems, when we reflect upon the numerous uses to which those acids 
are now applied, upon their importance in several of the most refined and 
extensive branches of art, and upon the advances in technical and scientific 
chemistry which have been attained by their aid. 

In order to obtain the water of niire^ for by that name he designates 
:^e acid, Valentine directs us to distil three parts of powdered earthen- 
ware^with one of nitre. The mixture is to be subjected in a proper 
earthm alembic to a red heat, and a capacious receiver annexed. Now, 
tlus process is, in some countries, still practised, and, although neither 
convenient^' nor, generally speaking, economical, the acid it affords is 
sufficiently pure. The opinion of the old chemists, respecting this pro- 
duction of nitric acid, ^as, that the clay held down the nitre so as to 
expose it to the searching influence of the fire; but the decomposition 
depends upon the attraction of the potassa of the nitre for the ingredients 
of the clay, a kind of red slag remaining in the retort. 
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.^dtlier mode of procuring nitric acid mentioned by this writer, 
though probably .of more ancient date, since Raymond Lully seems to 
have kn«wn it, comes much nearer to the process now in common use, 
an4 may, in many situations, be conveniently and economically practised. 
It consists in distilling equal parts of nitre and green vitriol. The residue 
consists of sulphate of potassa and oxide of iron; the former may be sepa- 
rated by washing with hot water, and an oxide of iron, of a deep red colour 
remains, used by the polishers of plate-glass, under the name of colcothar. 

Under the directions for preparing the salt of gold in the Haliograpkia, 
I find a third mode suggested for the production of acid from nitre, which 
consists in distilling saltpetre with finely-pounded flints. It depends upon 
the attraction of siliceous earth for potash, which combine to form a 
glassy slag. 

Such are the facts which are recorded by Basil Valentine respecting 
the preparation of nitric acid; he termed it or acid spirit of^ nitre. 

It was afterwards called aquafortis^ and its property of dissolving gold, 
w'ith the addition of sal ammoniac, or of muriatic acid, is often adverted 
to and descanted upon by the same author. 

For nearly two hundred yeiirs after the discovery of aquafortis^ its 
chemical history was but little advanced; nor, indeed, were any facts of 
importance respecting its true ncature made out, until Dr. Priestley and 
Mr. Cavendish commenced their researches, about the middle of the last 
century. 

But the discovery of nitric acid is certainly second in importance to 
tliat of oil of vitriol, or, as it is now called, suiphuric acid^ the honour of 
which is also due to Basil Valentine; for it is not, as far as my infor- 
mation goes,' described in any earlier witer: he frequently mentions it, 
and the mode of its preparation; and Paracelsus, and the authors who 
immediately followed, talk of it as well known, and in common use, 
though it is probable that it bore a high price, and was but scantily 
supplied by a few awkward and unintelligent operators. 

In the Currus IViumphalis^ the spirit afforded by the distillation of 
vitriol is not unfrequently adverted to, and its action upon certain anti- 
monial compounds so fully described, as to leave no doubt respecting its 
nature. In the Haliographia, however, oil of vitriol is distinctly men- 
tioned; and, what is curious, we find in the chapter of that tract relating 
to the extraction of the salts of iron, particular directions for the prepara- 
tion of sulphat of iron, by dissolving iron filings, in a mixture of one part 
of oil of vitriol, and two of water; this solution, he says, “when put 
aside in a cool place, soon forms beautiful crystals;’* and in another 
section we are told, that “ this salt is an excellent tonic; that it comforts 
weak stomachs; and that, externally applied, it is an admirable styptic.” 
And this, in fact, is nearly all that we can say of the preparation and 
medical uses of this salt of iron at the present day. 

The mode of obtaining sulphuric acid, by the distillation of sulphate 
of iron, or green vitriol, is still extensively practised^ upon the Continent, 
in Germany, Sweden, and more especially at Bley], in Bohemia*. The 
vitriol is first deprived of water of crystallization, and then submitted, in 
glass retorts coated with clay, to a red heat; white fumes pass over into 

* Aikin's Dictionary, vxi* Stdphurk AddU 
• C 2 
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the receivers, ivliich become very hot during tlie condensation of tlicsc fumes 
into an unctuous reddish brown fluid, which, from its viscidity and appear- 
ance, acquired the name of oil of vitriol: there remains in the "vessels a 
substance of a fine red colour, which, when washed and levigated, furnipbes 
the colcpthqryqx capiU. jm of vitriol; for the old chemists were in 
thie iiabit of representing the dfegS'ah'd' last products of substances by the 
symbol of a death’s head imd cross-bones. 

Tlie oil of vitriol, thus prepared, exhales fumes when exposed to a moist 
atmosphere, and occasionally congeals or crystallizes ; circumstances which 
led to its name of glacial oil of vitriol^ and which show that it differs from 
the acid as ordinarily prepared. It contains, in fact, the anhydrous acid. 

That sulphur, during combustion, produces a portion of acid matter, 
seems to have been known at a very early period; the method of 
obtaining sulphuric acid by burning a mixture of sulphur and nitre is 
described by Valentine in his Chariot of Antimony^ under the name of 
oil of antimony^ for he employed sulphuret of antimony as well as sulphur, 
in its production. The original recipe runs thus: — 

“ Take of antimony, sulphur, salt nitre, of each equal parts, fulminate 
them under a bell, as oil of sulphur, per campanam, is made, whicli way 
of preparing hath long since been known to the ancients; but you will 
have a better way if instead of a bell you take an alembic, and apply to 
it a recipient; so you will obtain more oil, which will indeed be of the 
same colour as that made of common sulphur, but in powers and virtues 
not a little more excellent.” 

Dr, Ward, the inventor of many celcbmted nostrums, was the first 
person wild brought this mode of j)reparing sulphuric acid into notice in 
England ; he obtained a pateiV for his invention, and for d (‘onsiderable 
time monopolized the manufacture. At length Dr. Koebuck, an eminent 
physician of Birmingham, substituied an apparatus of lead for the glass 
vessels previously used. This was in 1746, since which the price of 
sulphuric acid has been greatly reduced, and the manufacturer conse- 
quently enabled to employ it for a variety of purposes, to which it was 
previously inapplicable, from its scarcity and high price. In 1 772, the 
first manufactory of sulphuric acid near the metropolis, was cstalilished 
by Messrs. Kingscote and Walker, at Battersea*. 

I have mentioned that the necessity and advantages of nitre, as an 
addition to sulphur in increasing the acid product, was kno>\ 7 i to Valen- 
tine; but the manner in which it operates is a later discovery. As the 
expense of the operation is increased by it, many attempts have been 
made to supersede its use, by the employment of other materials, under 
the impression that it merely furnished oxygen; but a little reflection 
easily proves the fallacy of such a notion; for, even if >ve burn sulphur 
in pure oxygen, sulphurous, and not sulphuric acid, is the result. Ihc 
solution of this chemical problem has been chiefly effected by the 
researches of M.M. Clement and Desormes, and Sir H. Davy, who have 
proved that the products of the nitre are concerned in transferring oxygen 
to the sulphur. A patent has more lately been taken out for a mode 
of preparing sulphuric acid by the combustion of pyrites, without the 
intervention of nitre, but its success is doubtful. 

* Parkes, Chemicai Essays^ vol. ii., p. 388. 
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The numerous antimonial preparations described in the Chariot of 
Antimony deserve more notice than they have generally received from the 
chemical historian ; and the perusal of that work affords some insight into 
the celebrated disputes between thc‘ galenical and chemical physicians, 
which were afterwards pushed so far by Paracelsus. 

Basil Valentine, adverting to the notion that antimony* was 
poisonous, tells us, that its noxious qualities may not only be subdued by 
art, but that various properties may be communicated to its different 
preparations — “ As a blacksmith," he says, “ with one sort of fire, and 
iron only is his matter, of which he forms divers instruments. Sometimes 
lie makes a spit, at another time horse-shoes, another time a saw, and at 
length innumerable other things, every of which serves for that use for 
which the smith intended it. So of antimony various works may be 
made for different uses; in which the artist is the smith that forms, 
Vulcan is the key which opens, and operation and utility give experience 
and knowledge of the use. Oh, if foolish and vain men would hear and 
understand what I write, they would not suck their turbid and insalu- 
brious jiotions, but hasten to these limpid fountains, and drink of the 
w’cll of life." 

In pursuing his defence of antimony, the author allows its venomous 
nature, but then tells us, that upon that circumstance its value in medicine 
d'‘pcnd.s, uj)on the princi])lo that venom draws venom to itself; and 
edduces fis proof of this position, the w'cll-known fact, as he tenns it, 
that a dried toad reduced to powder, and sprinkled upon the wound 
occasioned by a viper’s bitc^ cures it. 


§ IV. 

Paracelsus comes next in chronological order to his predecessor, Basil 
Valentine, but as a chemist he falls far short of that master; his original 
discoveries arc few’ and unimportant, and his great merit lies in the 
boldiK^ss and assiduity which he displayed in introducing chemical pre- 
parations into the Materia Mcdica^ and in subduing the prejudices 
of the galenical physicians against the productions of the laboratory. 
The principal events of his life are the following: His real name 
w’as Philip 11 qguEiijSR, wdiicli he changed, on commencing his pro- 
fessional career, into Theophrastus Bomuastus Paracelsus t. At 
an early age he visited the most renowmed tow’iis in Europe, and 
returning to his native country, was made professor of medicine and 
chemistry at Basle; he availed himself of this public situation, not to 


• It is probable that the word Antu 
mony was first used by Basil Valentine. 
Tradition relates, that having throw’n 
some of it to tlie hogs, after it had 
purged them heartily, they immediately 
fattened; and, therefore, ho imagined, 
that his fellow-monks would bo the better 
for a like dose, they having become lean 
by fasting and mortification. The expe- 
riment, however, failed, and they died; 
whence the medicine was called Anti'- 
moim* 


“ Ilunc vinim,” says Boerhaave, 
“alii coluerunt pro Deo, imo locutus sum 
cum liominibus qui credunt eum non esse 
mortnum, sed vivum scdcrc in scpulchro 
jKirtmsiim peccatorum et maloiwin ho- 
iiiinum.’* The following is an illustmtive 
anecdote of his impudence: ‘^Cum ad- 
scendcret Cathedram physico medicam, 
sumsit vas mneum cum igne, immisit 
sulphur et nitrum, et simul Galennm, 
Avicennam, ct Arabes conjecit in igiiein, 
' dicens, sic vos ardeditis in gehenud.'* 
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instruct the unlearned, but to vilify his contemporaries uikI. prede- 
cessors. It is generally said, that his dissolute manners and intracfablc 
temper obliged him to quit his occupation. But othei*s have told^a more 
plausible story: a rich Canon fell sick, and getting frightened, oflcred 
100 florins to any one who would cure him. Paracelsus adniiniste/cd 
three pills, and the Canon got well; but being so soon restored, and by 
such simple means, he refused to fulfil liis promise. The matter was 
brought before a magistrate, who decreed that the doctor should only 
recover the customary fee. Instated at the flimsy excuses ami unpardon- 
able ingratitude of the priest, «uid at the magistrates partial decision, 
Paracelsus declared that he would leave the inhabitants of Basle to the 
eternal destruction which they deserved; he then retired to Strasbiirgli, 
and thence into Hungary^ where he took to drinking, ami died in great 
poverty at Saltzbuigh, in 1541, and in the forty-third year of his age. 
Though we can fix upon no particular discover) c»ii which to found his 
merits as a chemist, and though his wiitings are deficient in the acumen 
and knowledge displayed by several of his contemporaries and immediate 
successors, especially by Timonoiin dk Mayekxi:, and l)u X.*iAEaa>JE» or. as 
he was generally called, QuERriTAXUs'",'’ it is undeniable that he gave a 
most important turn to pharhiaceutical chemUtry: and calomel, first 
described by (^ROLLiusf in 1()09, witli a variety of luercuriarund anti- 
mouial preparations, as likewise opium, came into gemnnd use. Although 
the chemical physicians, how'over, were very succes^fulj they were aware 
of the unpopularity of their means; people were frightenc'd at the idea of 
mercury and antimony, which were aecordingly <‘xhihited under fantastic 
and assumed names. Towards the end of tlu‘ fiftetmth century, the use 
of antimony was prohihitc<l * Paris; and Bks.vikr was expelled the 
faculty for having persevered in adiiuiii<*t<‘ring it. In Ihighind. (dieinical 
medicines began to be employed m the iiign of Charles the First. In 
1644, iSciiRODER published his C/u*mico-Mvdiral Pharmavopwm ; and 
shortly after, that of the ].ondon Colh-go ina«h* its appearance Mm t 
although the history of phamiaceutical chemistry must m»t ho blended 
writh the abstract progress of the science, yet should it not I)C* forgotten, 
that the great modem improvements in cheniistr)* have sprung from its 
applications to mcdicliio, an<l that the foundations of cheniical science are 
to be found in the medical and phajiinweuti^al writers of the sixteenth 
century, who rescued it from the hands of the alchemn al ])retendcr.s, an<l 
gave it a place and cliaracter of its own. 

The enthusiastic ravings of Paracelsus tended to awaken the more 

• Du Chesne was a native of Gascony, whose works were* puhliHlied at Frank- 
and physician to Henry the Fourth. fort, in 1017, in 1 v«d., 4to. The perusal 

t Oswald Crollius was physician to of these authors will he intcrc»stiiig to 
the Prince of Anlialt, and a counsellor those* who are studying the history of 
of the Emperor Rodolph the Becond. medicine, on account of the iinportcnt 
His practice and system were opposed additions which they made to (Chemical 
by the celebrated Andrew Libavius, of Pharmacy, and the new substances with 
Halle, who died in IGlfJ. His works which they enrich the Materia Medica. 
were published in 1615, at Frankfort, in They were followers of the doctrines of 
3 vols., folio. Libavius was succeedeci ParaeeUnis, but divested their practice 
by Angelas Sala, of Vicenza, physician of the absurdities in which his tenets 
to the Duke of Mecklenburgh ^hwerin, were in\obed. 
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solid kilents of Van Hel mont of Brussels, who flourished in the early 
part of the sevent^ith cenFufy,^nd who studied and admired the works 
of his Jess modest predecessor. VAit Helmont has left a curious memoir 
containing a sketch of his OAvn life, and exhibiting the various circum- 
sfanccs that gave an impulse to his proceedings, and the different causes 
that suggested his pursuits. In this biographical relic, there is a vein of 
sound and unaffected argument, which displays a very amiable turn of 
mind in the M’riter. It would, however, be irrelevant to my present 
subject to give more than a very brief abstract, illustrative of the style 
and pursuits of the author. “ In 1694, being then seventeen years of 
iige, 1 finished my courses of philosophy; but upon seeing none admitted 
to examinations at Louvain wlio were not in a gown and hood, as though 
the garment made the man, 1 was struck with the mockery of taking i 
degrees in arts. I theiefore thought it more profitable seriously and 
conscientiously to examine myself; and then I perceived that I really 
knew nothing, or, at least, nothing that uas worth knoA\ing. I had, in 
fact, mendy learned to talk and to wr nigle, and therefore refused the 
title of Master of Arts, finding that nothing nas sound, nothing true, and 
unwilling to be declared master of the seven arts, ^^hen my conscience 
told me I knew not one. The Jesuits, nho then taught philosophy at 
Louvain, expounded to me the disquisitions and secrets of magic; but 
tbc^jc were empty and unprofitable couceks ; and, instead of grain, I 
reaped stubble. In moral philosophy, ^^hen I expected to grasp the 
quintesseuce of tiuth, tiiC einnty and swollen bubble snjipped in my 
hands. I then turned iny thoughts to medicine, {ind having seriously 
read (lALLNand IIippocraies, nohd all that seemed certain and incon- 
trovertible; but uas dismayed upon retising my notes, when I found that 
the ]>.vin'> I had bestowed, and the years 1 had spent, ttcre altogether 
fruitless; but 1 learned at least the emptiness of books and formal dis- 
<’ourses and promises of the schools. 1 uent abroad, and there 1 found 
the s.ini(‘ sluggishness in study, the same blind obedience to the doctrines 
of their forefathers, the same deep-rooted ignorance ** 

IJljaiom was called by his contemporaries an insane enthusiast; 
but there is, eieii iu the >ery inqierfectly translated and brief quotation 
that I have taken from the history of his studies, a propitious gleam of 
tlhit dawn of improvement >\liich was diffused over science by the genius 
of Lord Bacon. 

Tli(* doctrine of the cliomical edements was iu full vogue during th€ 
time of Van IIklmoxt, Pakaci:lsus, and Valentine, and salt, sulphur, 
and mei-cury, are unequivocally mentioned as the ultimate component 
parts of almost all the forms of matter. In the writings of Van IIblmont^,^, 
there arc sundry allusions to the existence of aeriform bodies, andT l£e 
word gas^ now in common use, and applied to all aeriform matters 
difforifig from atmospheric air, first occurs in his pages: he also distin- 
guishes between oondcnsihlc gases or vapours, and incondensible or per- 
manently clastic fluids; and under the term gas silvestre^lLe seems to 
comprehend Avhat was afterwards called ^fixed air. As to the general 
tenour of his writings, it is diflicult to separate the chemistry from the 

* Johaiinis BaptisteC Vim Helmont 1 extract is from the Siudia Auikoris, 
Opera omnia. Hafn. 1707. The above 1 p. 16. 
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miBceUaneons inatt^ and more especially from the medical commentMies 
with which it is blended; but they abound in hints and observations, 
which are ingenious and acute. In his exi>eriineiits on air, he aigued 
Yeiy plausibly on its weight and elasticity; and has detailed with niueli 
precision the effect of temperature and pressure, in liis description of tftc 
air Aermometer. 

Entering upon the seventeenth century, the historian of Experimental 
Science must ever pause to pay a tribute of gratitude and respect to tlie 
celebrated. Francis Bacon; a man whose faults as a statesman have been 
eclipsed to ffiTeyes of posterity, by the brilliancy md excellence of his 
philosophical character. 

It may commonly be observed, that those who are gifted by nature 
with superior genius or uncommon ca|>acity, who are destined to reach 
the meridian of science, or to attain exalted stations in the learned pro> 
fessions, have exhibited early symptoms cf future grealnesf: either inde- 
fatigable industry, or extraordinary sag;ieity, or anient enthusiasm, have 
marked their entrance into the adairs of life. At the age of sixteen, 
Bacon was distinguished at Cambridge; and, very shortly afterwards, 
struck ifrith the frivolous subtilty of the tenets of Aristotle, he appears 
to have turned his mind into that channel which led on to future emi- 
nence. The solid foundation of his scientific character is the Instauration 
qf the Sciences, It opens with a general and philosophical survey of the 
subject; whence he procee<ls to infer the futility of the ancient philosophical 
systems, and to point out Induction, from soWr and severe experiments, 
as the only road to truth. Ihirsue this, he says, and we shall obtain new 
powers over nature ; we shall perform works as much greater tlian were 
supposed practicable by natural magic, as the real actions of a Ca.*sar sur- 
pass the fictitious ones of a hero of ronuuiee. Specuhitive philosn]khy 
he likens to the lark, who brings ;:,o returns from his elevated fiiglits ; 
experimental philosophy to the fiilcon, who soars as high, and returns the 
possessor of his prey. Illustrations of the new method of philosophizing, 
and the mode of arranging results, conclude this admirable and unrivalled 
pexfoimance. 

To do justice to this work, we must, for a moment, forget the present 
healthy and vigorous constitution of science, and view it deformed and 
sickly in the reign of Elizabeth. Wo shall then not be .surpri-sed at the 
^ irrelative observations and credulous details which occasionally blciiiish 
this masterly production of the human mind. 

But the histofy of Lord Bacon furnishes other materials for reflection. 
Upon the accession of James the First, he became successively possessed 
of the high^ honours of the law, and acf|uired great celebrity as a public 
speaker and a man of business; yet, amidst the harassii^ duties of his 
I^rious avocations, he still found time to cultivate and adorn the paths 
of science, the pursuit of which furnished employment for his scanty 
leisure and relaxation in his professional toils; and, when ultimately dis- 
graced, ^ his genius, yet unbroken, supported itself amidst involved cir- 
cumstances and a depressed spirit, and shone out in literaiy. productions/* 
Nor should the munificence of his royal master remain unmentioncii, 
who, after remitting his fine, and releasing him from his prison in the 
Tower, conferred upon him a large pension, and used every expedient 
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to oUeviate the burden of his age, and to blunt the poignancy of his 
suffmngs. 

Aft|r the death of Ix>rd BAOUNy which happened in April 1626, in 
the sixty-sixth year of his age, the records of science begin to assume a 
bjfghter aspect; and we discern true knowledge emeiging from the 
dungeons of scholastic controversy, and sliaking off the shackles of 
polemical learning. 

The middle of the i^yentcenth century was a period extremely feitilc 
in chemical productions. In taking, however, a oomprehensiye view of 
the writers of this age, there are a few only whose labours deserve to be 
recorded iis connected with the advancement of chemical knowledge; that 
is, as having contributed, by new views and discoveries, to the progress of 
what may be termed the philosophy of the science. They were generally 
mere recorders of insulated tacts, or publishers of ill-digested and imper- 
fectly arranged catdogues of the various preparations that were used in 
the ai'ts, and in medicine; for the drea<l in which chemical preparations 
were ^viewed by physicians began now to decline; the Materia Medica 
was filled with new and more convenient fonns, and the Pharmacopceim 
published under the authority of diderent governments, were allowed to 
divulge tiic preparation of csilomel, emetic tartar, and several other highly 
important and usi'ful compounds. 

Among the writers of this period there is no one more rich in facts, 
and original in invention, than CrLAUD^^of Amsterdam. was 

a successful promoter c»f chemistiylapplied to the arts; he >vrote on the 
production of phosphorus, and on the art of glass-makmg, and was a 
favourite at mmiy courts of Europe, more especially with Charles the 
Eleventh of Sweden, who, in 1693, gnuitcd him letters of nobility. In 
1673, Lemeuv, the elder, coiifeired much service on chemistry by his 
dexterif3rS3rTin '‘experimentiUist, and by the plain, perspicuous style in 
wdiich ho publicly taught the rudiments of the science. The discovery of 
phosphorus belongs also to this period, and although of little interest 
perhaps in the abstract, it drew a host of inquirers into the precincts of the 
laboratory, and was productive of more extensive and important conse- 
quences tluin hare generally Wen attributed to it. 

But having perused such of these wTiters as I have been able to pro- 
cure, there is no one for whom 1 can so confidently ask attention as 
Glaitiier; he was not a mere maker of experiments, but he reasoned 
sensibly iuid even acutely upon their results; he occasionally oversteps the 
boudds of modest argument, deprecates the views of his contemporaries, 
and praises himself beyond all measure; but this ntiated style was then 
in fasliion, and unlike most of his contemporaries, he has very sufficient 
claims to originality of invention, llis works were translated into 
English, and published, as the title runs, ^^for public good, by the labour, 
care, and charge of CnnisioPHEB Packb, Phtflo-Chemico-Medicus^ in 
1689.*' 

Glauber was so laborious an experimentalist, and in his experimeite 
there is so much originality, that it is difficult to select those whidi can 
strictly be called discoveries, and upon which his scientific character 
deserves chiefly to be founded. 

The distillation of volatile alkali from bones, and its conversion into 
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sal ammoniac by the aflfusion of spirit of salt ; the preparation of sulphate 
of ammonia, which he calls secret sal ammmiacy and its coiiyersion into 
common sal ammoniac by distillation with common salt ; the pro<iuction 
of blue vitriol by the action of acid of ^ntriol upon the green rust of cop- 
per; the distillation of vinegar from wood, and the formation of a variety 
of salts useful in medicine and the arts by its action upon alkaline, earthy, 
and metallic substances ; the distillation of muriatic acid, or spirit of salt, 
from a mixture of common salt and acid of vitriol; and the extraction of 
sujphatc of soda, or sal mirabile, from the residue of this experiment, are 
a few, and only a ve^^ the truly important inventions and dis- 

coveries that crowd upon us in the j>crusal of the verbose page^ of 
Glauber. Of these the production of vinegar of wood, and of muriatic 
acid, may perhaps be regarded as of the greatest interest. The acid litiuor 
producetl during the destructive distillation of wood has lately become a 
manufacture of much importance. 

Glauber describes the distillatory apparatus, which he calls ‘‘ a press 
for extracting the juice of woikI;** he shows its condcnsiition into an Jicid 
liquor; and directs tlic method of burning lime, by ranging layers of 
chalk alternately with those of the wood. lie also Kiys, that by rectifying 
the S|)irit of wood, “ a sharp hot oil, of a dark reddisli C(»lour remains, smd 
the t inegar passes over, fit fur the preparation of medicines, and all other 
uses to which common vinegar is applicable.'' The oil, he adds, is an 
admirable prcser\*ative of woo<1, and when saponified with alkali, fonns a 
most valuable manure; ‘‘a hogshead of which may lie carried into fields 
and vineyards far remote, more easily than ten lotids of common manure, 
which i.s carried to vineyards in nx'ky phu*es with great difficulty. As to 
the s]»irit, physicians may use this noble and ofticaeious jui<*e with great 
honour and profit in the cure of many diseases hitherto iiunirahle and 
he higldy extols an acid hath, made by due admixture of the vinegar of 
wood with warm water: he also shows the mode of concentrating it by 
exposure to cold, when ” the phlegm only free/.rth, hut the sharp spirit 
remaineth in the middle of the hogshead, so sharp that it corrodeth metals 
like aqua fortis." After many otlior shrewd and clever remarks respecting 
the tar of wooil and its add, (tLAruEU closes his disc«jurse, fearing that it 
will not he believed by many, which, he siiys, lie <*aniint help; “it coii- 
tenteth me that I have written the truth, and lighted a candle to iny 
neighliours/* 

ITie preparation of muriatic acid, as now^ commonly condnctcMl^ was 
first devised by Glauber; he obtained it by distilling common salt with 
acid of vitriol, and gives a sufficiently clear account of the nature* of the 
cliemlcal change that ensues. The residue of this operation retains to this 
day the name of Glnuhers salt; or, as he termcjcl it, sal mirahile. Upon 
its virtues he has clesc^anted at great length, and though, in his history of 
this salt, its value and uses are preposterously exaggerated, his observa- 
tions serve to show the diligence and acuteness with which he investigated 
its applicarioiis, and offer proofs of the extensive information which he 
possessed relative to many processes of agriculture and the arts. Halt, in 
short, was Glauber’s favourite element: ** ft is,** says he, the beginning 
and the end of all things, and it increaseth and exattetli their powers and 
virtues: it is the true universal medirine; not that I would have any man 
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persuuile liimseU’, that hi these words 1 would assert immortality, for my 
purpose tendeth not thither, seeing that I am not ignorant there is no 
mcdicij|p against death.” And then, adverting to the opposition to 
chemical medicines hy contemporary physicians, he advises them not to 
envy those ‘‘ who have received such divine gifts as his wondcjrful salt, nor 
to provoke the innocent with their filthy calumnies and slanders, but to 
leave those things which exceed their capjicities. Nothing,” he says, 

“ can extinguish truth ; it may be prest, but cannot be overcome ; like* the 
sun’s light, it may be hidden, but not extinguished.” 

The directions he gives for the preparation of the sal mirabile^ and the 
account of its propcrtit‘S, are in general very corrt'ct. Its colour ought 
to be white and transparent; its figure is in long striie or crystals; its 
tjuste is like ice melting upon tlie tongue, and yields some bitterishness. 
Heing dried in the fire, and all the moisture gone off, it will lose about 
three parts of its own V)odv%aud retain a fourth part only; being dissolved 
in water, it will recover those three parts iig^iiii. Hut, on the contrary, 
if it shoot into a square figure, and hath as yet a saltish taste, and heing 
dried, loseth hut little of its weight, it is not worth a rush, and shows that 
either the oil of vitriol was not good, or not enough of it used in the 
operation. These things we would not bury in silence, that so we might 
well advise young beginners, and withdraw them from their cirors.” 

(if.ArnKU has great merit as an inventor and improver of chemical 
apparatus, mueli of which is depicted in the plates attached to his works. 
The form of distillatory vessels, commonly call(*d AVoulfks apparatus, is 
found in (ii.Arnicn’s Chemical Furnaces; and he contrived a very inge- 
nious mode heating large vessels of water hy steam, and with great 
economy of fuel, u method now often res<*rtod to. 

lie published a pamphlet, entitled. The Consolation of Navigators^ in 
n hich is taught hofv theif who travel In; Sea maif preserve themselves J^om 
Hunger and Thirst; and also from those Diseases which are wont to 
happen in long Fot/ages. IVritien for the Healthy Comforts and Solace^ 
of all those who travel hi/ Hater for the good of their Conntri/. The very 
sensihh; plan of employing exiniot of malt as a portaV>lc vegetable diet, 
and dilute iiuiriatic aeitl to qiieiieli thirst, is hero roc*onniiended ; and 
many of the medicinal uses of the muriatic acid are dwelt upon at length, 
which have been claimed as recent discoveries. On the whole, there is no 
author contemporary with tii.ArnF.n, who has written so much to the 
purpose, and in whom we find such abundant anticipations of modem 
scientific improvennmts. He was cast in the true mould of an experi- 
mental chemist, and had he lived in a more propitious age, would doubtless 
have rivalled the eminence of ^iieklk and of Pkikstlkv. 

§ V. 

It is now time to advert to the early proceedings of the Royal Society, as 
connected with the present subject, a body incorporated by Charles the 
Second in l(>(i2, under a Royal Charter, for the improvement of natural 
know'ledge. Tlic period of the foundation of this fc^iety was peculiarly 
favourable to its interests and objects ; the country, long distracted by the 
w^orst of all evils, a civil war, and afterwards oppressed by the military 



OBIGIN AND PROGRKSH 


28 


usurpation of Cromwell, was threatened, upon the death of tlie r];ptector, , 
with the horrors of anarchy, when the restoration of Charles the Second 
healed aO diyisions, and checked the tide of revolutionary violence. Then 
was a propitious time to lead the rich and well-informed into the avenues 
of scientific inquiry, and to substitute the advancement of knowledge for 
political speculation. Among the first members of the Royal Society are 
the names of many who were eminent in mathematical and physical 
louAvlcdge, and of more who afterwards became so; they were vehement 
in favour of experimental science, which was then in its infancy, and soon 
acquired vigour by their support; and it is curious to observe among the 
most active and zealous promoters of these peaceful studies, many who 
had been famed as party leaders, or actively engaged in political intrigues 
and revolutionary broils. 

The early volumes of the Philosophical Transactions^ of which the 
first bears date 1665, consist of small numbers, which were published at 
irregular interrsds, &A from their miscellaneous contents, may be com- 
pared to the scientific jounials of these days. Exclusive of ;; apers read 
before the Royal Society, they contain many scraps of literary and .scientific 
value collected by the secretary, Mr. Olden m;Ron. I'he publication was 
continued by Drs. Grew and IIooke, but tlie latter discontinued it, pro- 
bably iit>m the sparing sale; and in 1603 we find Dr. Plot resuming the 
editorship, upon condition that the members wouTil bind themselves to 
purchase sixty copies of ejurli number. Tlie Transactions were periodi- 
cally published, with some intermissions, however, by tlie SccTCtaries of 
the Society, till the year 1750, when the publication was put into the 
hands of a Committee of Papers: and since the year ly 62 a volume has 
annually made its appeanuice*. 

In 1666, the Royal Academy of Sciences was instituted at Paris, 
under fhe protection of Louis the Fourteenth; in its annals the names 
of lIoMBERG, Geoffroy, and the two Lemervs, soon bccuiuc cclehnit« «l 
for their various discoveries and improvements in chemistry. ^Ho mdeho f, 
under the auspices of the Regent Duke of Orleans, was an'^tiTiMBK’d 
successful experimentalist. lie discovered the bora cic Quid, which he 
prepared under the name of sedative salt. He w’as ‘also tlic discoverer of 
P urophorus . Geoffroy deserves mention as an active and scientific con- 
tnbuior to pharmaceutical chemistry; he was also, I believe, the first 
compiler of the Paris Pharmacopoeia. 

The early proceedings of the Royal Society of Tendon present nuuiy 
traits of the infant state of experimental science, and not a * few 
absurdities might be selected from among them^ the principal of which 
were lampoon^ by Sir John Hill, in his Review of the Works of the 
Royal Society of London. This period, however, was adorned with the 
names of Boyles and of I1ook£§; the former a voluminous writer, of a 


* THOM 80 ir*s HisUnrff qf the Royal S(h 
eieiy., 

t BomitBafAvia^in Java, 1652; died 
at Paris, 1715. 

Z Boyle was bom in Jaauaiy at 
Lkmore, in the Province of Munster, in 
Ireland, lie was educated at Eton, and 
afterwards travelled in Italy} Switzer- 


land, and France, and returned to Eng- 
land in 1644. In 1666 he took up liis 
residence in London; and in 1660 was 
elected President of the Royal Society. 
Ue died on the 30th of Deceinber 1601, 
aged six^-four. 

§ Bom in the Isle of Wight, 1635 s 
dira in London, 1702. 
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mofi dtoiabic temper and upright mind ; the latter, an original and acute 
experimentalist, hut a peevish and distrustful man*. 

Aitfiough Boyle cannot be said to hare fathomed the depths of 
sgence, yet his station in life, his mild and prepossessing disposition, his 
strict honour and integrity, «nd the unaffected earnestness with which he 
promoted experimental inquiry, tended to shed a lustre on his pursuits, . 
to elevate their character with the^ world, and to draw into their precincts 
many who, without such an eicaiiAple, >vould have passed their lives in 
that listless inactivity, then too common with those upon whom fortune 
smiled ; among them Mr. Boyle made many converts. “ It must be 
confessed,’* says his contemporary BystYN, ^‘^hat he had a marvellous 
sagacity in finding out many usefhl apd noble experiments. Never did 
stubborn matter come under his inquisition, but he extorted a confession 
of all that lay in her most intricate recesses, and what he discovered he 
has faithfully registered and frankly communicated. In this,’* says 
Evelyx, “exceeding my l^rd Verulam, who (though never to he 
mentioned without honour and admiration) was used to tell all that came 
to hand. Ilis severer studies did not in the least soure his conversation, 
and I question whether any man has produced more experiments ^vithout 
dogmatising. lie wsis a corpuscularian without Epicurus ; a great and 
happy analyser addicted to no particular sect, but, as became a generous 
iiid free philosopher, preferring trutli above all ; in a word, a person 
of that singular candour and worth, that to draw’ a just character of 
him, one must run through all the virtues, as well as through all the 
sciences t.’* 

Boylk died in December, 1691, and his funeral sermon was preached 
by the celebrated Dr, Bi’RXET, at St. Martin’s Cliurch, “in which," saj^ 
Evelyn, “ he spake of his w’onderfuhcivility to strangers, the greate go^ 
which he did by his experience in medicine and chemistry, the works, both 
pious and useful, which he published, the exact life he led, and the happy 
©ml he madej." 

Upon the whole, it may truly he said of Boyle, that^ though he 
enlightened and adorned the avenues of science, he scarcely enriched it ; 
he w rote much, and generally to the purpo.se, but he is rather the historian 
than the actor. It may he remarked, liow-ever, that in Boyle, and espe* 
eially in his contemporary Hooke, wc have the first genuine samples of 

* Sir Godfrey Copley, in a letter writ* ! rich, and it is pity they should, if they 
ten about the time of Hooke’s death, I wen* like him.** (/>r. D»carreF$ MSS. 
says, “ Dr. llooko is very crazy; much ' quoted in Biog. Did.) Hooke some- 
coiiccmed for fear ho should outlive his times declared, that he intended to dis* 
estate, lie hath starved one old woman |) 0 $c of his estato for the advancem^i 
already, and, I believe, he will endanger of natural knowledge, and to promote 
himscu to save sixponco for anything the ends for tvhich the Royal Society 
ho wants.** In another, written a few was instituted; to build a handsome 
weeks after his death, Sir Godfrey edifice for ' the Society’s use^ with a 
says “ I wonder old Dr. Ilpdko did not library, laboratory, and rq^tory, imd 
choose rather to leave his 12,000/. to to endow a professorship. % 

continue what he had promoted and IVaUer.) 

studied all the days of his life, I mew ^ -f Bray’s Memoin qf RoshsH find 
matliemaiioal experiments, than to have edit. 4to., vol. it, p« 260. 
it go to those whom he never saw nor $ /6td. Diary, voL il, p* 90. 
cared for. It is rare that virtuosos die 
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the influence of Lord Bacon's doctrines, which actuated all their pioo/^cMl- 
ings, and produced effects marvellously beneficial. Mr. Boylr's Essays 
on the successfulness and unsucccssfulness of experiments, _and t'lo pn^- 
face to his philosophical writings, arc in the genuine spirit of experimental 
research ; and Hooke, in the preface to tha Micrographia^ has spoken 
so much to the point, and in langnage so novel and bold in the then state 
of science, that, upon perusing it, we are struck with the entire confidence 
which it l>espeaks for his subsequent experimental details. 

After adverting to the deep-root etl errors that have been grafted upon 
science, by the slipperiness of the memory, the rashness of the uinler- 
standing, and the narromiess of the senses; and showing that these 
failings may, in some de^ee, be obviated by the right ordering and rc»n- 
dering them duly subsernent to each other, he proceeds to point out tlu' 
means of tracing the footsteps of nature, not," as he says, in her 
ordinary course only, but also in her doublings and turnings ; and in tliis 
investigation, ujion which the desirable reform in philosophy is to be 
founded, there is not so much required any strength of iinnginntinn, or 
exactness of method, or depth of contemplation, as a sineere hand and 
faithful eye, to examiue and to record the things themselvos as tlu'y 
really appear." 

lIooKK then goes on to lament that *• tlic seience of nature has been 
too long made the work of the brain and of the faiiey; let it now revert,” 
says he, ” to plain and sound observation ; and let all intelligi^iiee In* 
severely examined ; let there be rig«»ur in a<lii>itting. strictness in com- 
paring, slo>vness in debating, and slmie.ss in determining. The under- 
standing is to order all the inferior services of the lower faculties ; but 
yet it is to do this as a lawful master, and not as a tyrant. It must not 
encroach upon their otlices, nor take upon itself the emplovmtMits whieli 
belong to either of them. It must watch the im^gularity of the senses, 
but not go before them, or prevent their information ; it must examine, 
range, and dispose of the bank which i> laid up in the memory; but it 
must be sure to make distinction between the sober and well-collected 
heap, and the extravagant ideas tmd mistaken inuiges which there it may 
sometimes light upon." Tliis is, indee<i, the language of l«ord Baco.n, hy 
one who acted as he wrote, for IIookk was a most diligent experimenter, 
and has recorded his results with all that cautious sobriety whieli he 
advises. “ If ever," he says, I have ventured at small coiijeetures 
respecting the causes of the things I have ob.ser\'ed, I I)e8€*cch the reader 
to look upon them only as doubtful problems and uncertain guessi^s, not 
as unquestionable conclusions, or matters of unconfutable science." 

Among the new views and discoveries of Hikikk, connected with 
chemistiy, and many of which are scattered through the writings of 
Boyle, there are none of more importance tlian those relating to the 
phenomena of combustion, and to the part which the air performs in that 
process; and as we arc now approaching an epoch of our history at 
which the appearances presented by burning belies, and the changes 
which they undergo, were attentively examined and assiduously in* 
quired into, and in which they were considered as one of the main 
objects of chemical research, it is right that we distinctly understand 
Hooke's notions upon this subject, which will be found wonderfully 
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ucut^ imd remarkable for their boldness, as differing from theories then 
received ; and for correctness os superseding the objections that the other 
riews aip liable to. . 

From the obscure hints that are to be found in the writings of the 
alcliyinists, and from the more decided languiige of Basil Valentine, 
Pawa<;elsu8, and other writers of that^cast, it apjicsirs tliat the phenomena 
of combustion w'cre generally referred to the existence of some subfile 
and liighly volatile principle, which, expanded and agitated by heat, 
produced dame and fire. AVhen metals were exposed to the action of 
lieat, the greater number were observed to alter their appearance, and, 
losing metallic brilliancy, became converted into an earth -like residue, to 
which the name of Calx was given. It was generally admitted tliat, in 
this process, the particle^* of the combustible were thrown into riolent 
vibrations, and so trtLnsfornicd into heat and light ; and such a su]>posi* 
tion was natural enough, for it appears to a superficial observer, unac- 
((uainted with the powers of modem discovery, that the matter burned is, 
in the greater number of cases, entirely consumed, and that the principal 
])roducts are light and heat. 

A tract, extrenudy ri‘niarkublc for the period at which it was written, 
appeared on this suhj*?ct in France about, or previous to, the year KWO, 
I'iduting to the increase of weight sustained by tin and lead during 111 ?^ 
calcination. I.e Buln having melted two pounds six ounces of tin, 
found that in sTxTunrrs the whole had passi^d into the state of calx, 
weighing throe pounds one ounce ; and being puzzled at tiie circum- 
stance, he consulted Kky, a physieimi of IVrigord, as to its cau^e, who 
immediaUdy set about an inve.stigatioii of the matter, which terminated 
in explicitly referring tin? cause of the increase to the fix«itioii of air '\ 

llooKE ill his investigations, and Boyle by his experiments with the 
air-pump, which was now just perfected and coming into use, succeeded 
not merely in demonstrating the important part performed by the pre- 
sence of atmospheric air in comhustion ; but ]kH)KE carried his inquiries 
still further, and, in his mind s eve at least, seems to have seen ami 
anticipated the results that were gained at a much later period of chemical 
science, and estahUshed upon a less qucstiouable authority. 

lioYLK found that a candle, charcoal, sulphur, and some other com- 
bustibles, would not bum in the exhausted receiver of his air-pump, 
which however produced a very imperfect vacuum. When he bad pro- 
cured a good vacuum, he found that gunpowder would not inflame in it 
by collision of flint and steel, which he very properly attributed to the 
want of due heat in the sparks resulting from collision : for, on heatuig 
the powder violently by a burning leu^, it exploded : hence he thought 
the nitre contained in the gunpowder was concerned in funush)Ji||. 
materials to supply the place of the oirt. . 

Hooke, in the sixteenth section of the Micrographia^ 
charcoal and burned vegetables, observes, that in the ordinary process ibr 

• Eisnya do Jean Hey, Doeleur en J f New expcriincDts touchuiK 

aur in Recherohe de la Cause j lation betwixt fiame and air. BoYiE^S 
pour laquelle P Eatain el le Pkmh^ auy^ I Worka^ 4to., Ixindon, 177‘2, p. 5fiS. 
mefitent de poids gmnd on let calcine, I 
Paris, 1717. ‘ 
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amldillp obaieod, the ccnMmptiMi'Qf the wood is prevented' the 
exdusiom iif aimo^heric air. The ohttoeal floors, it is tme, bat does 
not bom hence, he sajs, may we leain, tto the air is nniveraal 
dissolvent ti indammable bodies,— that Ais disstdaihm generates heaV 
vdiidk we call fire, as is the case in many other diasdutions,— that this 
dissolntitm is made by a substaaoe pized witii the air that is like onto, 
or the very eatne, as that which is fitted in saltpetre,— 4hat, of the bnming 
body, <me portion is turned into air, and anothw portion is indissoluble,— 
tiiat the dissolving parts of the air are but few, and hence the atmo^here 
is like those spirits that have mudh phlegm mszed with them, and become 
soon lotted ; whereas saltpetre abounds more in those sdvent particles, 
and ^ce a little will dissolve a great salj^uteons body quickly and 
vidently; and as other solvents, thouj^ but weak, quickly consume the 
dissoluble body, if the supply be renovated, so ail^ apjdied to a shining 
body by a beUows, will dissdve it as rapidly as saltpetre. From all 
whlA he (^fmdudes, that there it nu sneh wng as an element vi fire, but 
that flame results from the mutual ageainy of the vdatile parts of com- 
llUstiUes, and a part of the atmosphere. 

These, al^ngh not die very wwds of Hoon, but ui abridgment of 
them, contain their unadidtecaied sense, and present a permanent and 
rema^Ue monument of his sigainty and penetratiiMi : his expressions 
show that he had experimented more largely upon the subject, but be 
wanunwilling to extend his aoeount of it till he had cmnpletely investigated 
ports of the inquiry; he particularly alludes to the use of the air in 
iMpitftion. I do not, however, find in any of Hooke's latnr productims 
that ho/oflowed up the very interesting fitcts detmled in the Micrographia, 
tiioagh in his Lampae, published in 1677, he has given a very beautiful 
m^wtion of the way in which a candle bums: ho attributes the light 
and heat to the action of the ur upon the cotqjbnstiblc mattw of the 
flssne, and shows that the interior of the flame js not Inminons, by the 
riin^ expedient of viewing its sectiim tiuough a thin piece of glass, or 
of mica. 

<*T1ie doetrinm of Hooke, conoeiaing the influence of the air in com- 
bnstieai, wore fortirar idustntied by Joun Mayow*, who, in 1674, pub« 
liriied his Trade am variam PdtMso^tcab S ah j e d e. llie date of this 
wudHs posterior to that vS the Mieragraphia, but anterior to the Lampae, 
asid H eontains arguments very similar to those promulgated in the former 
wnsl^withoat, an finr as l,havip.l|een able to find, any reference to them, 
wwnm nmition of Hooks's .nssua. But Matow's chendeal feme need 
apt be built upon his doetriub «f combustion, for he has displayed 
uneommott talents in various othef brandies of inquiry. 

W|i;& ti^ese virnn were promulgating in ftigland, and ehemists were 
buy ia cndWvunthig to raise u theory of eomhnstion, independent of 
hyp» th es 0% Mid feuaded rqpen o^iimental iafloenoet o^y, IteccBimf 
and ItejMltfe h Oennaay, wero at work upon the same nil^leil^raBd 
EueoseukHu UfeWiriifiig ftu explsaatioo of cmahustiou, whidi afterwards 

* Bens hr Cimiwal^ lUSt died in $ Bom in Aanooidsi 1W0| died at 
Lon^um. BeriiB,17M. 

St Bplrm in 1485) ^ in 
Ftvlsad, IfliB. 
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ina(!(( much noiHc abroad, uuder tlie name of the PhlogUtic Theory; and 
when we revert to tin; researches whence this theory, as it was called, 
arose, tjiey carry with them so plausible and accurate an air, and a]ipear . 
so^much less at variance with received doctrines, and known facts, that 
it IS not surprising they should have been adopted in preference to the 
more abstruse and, as they then appeared, hypothetical explanations of 
llooKK and Mavow. , 

IIkccuku's Phyaica Subierranea^ was published at Franckfort in 
IClill: I have endeavoured in vain to come at the meaning of inu<-h of 
this ])ublication; hut thus far 1 have leanieiL that he has anticipated the 
prevailing ge<»logieal theories <»f the pri'^ent day. and has argiu-d upon 
many terrestrial ]>heuoiuena, with a degree <»f plausibility and precision 
which will hear comparison with the more enlightened and learned views 
of Iln roN and Ih^AM Ain. 

Ills notion of the chemical constitution of hodic'J amounts to iliis; the 
elements of bodies are air, water, and three earth'*, one of winch is iiiHam- 
inahle, another mercurial, and another fii**il»le. I'he three earths, emnhined 
w’ifli water, eoii'‘titute an universal acid, whicli tlie ha^^is of all other 
acids. The eomhiiiatioii of two eartli** prt)duces lajudeous hf»dics; and,/ 
in tlie metals, the three e«irt]is are united in various j»roportions. I can-l 
n ft pretend to explain or elucidate this doctrine, aii«l liave no further 
I ‘mark to mak«* upon it, than to request it may he compared with the ^ 
luminous twperimeuis of IIoom:. iu ordiT to set the merits of the latter in‘ 
thi’ir true light. 

I’owanl.s the end of the sevemeeiitli ct‘nturv. the opitiion.s promulgated 
hy Si viil attained uni%ersal a>M‘nt. and of the names of IIookk and 
M.wow nothing was lH*ard for more tlian half a century. 

Iiejectiiig the mercurial earth of Heu iii.k, Stahl retained as elements, • 
water, acid, earth, and fire, or, as lie termed it, Phlogisiinu a principle of^* 
extriMiie tenuity, and pi one to a kind of vibratory motion in which it^ 
appears as //Vc. lie went beyond Hr.ii ni'K in a«ldueing experimental 
jiroofs of his liypothesiN. When phosphorus is burned, it produces an 
acid matter with the evolution of much heat and light; oonseijiiently, 
phosphorus consists of acid and phlogiston: if tliis acid he now heated 

• IkH'clior wrote \ nluniinon.sly n|K)n a non rhyniemsticos lerminos, von\in ipsa.s 
groat variety of subjects. 1 1 is pnnoipal reaU*s eiiehyrUcs, non inanes dciiique ct 
choinieal works are a.s f^^llow^: iinniatenalcs faeultates, a te dcmoii- 

1. (Kdipns i'hemicus. 2. Mciallurpia^ strati, efteetus caus;i.s iiraolica** amliuut, 
de penerationCj refimtionc^ et pt'rfechon^i’ vident, tangunt.” BtH'cher ovor\ where 
Metaihrum. a. Phyf ica Subterranca^ and compliments him as a man not of w’ords, 
its various appcndiei‘.s. 4. ' but of deed'* ; as a idiilosophor, wlio 

Medicinalis lUnsttrains. o. LafH}ratonum eminently sought to render seieiice jxi- 
Portaiife, 0 . Vhymischer tiosrn^parten. , pular and intelligible to all eajweities. 

Becclter's (Kdiptis is diMlicatod to 'Fhe langtingt^ of Iks'chor's Physica 
Fmnew Sylvius Delcbiie, who, iu ' Suhterranca is sufficiently inelegant and 
w'as elected the first Professor of Modi- ^ incorrect. “ Exciiso Latinitatcm in hoc 
cine in the University of Leyden. Ho open', ** says ho, **quam harharam osse 
w*as a man of an anito mind, as appears i fatoor, ob ninteriem ot ob scriptiononi, 
from his various esonys and tracts, more ' in specie scriptionUi modiim ; ex ore 
especially from his Pra.reoit Med. Idea ^ enim dictantis totum opus concoptum 
Nwa. Hi* died at T.eyden in l<i72. est. Sic rebu* attentus, verba neglexi." 

“ Utilimimum pnifccto innnus subiisti, This is at once an example and apology, 
quo tui aiiditores non verba sod corpora. 
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with charcoal^ or other body ubouiuliiig in phlogiston, phosphorus wil I be 
re-protluced. 

When zinc is heated to redness, it burns with a brilliant flainoi and is 
converted into a white earthy substance or calx. Hence zinc consists. of 
this earth and phlogiston. 

Now, it will be observed, that nothing is said here of the increase of 
weight which Key attributed to the condensation of air, and which 
Mayow has as distinctly referred to the fixation of Hooke’s nitro-aerial 
particles. Nor is that obstacle taken into the aceount wliich Hoyle’s 
experiments had suggested, and which Hooke is particularly fond of 
dwelling upon, namely, that bcMlies will not burn without air. 

However, this hypothesis of 8 taiii., iiotwithstaTiding tlie increase* of 
weight in the burning body, the requisite presence of air, and other bars 
against it, was immediately embraced by the generality of chemists, and 
maintained an unim])oachod dominion for upwards of fifty years, until 
shaken and upset by the arguments of Lavoisiek, who, availing himself 
of the discoveries of Scheeli:, l*KiF.sftKY, anil"‘BLACK, brought an 
insupenible mass of evidence to hear against tlu* diH'trim* of phlogiston 

That ooiistitiiexit of the air which Ho(»ke had detected in nitre, and 
which Mayow called its nitro-aerial particles, was, iindt‘r the new title of 
o.rvgCM, regarded as aei'essorv to all eases of combustion, ft was presuiiu‘d 
that this aerial matter consisted of beat and liglit, combined with a 
ponderable base which united with the combustible, conferring upon it 
new characters, while the other elements were extricated under the form 
of fire. lUit to this explanation two ditficulties soon pres(‘)itod themselves; 
the one, that in many cases of comhustioii, aeriform matter, instc'ud of 
being absorbed and decomposed, is evolved ami eomposed; and the other, 
that the evolution of heat and light is nor pnqiortiiuial to the volume of 
air condensed, but depends upon the nipidity of the comlcnsiitioii, ami 
upon the nature of the comhustihle. These ohjections, however, cannot 
be fully discussed, without a reference to the doctrim s of heat, light, ami 
electricity, which must not now he entered upon. 

We may, however, glean some profit upon the field of discussion that 
we have passed over. It may teacli us cireumspeclion in adopting 
hypotheses, and c.aution in deductions, «?vcn from experiments; while, in 
the view’s which have successively risen ami vanished, in tlie eonfident 
security witli which they have at one time V>een received, and the 
unceremonious neglect into which they have .subsequently fallen, w'e have* 
painted its it were before us, a striking ineinento of tlie frailty and 
uncertainty of human exertions. 

• Staid’s doctrines arc very ably set conclusions, as the following passages 
forth in his Three Hundred Erperi- \ amply prove, “ Aer ignis est aniiiui, 
mente, published at Berlin in 17 ^ 1 ; and ; liinc, sine su*rc* nihil potest m^'emli vel 
in ImFundamenta ChemuB^ NuremlK»rg, ; tnflamniari.*’ — ** Aer ininotuinexcitutiis, 

1723 and 1732. He noticed the necc*H- I ventuHartificialis, veletiuiii imtiiralis, 
sity of air to combustion, but he con- ■ rnirum oxcitat motum mtheris sen flam- 
bidcred fiamc or fire as rt^mlting from j mam ; hinc ad ignem fiisoriuiu, ei vitri- 
its violent ethereal agitations. Htahl is ' fieatoriiini, promo v(*iid urn, ff»tlihiis opus 
continually urging circu 7 ns)K.*ction in j 4 *Ht ; inio gradus et vehenM*iitm ignis 
h^'pothesc's, yet preconceivcMl opinions d(*p(*ndet niultum ex aoris adiiiissioiie.*’ 
are always leading hint to erroneous | — Fund. Chem, dogmai, et ration,^ p. 22 . 
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§ VI. 


M A Yo\V jlAvho.SG iiaiiio was mentioned in llic last section coupl(>d with 
that of lIooivK, in researclies conceniiiifj the influence of air upon 
coiiihustioii, is th(^ first writer wlio divulged views worth recording upon 
the suhject of n^spiration, and who lias elsewhere displa^^ed some shrewd 
guesses eoncerniiig the causes and effects of chemical alfinity. In\hc 
iirst case, he opcuied a coinmuiiication hetwceii eliemistry and jihysiology; 
and, in the latttir, he extricated a most important and fundamental branch 
of chemical philosojdiy from tlie mire of false reasoning, and planted it in 
tlie pn?ciiicts of ex[K‘rimental research. 

Mavow was the ornament of his time and country as an experimental 
inquirer; Imt, unfortunately. In* seems to have fallen uj»on uiipropitious 
ground, and his talents, insteatl of liaving heeii awakened by emulation, were 
dam|)e<lby tin* coldest rec*j>tioii. lie was a native of Cornwall, and died 
at the t‘arly age of thirty-live, at the lious«‘ of an apothecary in Vork- 
street, ( -ovent (Jardmi. i)r. Hicnnoi .s. and, and mon‘ lately. l)r. Vkats*, 
have each asserted liis claims to seviTal of tlie diseoieries attributed to 
modern (‘X[»eniiienters, ainl they have in many points made out an 
irresistihle case in his favour 

At an early pcaaod of his experiments, .Mavow seems to liave been 
struck witli the analogy luuweeii the* ]»lHciiomiuia of combustion, and 
those of resj)iratiou, and although many of hi> eonelusions are full of 
error, tliere are more wliieli are eornaU and eviui irfiiied. lie burned a 
caiidh* under a bell-glass, and I'ouikI tlie air so ih teriorated as to be unfit 
for the coiitiiuiam*e of eoiulmstion. lie then confined a mouse in a 
similar portion <»f air, ami it soon niaiiifi sted the want of its renewal, 
'rin-n, by putting a nmuse and a candle umb r the same bell-glass, lu* found 
it livtf only half the tinu‘ that it had survived wlitui under tlie glass alone, 
lit? then reversed the experiment, ami emleavoured to fire combustible 
matter in air that had been spoiled by breathing; and finding tliat it 
would not hum, he observt's, that “ the nitro-tierial particles are al>sorbcd 
hoth hy the camlle and tlie animal *1'.” 

Mxamiiiing the residuary air standing over water after eombuslion, ho 
found tliat it was a little lighter than the atinospliere. and extinguished 
flame ; thus remarkahly deseribing nitrogen by its principal properties, 
naim*ly, tliat it <loes not support combustion, that it is not absorbed by 
water, and that it is liglittu* than atinosjiherie air. 

When Mavoiv speaks of tlie tlextrurtivn of the dasticity of a portion of 
air, lie allmh»s to its ahsorption hy water ; and finding the carl>onic acid, 
formed hy respiration and comhiistion, to be thus absorbed, and its 
formation always connected with the loss of poiver to support Hame. or of 
its nitro-aerial parts, ho talks of n^storation of elasticity hy restoring the 
nitro-aerial matter. 

Mayow also obtained hydrogen gas hy acting upon iron by dilute 
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vitriolic acid ; and nitrous gas, by immersing the same metal in dilute aqua- 
fortis, Upon the whole, Mayow's c^xperiinents upon respiration, and upon 
the gases, are something more than ingenious. Considering the i\ovelty of 
the subject, and the imperfection of his apparatus, they may be considered 
as surprising efforts of experimental diligence, and his conclusions may be 
ranked as remarkable indications of a fruitful mind, not 'wandering 
an^ongst hypotheses, but settling upon the results of experiment. Not 
satisfied with having ascertained that one part only of the atmosplien; 
supports life, he extended his inquiry to the subsequent inlluenec of that 
part upon the system. It was the prevailing notion of his time that 
respiration cooled the blood, but having observed in the nitro-aerial or 
fire-air particles an essential to flame and fire, he considered their 
absorption as necessarily connected with the heat of the blood; lie 
observed an analogy between the respiration of animals and that of })lants ; 
and to show* the existence of air in the blood, he had recourse to the air- 
pump, which, he says, extricates it more copiously from arterial than from 
venous blood. 

The most remarkable Chapter, however, of IMayow's tract, is that 
relating to the “ mutual action of salts of t*ontrary kinds,” or, in other 
words, to chemical combination and decomposition, a subject whicli he 
has handled in so masterly a manner, and which is so ably supported 
by experiments, that although anticipated in respect to his researches 
on the air by Hooke, we must here give him due credit as an original 
inquirer. 

It was imagined by those ]»redecessors of Mayow who expounded 
their notions respecting chemical aftlnity, (hat bodies combined in 
consequence of cortahi mechanical forms of their p.'irticlos; and that when 
an acid was added to an alkali, the salt produced was a perfectly new 
product, resulting from t!ic annihilation of tlie particles of its components. 
It was not admitted, or at least not generally admitted, that the acid and 
alkali existed as such, and might again be separated from the neutral 
salt. Mayow first set about rectifying this gross error. When spirit of 
salt, he says, is mixed with sal volatile^ (or, to use more intelligible terms, 
when muriatic acid is saturated with ammonia) sal ammoniac is produced, 
in which, it is true, neither the projxjrties of acid, nor of alkali, are 
apparent; yet, if salt of tartar be distilled with sal arnmoniiic, the volatile 
alkali will be displaced with all its previous characters, because there is a 
greater attraction between spirit of salt and tartar than between spirit of 
salt and volatile alkali. Again, to show that the acid is not destroyed in 
saline combinations, he instances the decomposition of nitre by oil of 
vitriol, which, he says, displaces the nitric acid, and the residuum in the 
retort furnishes vitriolated tartar. It may be asked, he says, why, when 
nitre is heated, the nitric acid does not rise, for it is, as we have just seen, 
very volatile: the reason is, that it is restrained and kept down by its 
attraction for the tartar, and can only be disphaced by bodies which have 
a stronger attraction for tartar than it. This is excellent reasoning, and it 
would be difficult, with all the adv.antages of modem acquisitions, to 
adduce two more illustrative cases than those w'hich Mayow has furnished. 
He then goes on to show, that acids have a greater attraction for alkalies 
tlian for metal^. The metals, he says, are soluble in one or other of the 
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acids, b^t their solutions are decomposed by salt of tartar; the acid then 
combines witli the tartar, and the metal is precipitated. In the same 
way alkali# unites to sulphur; but if this combination be dissolved in 
water, and acid added to the solution, the sulphur falls, and the acid and 
alkftli unite. Combinations of the metals with sulphur are also decom- 
posed by acids; thus, if sulphuret of antimony be distilled with aqua- 
fortis, the acid .and metal combine, and sulphur sublimes. 

Jlaviiig given otlier similar instances of the combination of sulpfiur 
with nietais and alkalies, he proceeds to some general views connected 
with the subject, among which the following deserve particular notice. 
Although, he says, sulpliur enters into those combinations, we arc not 
to imagine, as some have done, that sulphur includes an acid, and 
thence derives its powers of combination, in consequence of its containing 
an opposite nature; on the other liand, it is clear, lie adds, that the 
combination is independent of any such liiddcn cjiuse, and is the mere 
result of the mutual affinity of tlie substances. lie then cautions those 
concerned in the compounding of medicines, to beware of the new com- 
pounds that may result in conscqucncp of these mutual attractions and 
decompositions, for ‘*0110 substance may destroy the efficacy of another, 
and something pei*fectly different from the original may result.” It is 
curious, he remarks, that when .acid of vitriol is poured upon salt of 
tartar, so .as to form vitriolatod tartar, a great effervescence (msues ; but 
if the acid be previously combined with a metal, this is not observed, and 
yet vitriolated tartar is equally formed ; as when salt of tart.ar is added 
to solution of green vitriol. In these cases, he says, the acid part of the 
salt of tartar is retained by the metal ; thus giving .an explicit account of 
a frequently oceurriiig ease of d(»ubh* decomposition. 

These views, ndating to clioniical attraction, are at once clever and 
correct, and their merit will be csjiccially enhancial by a comparison with 
tli(' absurd and groundless speculations previously entertained upon this 
subject, which, indeed, arc too crude to merit repetition. But Mayow 
has other and more w’ciglity evidence in his favour, for it is remarkable 
that his views and language were adopted by Newton, and that the 
masterly sketch of a theory of chemical attraction given by tliat 
j)bilosophor in the Queries annexed to the third book of Optics, is nearly 
in the language, and quite in the spirit and moaning, of liis predecessor 
iMayow. The following are a few of the points urged by Newton in the 
explication of these ph.Tiioinena: — 

If carbonate of potash be exposed to air it deliquesces, in consequence, 
says Newton, of an attraction between the s.altand the particles of water 
concained in the atmosphere. And why does not common salt and 
saltpetre deliquesce in the same way, except for want of such attniction? 

And again, where he especially comes in contact w'ith 3Iayoiv, he 
says, when spirit of vitriol, poured upon common s.alt or saltpetre, makes 
an el)ullition, and affords on distillation the muriatic and nitric acids, the 
acid part of the spirit of vitriol staying behind, docs not this aigy that 
the fixed alkali in the common salt and s.altpetre attracts the spirit 
of tlie vitriol more strongly tlmn its own spirit, and not being able to 
hold them both, lets go its own? How these attractions may be 
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pexformed, continues Newton, I do not here consider; wh^ I call 
attraction may be performed by impulse, or by some other means unknown 
to me : I use that word to signify any force by which bodies tsiid|. towards 
one another, whatever be the cause. Thus, he says, muriatic acid unites 
to salt of tartar, by virtue of their respective attractions ; but when oil of 
vitriol is poured upon this compound, the former acid is displaced by the 
superior attraction of the latter. Silver is separated from aquafortis by 
quicksilver; quicksilver by copper; and copper by iron; which argues 
that the acid particles of the aquafortis are attracted more strongly by 
iron than by copper; by copper than by quicksilver; and by quicksilver 
than by silver*. Thus, then, chiefly by the experimental labours of 
Mayow, and the sagacious views of Newton, the old and prevailing 
notions of the atomic forms of bodies, the hypothesis of hooks, rings, 
points, and wedges, by which the component parts of bodies were sup- 
posed to be held united, gave way to a simple and independent expression 
of facts. 

It has often been said, that the anticipations of modem discoveries 
which could alone be demonstrated by the progress of experimental re- 
search, are very characteristic of the writings of Newton, and the proof 
of his superior sagacity and penetration ; he inferred that the diamond 
consisted of inflammable matter, and suspected the existence of a com- 
bustible element in water, very long before either of those subjects had 
been experimentally investigated ; and in his notions relating to the sub- 
ject of chemical attraction, he has an anticipation not less striking, relating 
to the connexion between chemical and electrical attniction. “The 
attractions of gravity, magnetism, and electricity, reach to very sensible 
distances, and so have been observed by vulgar eyes ; and there may be 
others which reach to so small distances as hitherto to escape observation, 
and perhaps electrical attraction may reach to such small distances with- 
out being excited by friction t.” 


I shall conclude this subject with some account of the progress more 
lately made in elucidating the doctrines of chemical attraction. 

In 171 8 , Geoffroy:}: invented those tables of affinity which arc now 


Acids. 

!Fixed akalies. 
Volatile alkali. 
Absorbent earths. 
Metals. 


^"gksen in elementary works, and which have certainly 
proved of service in extending chemical knowledge ; 
he considered the order in which bodies separate 
each other from a given body, as permanent and con- 
stant. Thus, he thought the metals were always sepa- 
rated from acids by the absorbent earths, these by 
volatile alkali, and the volatile by the fixed alkalies ; 
to represent, therefore, the attraction of acids for these substances, he 
placed them at the head of a column, with the other bodies beneath, in 
the order of attraction. 

He then constructed a column for each particular acid; thus the 
table for nitric acid taken from Newton's experiments would stand as 
follo^: — 


^ * NewUm^s Optie§, book iiL, qneiy 31. f Mtm. 1718. 
t bock iil. 
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Gellbrt and Limbourq, in 1751 and 1758, ex- 
tended and, in some respects, improved these tabular 
representations of the results of attraction ; hut no con- 
siderable progress was made in the investigations con- 
nected with the subject, until Bergman* published his 
dissertation upon it in 1775. 

Of Bbroman *s character and merits as a chemist, 

I shall 'speaE~^erwards, confining myself at preseift to 
the views which he entertained upon the subject of 
.affinity , or, as he called it, elective attraction^, 

Bergman considered that every substance possess^dw-poculiar attrac- 
tive force for every other substance with which it combines ; a force 
capable of being represented numerically: he regarded decomposition as 
complete ; that is, whenever a third body c is added to a compound a, 5, 
for one of the constituents of which it has a stronger attraction than that 
which already exists between them, the compound will be decomposed, 
and the whole of one of its elements transferred to the added body. 
Tlius, suppose the attraction of a for b to be represented by 1, and of a 
for c by 2, then the addition of c to a b will produce the compound a c, 
and b will be separated. When lime-water is added to nitrate of mag- 
nesia, the latter earth is precipitated, and the former combines with the 
nitric acid, llencc, nitric acid poured upon a mipLture of lime and 
magnesia, dissolves the former, in preference to the latter earth. 

The observation of these facts led Bercs- 
»f AN to call this kind of attraction elective^ 
and he has given tables, showing these re- 
lative attractions of bodies in the dry and 
humid way. Tlius : 

Bergman's opinions relating to affinity 
w^ere generally admitted as correct, and 
considered as standard authority, till Ber- 
TUOLLET published his work on CAeJwJrnT 
"Statirs in 1803, in which he endeavoured to revive, under a new 
aspect, some of the old chemico-mechanical doctrines, and to prove that 
the forms of the acting particles, and their magnitude, or masses of 
matter, wqre concerned in influencing the results. Though these 
doctrines may now be considered as exploded, they liad many ad- 
vocates, and were rapidly gaining ground, until the promulgation of the 
theory of definite proportionals. The experiments adduced by Ber- 
TiioLLET in support of his hypothesis, appeared at first very satiafiu:tory; 
but upon minute inspection they have their weak points, and many of 
the errors into which they led have been successfully unravelled by Pro- 
fessor Ppafp, of Kiel; by Sir I L Davy , and others. In illustration of 
the agcncy"oF^e mass of matter^ llERTnoLLET has adduced the mutual 
action of sulphate of potassa and barytas when solution of baryta is 
added to sulphate of potassa, potassa is liberated, and sulphate of baryta 
is formed and precipitated insoluble ; but if a large quantity of potassa 
be added to a small quantify of sulphate of baryta, the mass will, acooxding 

* Torbem Bergman, bom in Sweden, I f De AtiraeiUmibui EkeiMe* Ojnit- 
1736 ; died 1764. I eui$f vol. iii., p. 691. 



Oxide of 

SiLVEE. 

Silver. 

Lead. 

Sulphuric acid. 

Copper. 

Oxalic do. 

Mercury. 

Phosphoric do. 

Bismuth. 

Nitric do. 

Tin. 

Tartaric do. 

Gold. 

Citric do. 


NiVKib Acid. 

Fixed alkali. 
Volatile alkali. 
EArtlis. 

Iron. 

Copper. 

Leq^. 

Mercury. 

Silver. 



40 


ORIGIN AND PROGRESS 


to Berthollbt, preyail over what appears to be the real chemical i^ffinity, 
and sulphate of potassa will be formed, and baryta evolved. But Sit H. 
Davy pointed out the fallacy to which this experiment is liable, by 
showing that pure potassa does not effect any change upon sulfate of 
baryta, but that making the experiment in open vessels, part of the 
potassa acquires carbonic acid, and then a double affinity is brought into 
action, the bodies present being carbonate of potassa and sulphate of 
bar/ta*. 

Berthollet's notion, that the acting bodies are divided among each 
other in proportions, depending upon their relative masses and attrac- 
tions, has been combated and disproved by PpAFFt, who has shown that 
tartrate of lime is completely decomposed, by adding to it a quantity of 
sulphuric acid, exactly sufficient to saturate the lime it contains ; and in 
the same way he has shown that oxalate of lead is decomposed, by adding 
sulphuric acid sufficient to satumte the oxide of lead. 

But the establishment of the Atomic Theory, from which we learn 
that bodies combine only in certain definite proportions, has gone further 
to elucidate the very important subject of chemical attraction, and to 
Subvert the doctrines of Berthollet, than any previous objections or 
partial experimental investigations. In establishing this theory all the 
eminent chemists of Europe have taken an active part. I think, how- 
ever, there can be vi0 doubt that the foundations of tliis Theory were laid 
by Mr. William Higgins of Dublin, previous to the year 1789 ; and 
tharihe esselitTal iiacts^ have subsequently been followed up and 
worked out by later chemists, are to be found in his Comparative View 
of the Phlogistic and Antiphlogistic Theories^ In the year 1814, he 
published his Experiments and Obsenmtions on the Atomic Theory^ to 
which I may also r^fer the historical reader. 

I^tweei^the years 1792 and ](K)2, Dr. Richter j:, of Berlin, pub- 
lished his Geometry ’Chemivat Elements, containing a series of 

tables, showing the weight of each base capable of saturating one hun- 
dred parts of each acid ; and the weight of each acid capable of saturating 
one hundred of each base. He observed, that in all these tables the 
bases and the acids followed the same order ; and further, that the num- 
bers in each table constitute a series having the same ratio to each other 
in all the tables. Thus, supposing in the table of sulphates, one hundred 
parts of acid were saturated by one hundred of soda, two hundred of 
potassa, ^d three hundred of baryta ; then in the table of nitrates the 
same ratio would hold good, and the soda, potassa, and baryta would there 
also stand to each other in the relation of one, two, and three. 

Thus was explained why, when two neutral salts decomposed each 
other, the newly formed salts are also neutral ; for the same proportion 
of bases that saturate a given weight of one acid, saturate a given weight 
also of all the other acids. Hence numbers may be attached to each acid 
and to each base, indicating the weight of it which will saturate the 
numbers attached to all the other acids and bases. Upon this principle, 
elementary works on chemistry contain tables of the representative num- 
bers of bodies; and upon the same principle, Dr. ^^tiiASTON, by adapting 

* Etem€iUsqf Chem..Phih§,fp,l\9. I t An/anysgrnmhd(tr^g^ 

+ Annates de CMmie, LXXYIL | Messkunst ChemUeher Eletnente* 
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such taljjle of numbers to a moTeable scale, on the principle of Gunter's 
slidiifg me, has constructed the logometric scale of chemical equivalefU9'^ 
which is so important and raluahle an instrument to the practical 
chemist.* ’ * 

cannot enter into further details respecting the researches which 
have established and elucidated this highly important subject, without 
entering into discussions involving the labours of contemporary chemists ; 
I can, therefore, here merely refer to the investigations of Daltgn!L&nd 
OayJittssaQt connected with it, and to the details which wilT^ found 
in another part of this work. 

§ VIL • 

Before we proceed with the regular thread of our historical narrative, 
which is now carrying us into that eventful period for chemistry, and 
indeed for the progress of all the sciences, the first half of the eighteenth 
century, it is requisite rapidly to review some collateral investigations 
which occupied the philosophers of the seventeenth century, and which, 
though not strictly chemical, contributed much to the progress and per- 
fection of some of the more difficult and abstruse branches of that depart- 
ment of knowledge. 

Of these inquiries it will especially be right to notice such as relate 
to the phenomena and effects of heat^ which, in consequence chiefly of 
the invention of the thermometer^ were* pursued with a degree of ardour 
and success, highly creditable to the diligence and sagacity of the indivi- 
duals concerned. Among them, Boyle is entitled to particular praise ; 
and though his inquiries are blended with much irrelevant and miscel- 
laneous digression, they contain materials amply important and inte- 
resting ; materials which paved the way for some of the most eminent 
achievements in chemical science. 

It has befiOLdispu^d t^jvhqra tlmh^^ the thermometer 

belongs; some have given it to C oRyELius DrebbelL and*' s6ihe, with 
more^a^IBinfy,'^^^!^®^ JP^ua. But, when we reflect upon 
theTinpeilectioirand^^ uselessness of the instrument attributed 

to those claimants, and when the construction of the thermometer now in 
use may be indisputably referred to the Florentine Academicians, the 
disputes respecting priority become of little importance. Air was first 
used as a means of exhibiting, by its expansion and contraction, the 
alternations of heat and cold; and Van Hklmont has described, with some 
minuteness, several modifications ofthe m> ' M grmomc/er||. But however 
valuable such thermometers may be for particular purposes, they are ren- 
dered extremely inconvement by the rapid and great dilatability of air by 
moderate changes of temperature: besides which, it is almost impossible 
to construct air tl^ermometers so as to agree among themselves in indi- 
cating the same degree, when applied to bodies of similar temperature. 
The Academicians del Cimento were tlie first to employ thermonketeru 

* New System qf Chemkal PhUosephy. § Bornat Gapo d’Istria, Ififllrdted at 

f Mhmres tTAreueih ii. 287. Venice, 1638. 

X Bom in lloUand, 1672; died in )| Qpm Omnki, Art. ASr, p. 6L 
London, 1634. He is also said to have 
invented the microscope. 
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eoDStructed as we now see them. They used tubes, with a b^b coutaihing 
spirit of wine, and closed so as to exclude the influence of air, and prevent 
the erapoiation of the liquid. This thermometer, however, though much 
superior to, and more useful than the old air thermometer, was yet an use- 
less instrument, if we speak of it comparatively with those now con^ructdd ; 
for, there being no fixed point at either extremity of the scale, the grBr 
duation was arbitrary, and no two instruments, when placed in an atmo- 
sptiere of the same temperature, indicated the same degree of heat. There 
is some confusion in this part of the history of the thermometer, for, though 
the Florentine Academicians state that their scale generally commenced at 
the temperature of freezing, they represent that point by various terms or 
degrees, unsusceptible of comparison, and say nothing of the differing 
temperature of ice, which may exist at 32% or any inferior degree. • In 
Italy, however, it is most proliable that the ice was in a thawing state, 
and therefore about 32^ of Fahrenheit’s scale; but all registers of the 
weather, and all enumerations of high and low temperatures, are quite 
unintelligible, as recorded by experimentalists of that period. 

The great and truly honourable Mr. Boyle” turned liis mind with 
much earnestness to the construction of a scale for thermometers, and 
seems to have had it in contemplation to set out with the temperature at 
which water begins to freeze ; ‘‘ but the objections which he apprehended 
might be made to this metliod scared him so much,” says Dr. Mautink*, 
that he prosecuted no further this consideration of fixing a standiird for 
makiiig and graduating thermometers all in the same way.” Dr. Halley t 
observed, that the same thermometer always indicated the some tempera- 
ture in places deep under ground, where neither the heat of summer nor 
the cold of winter seemed to produce any effect; and MARRiQXTEAnd De 
LA Hire had made the same remark upon thermometers placed iirth~e 
raveT^f^e observatory at Paris. But Dr. Martins, whose authority, as 
far as I have been able to trace his references, is. In most respects, very 
exact, gives Dr. Halley the merit of fixing upon the boiling point of 
water as a standard of graduation, which elevates the quicksilver in the 
thermometer tube always to a given point, under given barometrical pres- 
sure ; and the mean pressure of 30 inches of mercury is generally under- 
stood to be that to which our thermometers are graduated. Sir 1. Newton 
employed the freezing and boiling of water as fixed points, but he used 
linseed oil to fill his tubes, a liquid inconvenient from its viscidity, and 
from the irregularity of its expansion. Alcohol was first used by the 
Florentine Ac^emicians, because it is very sensible to changes of tempe- 
rature, and remains clear in the tube; but, since its boiling point is much 
below that of water, it is useless for the measurement of high temperatures, 
though, firom not freezing, admirably suited to indicate extreme cold. For 
general convenience and equability of expansion, meicuiy, first used, I 
l^lieve, by Dr. Halley, takes prei^ence of all other liquids. It bears 
nearly a m 'betbre conversion into vapour, and sustains the most 
intense cold of these latitudes without freezing; hence it is the liquid 
generally used for accurate and delicate thermometers. 

The principal Aermometric scales in use in Europe are, FAHRXNnBnfs, 

* EM§aif$ MeduaU and PhUosapMeal. ( t Pkik Abr. ii., p. 30 . 

By G. Martine, M.D. Ixmdon, 1740. | 
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which ^mmences at the iemperatuze produced by mixing snow and salt, 
undVhich is 32^ below the freezing of water, so that the latter point is 
marked 32^, and the boiling point 212^, the intermediate space being 
divided into 180^: Reaumur's, in which the zero is the freezing point, 
iuftl 80^ the boiling point; and the Centigrade, in which the space between 
the freezing and boiling of water is divided into 100°, the freezing point 
being 0°, and the boiling point of water 100°. 

In this countiy, Fahrenheit's scale is in general use; over the grSater 
part of Germany, II^aumur's scale is employed ; and in France, the Cea/i- 
grade: it is much to be desired that the subject of a thermometric seals 
should, in the present advanced state of science as regards the doctrine o^ 
heat, be taken into consideration, and that either the Centigrade (which 
is certainly the least objectionable of those hitherto used) or some analogou 
scale should be universally employed. 

There arc other circumstances connected with the construction and 
indications of the thermometer, which I at present pass over, reserving 
them for notice till we consider the more refined investigations relating to 
the subject of heat, undertaken at a subsequent period : in the meantime 
we may advert to the discovery of a very singular property possessed by 
water, which, as far as concerns the influence of heat upon it, distinguishes 
it from all other liquids. This anomaly was first observed by the Floren- 
tine Academicians: We know,** they say, that water, in passing into j 
the state of ice, suffers great expansion, a fact sufficiently evident from ( 
the violence with which various vessels are broken and rent asunder | 
during the freezing of water in them ; but it was not known to us at what J 
particular period of refrigeration this expansion occurs; nor could wei 
learn it from our former experiments, which were made in vessels of silver, i 
gold, brass, and other strong, but opaque materials. We, therefore, now j 
employed glass flasks, and observed, that the moment they were immersed 1 
in ice, the water in the neck of the flask was suddenly elevated, that it I 
then began gnidually to fall, and at length remained fbr a few moments \ 
quite stationary; then it began again to rise with a slow, but apparently ! 
equable progress at first, but afterwards sprung up so suddenly, that the | 
eye could scarcely follow it*.*’ 

* The following unaffected narrative non solo litoma alia mole, ch* ell* aveva 
of tliis celebrated experiment is very prinm di luffi^daisi, ma trapassa ad una 
different from the usual verbose and maggiore, meiitre se le veggon rompere 
pompous style of the philosophers of the vasi di vetro e di metallo con tanta forza. 
period. Ffa qual poi si fosse il periodo di (pieste 

6ih sapevamo per innanzi (e lo sa varie alterazioni, che in essa opm il 
ognuno) che il freddo da principio opera freddo, questo non sapevamo ancoia, ne 
in tutti i liquori ristrignimento, e dimi- eraposrihded’arrivarriconaggfaiacdsrla 
nuzione di mole, e di ci6 non solamente dentro a* vasi opaebi, come qnei d^ 
n*avevamo la riprova ordinaria dell* gento^d*ottone^ed*oro,ne*qiiah8*eiafin* 
aquarzente de* Termometri, ma n^ve* alloraagghiaociata: Onde per non mail* 
vamo fatta esperienza nell’ aoqna, nell* care di queUa notisia, che pavea smt 
olio, nell'aigentovivo^ ed in molt* altri Fanimadi tutte quest' esperieiUMi^^iiesr- 
fluidi. Dali* altro canto sapevamo an- remmo al cristallo, ed al ve(^ipevip40 
cora, che nel passaggio, ehe fh V aoqna per la transpiiTenza della nMdittla 
dull’ esser semplioemente fredda al ri- presto add* assieiimrei Qoma la com an- 
muoversidallasaafluidithierioeveroon- dassei, mentie si poteva a ciasenii movi- 
8i8tenza,e durezza coll* agghiaodammito, ment^ ohe Ibsn appaiio ndl* wsqna del 
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I n ’BmcE^s Hista ru of ike Royal Society, under the date of the 6th of 
Febru^, iSi^fwe find some experiments on the freesing of water made 
before that body, in consequence of a letter received from ^Mr. Musgrav b, 
of Oxfordh.^ ‘‘ Dr, Croune said, he had observed water put Into a bolt- 
head ri8^|^^hef*'b^fbre"Im Mr. Hooke attributed this to the 
shrinking of'the glass. Dr. C. said, the glass had been long in the cold 
before, and the water rose immediately. Dr. Wallis proposed that an 
empty glass might be well cooled in a freezing liquor, in order that it 
might have its contraction before the water be put into it. This was done 
immediately by Mr. Hunt, and the water being put into a small bolt-head 
rose in the neck.*' Numerous and correct experiments have completely 
established this peculiarity in the freezing of water; all other fluids have 
their maximum of density just before the freezing point; water expands 
before it freezes, and consequently water at 36° is lighter than water at 
46°, and floats upon its surface: hence it is, that laige masses of water, 
being cooled by the atmosphere upon their surface, only freeze there, and 
the water beneath retains the more congenial temperature of 40°. 

Among the experiments made by the Accademia del Cimento, we find 
many details independent of those already adverted to, which are at once 
accurate and curious, and especially I think in that section of their 
Transactions, entitled Experiments relating to Ice. In the sixth experi- 
ment of this section they notice the effect of various metallic vessels upon 
the thawing of ice: they found it was longer preserved in lead and tin 
than in similar vessels of brass and of iron; and tiuit it soon thawed in 
gold, and sooner in silver. This enumeration of the metals is in the 
inverse order of their conducting power, as was ascertained more than a 
century afterwards by Dr. Ingenhousz. 

The radiation, reflection, and refraction of heat, are subjects of inquiry 
which also probably engaged much of the attention of the Florentine 
experimentalists, but their published essays contain scarcely any details 
relating to them. In the ninth experiment, however, of the above quoted 
section, they have given an account of a discovery that afterwards excited 
much discussion, relating to the reflection and radiation of cold. We 
were anxious to try if a concave mirror, placed before a mass of ice, 
weighing five hundred pounds, caused any reflection of cold upon a very 


coUo, cavar snlnto la palla dal* ghiaecio, 
e rioonoscer in essa qaali alterationi gli 
correspondessero. Ma la veritk si h, cne 
Doi Btentanuno assai ]nii che non ci sa- 
iiemmo mai dati ad intendere, prima di 
poter rinvenire akana cosa di certo in- 
tomo a* peripdi di quest! accidenti. £ 
per diniepih disdntamente, il suocesso h 
da sapere^ che nefla prima immersione, 
che fiioevaiiio della palla, snbito, ch* ella 
toccava I'acqua del ghiaecio s’osservava 
noil* acqua del oollo un piccolo soUeva- 
mento, ma assai yelooe, dopo il quale 
eon moto assai ordinato, e di mezzaua 
vcftocitks* andava retinuido verso la palla, 
fiiichh anivata aun certo grade nop pro- 
s^guiva piii oltre a discradero, ma si 


fermava quivi per qualche tempo, a 
giudizio degli occhi, affatto priva di mo- 
vimento. Poi a poco a poco si vedoa 
ricominciare’ a salire, ma con un moto 
tardissimo, e apparentemente equabile, 
dal quale senz* ^cun proporzionale acce- 
lerainento spiccava in un subito, un furi- 
osissimo salto, nel qual tempo ^era impos- 
sibile tenerledietro coiroochio,8correndo 
con quell* impeto, per cosl dire, in istanti 
le decine e le dedne de* gradi. £«psri- 
enM 0 intomo al progr$$$o degli urdfirMi 
aggtdaeekmsnJdyede^le^ oe^denH, 
Bigfd di natu^i esperienze fatte neH* 
aecadelliia Del Cimento.**—— Firenze, 
16PI. 
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delicate^hermometer placed in its focus; and truly it began immediately 
to fail; but in consequence of the vicinity of the ice, it was doubtful 
whether^the effect resulted from the direct or from the reflected rays; we, 
therefore, covered the mirror, and whatever was the cause, certain it is 
that the spirit began immediately to rise again. With all this, w>e do not 
mean positively to affirm that no other cause could have produced such 
an effect than the absence of the rays reflected from the mirror, for we 
were not careful in adopting all the precautions requisite in such an 
experiment*." 

Muschknbroek, De Maiean, and others, concluded from these and 
other Experiments, that cdld is not the mere absence of heat, but a distinct 
form of matter possessed of specific properties. Sometimes it has been 
talked of as a substance of a saline nature, floating, as in minute particles, 
in the air, and occasioning the congelation of water, by intruding them- 
selves among its particles. Now, although we cannot adopt such a con- 
clusion, which is not at all called for by the phsenomcna, we shall find it 
plausible to conjecture that ice and other cold bodies do radiate matter, 
which is capable of exciting the sensation of cold in circumjacent bodies. 

To get rid, however, of such an hypothesis, it has been conjectured 
that the eflect of the Ice is to disturb the balance of temperature in the 
surrounding bodies, and consequently to cause a chasm, as it were, into 
which they immediately pour their excess of heat ; among these is the 
thermometer, which consequently indicates cold : but although such an 
explanation might suffice in respect to the mere approximation of the ice 
to the thermometer, it is scarcely applicable to the case of radiation. 

Sir II. Davy says, “ the apparent radiation of cold is in harmony mth 
the phsenomcna of the reflection of the solar beams; for if it be supposed 
that rays capable of producing heat emanate from all terrestrial bodies, 
but in quantities greater in some increasing proportion as their tempera- 
tures are higher, then the introduction of a cold body into the focus of one 
mirror ought to diminish the temperature of a thermometer in the focus of 
the other, in the same manner as a black body placed in one focus would 
diminish the quantity of light in the other focus; and the eye is to the 
rays producing light, a measure similar to that which the thermometer is 
to rays producing heatt." 

Considering the phenomena of reflection and of radiation in general, 
it appears necessary to admit, that the temperature excited by radiant 
matter varies with its source, and that all substances must necessarily be 
considered as producing these emanations. If we approach a heated sus&ce 
we feel the radiant heat; if the surface be of the same temperatuxe as 
ordinary circumjacent bodies, or of a temperature between 40 ® and 80 ®, 
we feel, perhaps, nothing remarkable ; yet such a surface does actuaUy 
radiate matter of its own temperature, as shown by approaching it with a 
cooler thermometer: if the surface be of ice or colder material^ we feel 
upon approaching it the sensation of cold, depending evidently upon the 
emanation of cold radiant matter^since it is susceptible of reflecrion by 
the mirrors. We are further to consider, that the terms Aeat and eotd 

* above quoted. 6eea]8oWal*| f uf CkmiM PkUMtnkv. 

ler’s Translation of the Essays of the I p.aoa. 

Academioiaas del Cinunio. 1654 . I 
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axe merely relative. We may suppose that in on atmosphere heated to 
406®, boi^g water would radiate (comparatively speaking) cold ; and in 
the some way ice at 32® would radiate heat in an atmosphere ve:^ much 
below the freezing point. To the late Professor L&slib, of Edinbu rgh, 
we are deeply indebted for an admirable series of ft&sefmwes, iiiustraJliig 
the philosophy of radiant matter: these are partly contained in his Treatise 
on Heat^ and partly in other essays, (SuppL to Encyclop. Britt.) He 
adopts the theory of the radiation of cold, and supports it by some very 
striking illustrations. 


§ vm. 

From the preceding details some idea may be formed of the state of 
chemistry at the close of the seventeenth century. As an art, we have 
I seen with what success and diligence it was cultivated by Basil Yalen- 
I TINE and Glauber; and how ably and eagerly it was pursued as a science 
by Mayow and IIooke. To these philosophers, and to a few of their 
companions, we not only owe the materials that were arranged and em- 
bodied by their earliest successors in the eighteenth century, but we are 
to ascribe also to them the merit of founding scientific chemistry; of laying 
the basis upon which the superstructure of modem chemical science has 
been raised. The importance of multiplied observations and experiments, 
the application of chemical principles to agriculture, and the aid to be 
derived from them in several arts and manufactures, as well as in many 
departments of domestic economy, are to be learned in the writings of 
Glauber; while Basil Valentine and Van IIelmont have shown the 
necessity of studying pharmacy on chemical principles, and have applied, 
with much success, the doctrines learnt in the laboratory, to the prepa- 
ration of many invaluehle medicines, which have facilitated the treatment 
and cure of disease; nor were the quackery and eccentricities of Para- 
celsus unemployed in this reformation. In that age, example was more 
efficacious than precept; and those who witnessed the cures which he 
performed, enlisted under his banner, and were equally vehement with 
their leader in combating the doctrines of the Galenical school of physic, 
and substituting those of the chemical sect. 

If we look at the scientific generalizations of modem chemistry, and 
more especially at the theories of combustion and acidification promul- 
gated by the ^nch school, about the middle of the last century, we find 
thsBi not anticipated merely, but even minutely explained, by Boyle, 
Hooke, and Mayow, who flourished about an hundred years before 
Lavoisier; and Mayow, in his researches into the laws and phsenomena 
of dbemical affinity, seems to have trodden upon ground which even 
Newton explored as his own. In the history of chemistry, we perceive 
perhaps more than in any other branch of science, the different roads by 
which the human mind arrives at the same conclurions; but we are not 
therefore to consider those conclurions as unavailing, because anticipated ; 
the very dicumstance of attaining them by diffemt means, justifies the 
search; and he whose investigations disclose new views, and unfold new 
truihs, may rest satisfied that he has not laboured in vain, because he ulti* 
mately arrives where others have been before him. In estimating, how- 
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ever, the^ true merits of chemical discoveries and inventions, and mote 
especially in determining the excellence and originality of theories, it is 
requisite to look to their sources, and to examine the steps which lead to 
them, and upon that^ examination to found our opinion. 

liie leading feature and important novelty of the science, as influencing 
its progress in the last century, was certainly the discovery'^of gaseous 
bodies, and the perfection of pneumatic chemistry; without wUch, analysis 
could have made little progress, and, independent of which, all improve- 
ment in theory would have been buf slow and ineffectual ; it was also 
materially, though less directly assisted by those investigations respecting 
the agency of heat, in which Dr. Black made himself so eminently 
conspicuous. 

Though something is due to Mayow, we must in justice confer the 
merit of founding pneumatic chemistry upon Dr. Stephen Hales*, whose 
researches came before the public very early Tn’^nwISsTcentury. “ He 
refused a canonry of Windsor, that he might continue to devote himself 
to his parochial duties and favourite scientific pursuits ; and, as piety, 
truth, and virtue, were the principles of his character, he lived in universal 
esteem to the age of eighty-four, dying at Teddington, on the 4th of 
January, 17^1) where he was buried, under the church-tower, which he 
had rebuilt at his own expense.** 

Dr. Hales commenced the communication of his researches to the 
Royal Society about the year 17179 &nd, in 17279 he published his 
Statical Essays^ containing an Essay towards a Natural History of 
Vegetation^ of use to those who are curious in the Culture and Improve^ 
ment of Gardening: also a Specimen of an Attempt to analyse the Air^ by 
a great variety of Chemico^Statical JEjtperiments^ which were read at 
several Meetings before the Royal Society. In 1733, a second volume of 
these Essays was published, containing Hcemastatics^ and Experiments on 
the Stone of the Kidney and Bladder. Of these Essays, it will be first 
necessary to advert to the contents of those relating to the analysis of the 
air, a term, by the way, which by no means well applies to the researches 
they contain. 

Dr. Hales employed several methods of collecting and examining the 
gaseous products of a variety of bodies, many of w'hich approach those at 
present in use. Sometimes he placed substances upon a stand, under a 
bell-glass inverted over water ; or he employed a flask to contain the 
materials producing aeriform matter, over which was placed a bell-glass, 
the whole being confined over water as before. Or where a high tempe 
rature was required for the production of the gaseous bodies, hs^ used an 
iron retort formed of a bent gun-barrel, and received the air into a vessel 
inverted in a tub of water. In the modification and management of 
these forms of apparatus, he displayed some ingenuity; but it should be 
remembered that he was anticipated in the greater number of his oon^ 
trivances by Mayow, as we have already had occasion to remark. 

In prosecuting his inquiries by these means, Dr. Hales ^stoinbljad 
upon a variety of curious Acts and observations ; but hAving uhIsmIoIj 
predetermined that the various products formed were mere modificatioiis 
and contaminations of common air, he let dip a numerous series of £8- 

* Bom m Kent, 1677 ; died at Teddington, 1761. 
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coyeries once fairly within his grasp, and which were afterwardC^^erlj 
{amassed and successfullj reasoned upon by Priestley and his contem- 
f'poraries. Thus, Dr. Hales obserred that phosphorus when^ burned, 
absorbed air, and produced white fumes; but he neglected any examina- 
tion of the product and of the residue. He distilled air from wood,^and 
found it fa&l to animals; from Newcastle coal he obtained one-third its 
weight of gas; from nitre, one hundred and eighty times its bulk; and 
from salt of tartar urged by on intense heat, he also procured aeriform 
matter; but in no one instance did he examine these gaseous products 
with the attention that might have been expected from an experimentalist 
so diligent and original. He foi^id that iron filings and oil of vitriol 
produced scarcely any air; but that, upon the addition of water, gas was 
abundantly evolved from such a mixture. Here he obtained hydrogen, 
” but instead of stopping to examine its properties, he hastens on to irrele- 
vant observations, and seems always eager rather to multiply experiments 
than to examine their results. Upon the same principle, he accurately 
details the quantity of air generated by distilling hogs’ blood, tallow, sal 
ammoniac, oyster-shells, Indian wheat, pease, mustard-seed, amber, 
tobacco, sugar, bees* wax, and gall-stones; and yet, from such numerous 
experiments, he scarcely draws a single inference that deserves to be 
recorded. 

In his experiments on respiration. Dr. Hales obtained results of such 
interest, that one is surprised at the coldness with which he pursued 
them, and the carelessness with which he drops the inquiry. Finding 
that a given portion of air could only be respired for a given time, and 
that it soon produced oppression and difficulty of breathing, in conse- 
quence, as he says, ^‘of the gross and sulphureous vapours wijh which it 
becomes loaded,” he endeavoured to discover some substance which, by 
absorbing those valours, might render respired air more fit for breathing, 
and consequently contribute to its purification in small and crowded 
rooms, and other similar situations. The apparatus which he used in 
these researches was sufficiently ingenious ; it consisted of a bag made of 
bladder, with a mouth-piece so supplied with valves as to oblige the air 
breathed into it to traverse its whole length, before it could return to the 
lungs. He found that he could breathe the air contained in this appa- 
ratus to and fro, for a minute and a half ; he then wetted certain dia- 
phragms or partitions of flannel in the bag, with different liquids, and 
found that he was thus enabled to respire the confined air for rather a 
longer time ; but having dipped them in a solution of highly calcined 
tartar, lie found he could, without much inconvenience, continue the 
breathing for eight minutes and a half. 

It is probable that the air was purified in this instance by the 
absorption of the carbonic add, or, to use Dr. Hales’s kagi^sge, of the 
sulphureous gross vapours;” but, unwilling as he always appears to follow 
up and investigate the new^fiu^, he says, that the effect was perhaps 
owing to die bidder and syphon being entireto diy, or to some m^eeded 
passage for the air through the ligatures, nemier did I care to ascertain 
the matter by repeated e:q^riments, fearing I might thereby some way 
injure my lungs.^ He however wei|^ed the diaphragms, and found that 
tlu^ had inernuKd in weight about thirty grains in five minutes, making 
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the of matter abeoibed by them from the exj^red air, amount to 

nipeteeh^^pmoes ip t|raity«fimr houn. In other ex^iliiients^ the author 
noticea fbB purification iS air qpoiled by the buniiiig of candlea and of 
brimatohe, by the action of calcined' tartar ; but he takes no pains to 
ipqpoue into the qpecifio action of the salt, and confounds it with that of 
sal^e bodies generally. 

But Dr. HA&Bfi/b researches, relating to the motion of sap in r^tables, 
are in great measure free from the ol^ections which I hare rentured to 
make to his other experimental inquiries, and were pursued upon a more 
regular and digested plan. His first object seems to hare been to ascer- 
tain the quantities of matter imbibed and perspired by plants and trees ; 
for this purpose he grew a sunflower ii^soil contained in a tight box, and 
watering it with given weights of water, he ascertained the quantity that 
it daily lost by tranuapiration from the leaves : after stating ftie extent of | 
surface of the leaves, he informs us, that its minimum of loss by that 
channel was sixteen ounces, and its maximum twenty-eight ounces, in a 
day of twelve hours. To ascertain more particularly the influence c[ the; 
leaves upon the absorption of water by the root, two branches, one^wiih 
and one without leaves, were put into separate glasses, containing knolm 
quantities of water. The houghs with leaves absorbed on an average 
from twenty to twenty-five ounces in a day, and were lighter at night 
than in the morning ; those without leaves imbibed but one ounce, and 
were heavier in the evening than in the morning. This experiment led 
to the inference, that the ascent of the sap, and the quantity of matter 
absorbed from the soil, are much influenced by the leaves ; ** and aooord- 
ingly I observe,** he says, that the leaves next adjoining to blossoms 
are in the Spring very much expanded, when the other leaves on barren 
shoots are^hut beginning to shoot ; and that all peach-leaves are pretty 
large before the blossom goes off: and that in apples or pears, the leaves 
are one-third or half-grown before the blossom blows : so provident is 
Nature in making timely provision for the nourishing the yet emMyo 
fruit** A certain degree of dryness of air is requisite to promote the due 
transpiration by the leaves, for when too much moisture hovers about the 
plant, it hinders the Idnffly action of the leaves, ** whereby,** says Dl 
Hales, ^ the stagnating sap corrupts and breeds mouldy fen, which often^ 
spoils vast quantities of flourishi^ hop-grounds. This was the cas^ in 
the year 1733, when ten or fourteen days* almost continual rain fell, 
about the latter half of July, after four months' dry weather; upon which 
tho most fiottilihtng and promiting hops were all inflicted with moul^of 
fen m their leaves and while tiie then poor and unpromisiiig l^pfl 
escaped and produced plenty, because they being small did not pCitpira 
so great a quantity as tiie otiters." ^This rain on the then warm eartll 
made the shoot out as fruit as if it were in a hol»bed, and the applei 

grew so pedpitately, tibat they were of a very fladiy constitution, soitf 
to rot mord ipctnarhably tiian has ever been remembei^** 

hiike oourse of his em^ments upon the tranqpiratioii of 
their absoAiiig powers, Ha£bs endeavoufed, hut aiwagni 
success, to alter the flavour of their fruit by causiag them 
vanmis perfrunes. He placed a vessel upon a %ided 
so l&t it m%bt absoth iity frnid oontailiedin'Iii 
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ntnpliorated qpirit of wine, the whole bianoh of m apple-tree waa Idlled ; 
but, ihoQj^ apples hung sereral weeks afSterwi^, no alte&tkMBLof 
taste was perceiTed in them, though the smeU of camphor was strong in 
the leaf^stalks, and all other parts of the dead branch. DifiPerOnt per>* 
Eumed waters were absorbed by firuit-trees without injuring them, but 
they tailed to confer any peculiar flarour on the firuit. 

as Dr. Hauss’s experiments seemed to show, the transpiration of 
pfamt^ and the motion of the sap^ as well as the absorption from the soil, . 
depend upon the leares, it beo^e an interesting question to examine 
Aese points in eyeigreens ; and he found that Aey absoAed less and 
transpired considerably less Aan oAer trees; hence, ‘^the cedar of 
libanus, and Ae ilex or evergrein oak, grafted on an English oak, and 
<m a larch, were verdant all Ae Winter, Aough Ae leaves of Ae oak and 
larch decayed, and tall off as usual ; Ae tact being, that evergreens live 
and thrive wi A very little nourishment.** 

Having proved that trees transpire large quantities of matter, our 
auAor next endeavoured to collect and examine it: he caused the 
branshes and leaves to be enclosed in flasks and retorts ; he placed a 
large sun-flower under Ae head of an alembic, and thus procured what 
appeared to be pure water, very slightly tainted by v^table matter ; it 
seemed not to difier, Aough obtain^ firom different plants.** After some 
observations respecting the moisture and temperature of the earth. Dr. 
HaIiBS proceeds wiA experiments to determine Ae force with which trees 
imbibe moisture, and here he obtained some striking results. He exposed 
the roots of a pear-tree, and cut off the end of one, half an inch diameter; 
Ae stump was cement^ into Ae upper end of a tube twenty-six inches 
long, filM with water, and dipping at its lower extremity into mercury. 
The root imbibed Ae water so vigorously, that in six minutes^ time the 
mmeury rose eight inches in the tube. This experiment was made in 
August AnoAerexperiment, similarly contrived, in which a large branch 
of Ae root of an apple-tree was used, the diameter of its transverse section 
bring Aree-fourths of an inA, cau^ Ae mercury to ascend five inches 
in an hour. The coring of air-bubbles from Ae cut surface inter- 
fered wiA the rise of Ae fluid in these tubes, but it was observed that 
Ae mercury rose highest when the sun was clear and warm ; towards 
evening it subsided three or four inAes, and rose again the next day. 
It also subsided during rain. This experiment was made in May. 
When we consider, says Dr. Hales, that the power thus required to raise 
meieiiiy twelve inches, would raise water tldrteen tact eight inAes, we 
may form some idea of the power exerted by the growing vegetable. 

Dr. Halim was one of the first who noticed the influence of cutting a 
liiig of bark off Ae branA of a tree, or ringing, as it is now tecbnically 
ealB^ upon Ae growth of its fruit and leaves ; but instead of attributing 
its efl^ to an aocumulation of sap, Ae juice being prevented flowing 
downwards in Ae vessels of Ae ba^ he retars it to a lose quantity iff 
sqp Bsnmg, “ whence it is better digested and prqnred tar Ae nouriA- 
ment of Ae fruit/* he combats Ae notion of Ae sap circuUuing in trees, 
and imagines Aat it is often progressive at one time, and retrograde in 
another, in Ae same vessek 

Dr. Hales eoncludse^lna TegetaUe Statics, wiA an account of some 
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experimeato to prore tliat a conddenible quantity of air is inspiied by 
plimts, Sad with some obsenraiions on the growth of seeds and Tegetables 
generally. By cementing a branch with its leares, into a tube 
^pped feto water) he obsenred the liquid rise in the tobey in consequence 
of Ae absorption of the confined air ; and on putting a piece of the sten| 
of a birch-tree under the receirer of an air-^pump, he extiaicted abundance 
of air-bubbles from it during the exhaustion. He refisrs the first growth 
of a seed to the absorption of moisture, which swells it, and, as he thixdnu 
protrudes nourishment into the radide^ which soon becomes capable 
absorbing moisture from the soil ; the root, he says, by expand^, carriefl|| 
the seed-lobes upwards with the plume, where they expand into Idaxesi 
which are of such importance to the fend^ plume, that it perishes on^ 
their remoyal ; which renders it probable tlmt they do the same o£Eice to ' 
the plume that the leayes adjoining to apjdes, quinces, and other fruits, 
do to them ; namely, draw the sap within reach of their attraction. As 
the tree adyances in stature the different lateral branches shoot out, 
each lower order being longer than those immediately aboye them, not 
only on account nf but also because being inserted in 

larger parts of the nearer the root, they haye the adrantage of 

being senred with greater plenty of sap; hence arises the beautiful para- 
bolical figure of trees. But when trees stand thick together in woo^ or 
groyes, this their natural shape is altered, because the lower lateral 
branches bein^ shaded, they can transpiiw Utile, and therefore drawing 
Uttle nourishment, they perish ; but the top branches being exposed to a 
free drying air, they transpire plentifully, and thereby drawing the st^ to 
the top, they adyance mud in he^ht ; but i^ when sud a groye of tall 
trees is cut down, there be left here and there a angle tree, dat tree wiU 
then shoot out lateral branches ; the leayes of which branches now tran- 
spiring freely, wiU attract plenty of sap, on which account the top, being 
depriyed of its nourishment, usWly dies.” 

Such are the leading objects of inquiry which engaged the attention 
of Dr. Hales; and, if we consider the Uttle progress that had been pre- 
yiously made in pneumatic chemistry, we must allow that he much pro- 
moted that department of research : in his inquiries into the functions of 
yegetables he was at once original and acute, and laid the foundation of a 
yeiy useful and Curious series of inyestigations, which Dohambl, Andrew 
KNiGgXr«Bdi^^ haye pursued with so much suocem! 
int^Mme collatd^ ‘branches of inyestigation, the results of which am 
giyen in the Philoiophical Transaciumiy and are collected in the second 
yolume of his Essays ; but they are not of that importance to form ioj 
prominent feature in a general history of his discoyeries. 

When it is reooUec^ that Hales wrote at the commenoemfiiit of the 
last century, that there were then yeiy few models of sdmitific oompori^ 
tion extant that were worth copying, and that a pompous and obtcuie 
style of writing was yery preyalent among his experimental contompQK#« 
ries, we cannot but admire the penqpicuous and unadomed mannwr in 
which he details his foots end obserrattons: he has all the merit fibiAiR 
this respect belongs to Boyle, without his diffiounyeuess; andafUeaiM 
yein of sound and unaffected moraUty aocompaaies his e^gunlenh^aaiA 
leads him, whilst endeayouring to unyeU tiie mysteries ef KafoEpa, to dir^ 

b2 
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our attention with becoming modesty to the penury of man's wisdom, 
when compared with the admirable adjustmcDOi of causes and effects dis- 
coTerable in her lowliest works. 

Contemporary with Hales was the cdkbxated&gjUMX^ 

Iieyden, a man who laid medicine and cheiarntr/noa^U^ uMlgaiiSas i 
the fimmerby his successful practice and hsqppy method of instruction ; the 
latter, by diligently experimenting in some of its most difficult depart- 
ments. He prosecut^ chemistry," says Dr. Johmsom, ^ with all the 
ardour of a philosopher whose indus^ was not to be wearied, and whose 
lore of truth was too strong to suffer him to acquiesce in the report of 
others." Boerhaaye's original chemical investigations were nearly of 
the same nature as those of Hales: he experimented upon the gaseous 
products afforded by a variety of v^table and animal substances ; he 
attributed the elasticity of air to its union with fire, and considered its 
ponderable matter as susceptible of chemical combinations. In disclosing 
these views, he has certainly sketched an outline of one of the modem 
theories of combustion ; but he went no further, and was not more 
successful than Hales, in discriminating between common air and the 
various gaseous products that resulted from some of his experiments. 
His writings are enumerated in chronological order, in the masterly 
dcetch of his life, written by Dr. Johnson ; they have," says his 
biographer, made all encomiums useless and vain, since no man can 
attentively peruse them without admiring the abilities add reverencing 
the virtues of the author." His only Chemical work, entitled, Elementa 
Chemiasj was first published in 1732. It contains an useful essay on the 
History of the Science*. 


* Boerbaave was bom in December, 
1608, at a village Hear Leyden. Hedied 
in September, 1738. He was an emi- 
nent ornament of medicine, as well as of 
diemical science. His oration upon re- 
signing tbe office of Governor of tbe 
University of Leyden has been Justly 
enlogiaed by Johnson. (Life ef Boer^ 
heme.) He here deehures in tbe strongest 
terms (says bis eloquent biognipber) in 
ffivonr of eiq^rimental knowledge, and 
reflects with jnst severity upon those 
am^gn^t pbiknophers, who are too eesQy 
diqgastod with tiie slow methods of ol^ 
tamiiig true notions by firequent expm- 
Uicnti^aad who, possessed with too high 
aa opbion of thw own alnlities, rather 
diodseio consult their own imaghiations 
than inquire into natnre, and are better 
pieansd with the charming amusement 
of finmhig hypotheieetiian the toilsome 
dmdmj of maldug obserrations. 

The emptinem and uncertainty of 
all those qutenii^ whether venerable for | 


their antiquity, or agreeable for their 
novelty, he has evidently shown; and 
not only dedared, but proved, tlmt we 
are entirely ignorant of the principles of 
things, and tmit all the knowledge we 
have is of such qualities alone as arc 
discoverable by experience, or such as 
may be deduct from them by mathe- 
matical demonstration.** 

Boerhaave*B contributions to physic 
were large and valnahle. His Elemenia 
Chemim, of which a good translation, 
with notes, was edited in 1753 by t)r. 
Bhaw, he dedicated to his brother, who 
was intended for the medical profession, 
hut went into the churdi ; wliile Boer- 
haav^ who originally studied divinity, 
relinquished it for physio and chemistry. 
Alluffing to tins circumstance, Provi- 
dence** says he *^has chaaged our 
viowe and oonsioned yon to religiotts 
duties, wliile I whose talents were un- 
equal to hittfaer objects, am humbly con- 
tent with the profession of phyuc.** 



OF CHBMrCAt 1rHlL080f»ltY. 


§ IX. 

Thb luAties of Bla<« Bad BsyMi Ji. with a host of others, either for- 
gotten, or ecKpsed hy those emii^nt philosophers, occur in the division 
of histoiy at which we hare now arrir^ and which embraces its progress 
between the researches of Hales and those of Pbiestlet. Ghemistrj 
now assumed a more important and interesting aspect ; the fimts already 
collected began to be digested and arranged, and active measures were 
taken to embody the scattered materials that presented themselves ; to 
ascertain their relative value ; to reject those umfch were unimportant or 
useless ; and to select such as deserved to be ^prified with the title of 
standard authorities. Dr.Ji LACK"s researches^ of which I shall now 
endeavour to give a brief abstract, possess a two-fbld interest, for he not 
merely made important contributions to the facts of the science, but also 
established a new theory, connected with one of the most intricate of its 
subjects, h|^ 

Dr. jSmra Black was sprung from a Scottish ftmily, transplanted 
first to Ireland and then to France, where he was bom in 1728, on the 
banks of the Qaronne. When twelve years of age, he was sent for educa- 
tion to Belfast, and afterwards to the University of Olai^ow, where he 
entered upon the study of Physic, under the guidance of &at bright 
ornament of medical science, In 1750, he re- 

moved to Edinburgh; four years i^rmrds, lEe^ook the degree of 
Doctor of Physic ; and, in 1756, published his Espeiiments on Magnesia, 
Quicklime, and some other alk^ine substances, in the Phgncal and 
LUerarif Essays, In the same year, Dr. Ccllen having removed to 
Edinbuigh, Dr. Black returned to Glasgow, to fill the medical and 
chemical chair of that University, where he was received with open arms 
both by the classes and professors. In 1764, he brought ^ ideas 
respecting the combinations of heat with ponderable matter to perfection. 
Speculations upon this subject had occupied his mind during a consider- 
able period, but the difficulties of the inquiry, and the time necessarily 
consumed^in other professional avocations, had considerably intexfinred 
with the pursuit. In 1766, he was appointed to the chemical chidr of 
Edinburgh, an office which he filled wi& such talent, industry, and per- 
seterance, as not only drew an immense concourse of hearers to his class, 
but tended to confer upon chemistry a degree of popularity and imporl^ 
ance, which has been greatly conducive to its promotion and cKtensicik 
His discourse, ** says his biographer, Professor Robison, ** was So phfii 
and perspicuous, his illustrations by experiment so apposite, that hfs 
sentiments on any subject never could be mistaken ; and his instructions 
were so dear of all hypothesis or conjecture, that the hesafOr rested cm 
his conclusions with a confidence scarcely exceed in matters of his own 
experience*.’* In diort, Dr. Black, in his professorial capadty, wiil 


* Dr. Blsek*s character as a lecturer 
is given by his friend Professor Robison 
in the following terms s— "He endea- 

voured every year to render his conrses 
more plain and familiar, and toiUnatrate 


them by a greater variety of essampldi 
in the wiw of experiments. Ko mmi 
could perfeim these more nealty and 
successfully. They went dWtyt 
doudyandjudidoudyco^ 
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to oyeiy ptaiso, imd he coDtriboted the 

fonndatioB and the reputatioii Trhich the UniTemty bf fidixt- 

baigh has acqaued and mamtained. Nor was his pirate chanieter at 
rarieiice with his public excellence ; he was mild, amiable, and fond of 
eonrersation, whether serious or sp^re ; and he was not abore uniting 
to the highest philosophical attainments, most of the elegant accom- 
jplidiments of life. In his adranced age he often expressed a hope that 
he^ might not linger in protracted sicbess, on account of the distress 
Wiiieh^ in such cases, is suffered by attend^ friends; and his death, 
whidi happened in his serenty-first year, in November, 1799) is on this 
account the more remarkable. He ^tras taking some milk and water, and 
haring the cup in his hand, when the last stroke of his pulse was to be 
given, had set it upon his Imee, and in this attitude expired without the 
■mallest agitation.* 

^ The writings of Black, though few, are masterpieces of scientific 
composition. Newton was his modcL and he was the first who trans- 
ferr^ into ehemistiy the severe qrriem of inductive logic, which marks 
the productions of that great master of natural philosophy. ^ In no 
scientific inquiries, since the date of the Principia and Optics^ do we 
find so great a proportion of pure ratiocination, founded upon the 
description of common frets, but leading to the most unexpected and 
important results, as in the two giwd systems^ of Black/* Averse to 
all hypothesis, and aware of the multitudinous facts upon which a theory 
that is to stand firm must be founded. Dr. Black was unwarrantably 
dow in the formal public disclosure of his admiraMe researches. His 
tenets were fully and freely delivered to his pupils ; but he very rarely 
intruded upon the public as an author ; and his achievements in the 
philosophy of h.^t are chiefly developed in his posthumous works. 
This silence, ariring out of an overcautious modesty which marked all 
his proceedings, was hot favourable to the reputation of Dr. Black. 
Faulty and incomplete copies of his lectures were circulated among his 
friends and admirers, which afterwards reached the hands of those who 
demrved another name, and by whom they were not very honourably 
Employed. 

^ Wbm Dr. Black first entered the precincts of chemistry, there was 
a busy and acute controversy respecting the cause of causticity in earths 
arid aUralis; it was supposed by Stadl that the conversion of limestone 

eilt^iijshuig the point hi view, and never emanationof a gentle and degant mind, 
nicth thdi' eofficed .to this pnxpose. co-operating indeed with a most per- 
ha ecorned the quackery of a spicfioiis ewbition of his sentiments, 
idto#inaa, tl^ rixaplicity. neatness, and Dr. Black became a favourite leotiirer ; 
Efitgme tluhr were per- and many wm Indueed, by the report 

j^mied wes^^ Indeed, of his studenti, to attmid his ooorses, 

the evopy without having any part^mlsr rdish for 

thiijg chemical knowle^sa, Imt merely in 

this.impreasion order to be pleased. This, however, 

that cotttritmtedmaUyto theexteiri^ 

treat to hB hts s^ohm They were knowledge m Chemistiy. and it heoame 

not only hiatrwe^ (th^ knew not a frji^nahle part of the aocomplirii- 

delig^ted f aaid wiihoal any effort mew of ajwtteman»’**^Frefemf p> IL 
:to please, but sdely 1^ thq 
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into qokklime depended upon ite absoibing eertein igneous pastidei; bjr 
MAOftUEit*; and odmsi the chi^e was xefened to an acrid 

acid, contraeted in fire ; b j others, to nondescript saline particles. 
Dr. Bl/ok's notice appears to hare bUn drawn to tiiis inquiry, by the 
researches of Hoffman]: concerning the nature of magnesia: he found 
that when that'^Ul ess obtained by adding a mild alkali to sdlutionbf 
Epsom salt, it efferresced upon the addition of an add; but that if 
heated red-hot, it no longer efierresced, and moreoTer lost oondderaKy 
in weight, llie same £iet applied equally to Ume, and led him to 
believe, that that substance, instead of acquiring it s acrimony by the 
absorption of something from the fire, became caustic by the loss or 
cspulsion of one of its elements, in consequence of being heated. He 
then distilled some magnesia in a retort; but finding that thouf^ it 
diminished considerably in weight, the only visible loss it sustuned was 
a minute portion of water, he conceived the possibility of the escape of 
some gaseous matter ; and, on mixing omnmon magneda and an add in 
a proper phial, he collected a considerable quantity of a permanently 
clastic gaseous body : from chalk or limestone, and fiom the mild alkalis, 
he procured a similar gas, and he termed air. 

In 1764, Dr. Macbride, of Dublin, verified and extended these 
researches ; he foiflnhthat quicklime, after having been exposed to air, 

* Macquer was bom at Paris in 171j, f J. F. Meyer^s Ch&tmdm ve n tuke 
and died in 1784. He ranks amona the Mur nahem erkeanH^ diet wnffeloHihtm 
most eminent scientific Chemists of the halk$; der ekuHaohm und detfriicAm 
early part of the sixteenth century; MaierU, de$ aUeneinitm feuerwemUf 
and t^ugh involved in the errors of find der urtpr9inffMen 
the Phlogistic school, he has written Hanover, 1764. In this diasertatUHB, 
with mu<£ good sense and perspicuity thougbpuhUshed subsequently to Blacks 
on a variety of chemical subjects. His essay, the caustidty of the alkalis and 
most celebrated works are, the Siemens lime is referred to the absorption of a 
de Chimie Thiorique, Paris, 1748 ; and prinriple which the anthor esBs Co^ 
Siemens de Chimie Praliq3», Paris, 1751. Heum, or Aetdum pingue^ Between this 
He also published a Chemical Die- ^*ears 1780 and 1778, a great variety of 
tionary. The following is all his infor- dissertations were pulillimd in Gennaoy 
mation respecting the property possessed upon this question, some in support m 
by quicklime of rendering the;alkali8 X&ick's doctrine others in fovour of 
caustic. After desciiUBg the process, Meyer'S hypothstieal sbsurditieB. SSe 
he observes, but deoeUeqp^tion, QrmVi SpsiemmHmkes ffandbrneh der 
est de rdunir aveo le sel alcali fixd ce Oesanunien CAemie. HsUe^ 1784. § 487 * 
que la chaux a de salin et d'lcre.'*— —OAwro. Pkgs. Chem^ 1782. 

** On le combine avec la psrtie la pins { Hofibiaa was the most odebrated 
Acre, la plus subtile, et la plus saline de Chemical Physician of the ag& Hc^VUS 
la diaux."^*^ Nona u'entreprandroiis bom at Halle In Saxtmy, m 1888,'a^ 
point iei d'mqpUqner pourquoi le sel died in 1748. His writing wbidh svu 
alcali, que Ton combine aveo la dioox, voluminooS,amailsc In 174^ 

aoquiert une si grande cauaticitd. CeUe they weire eked oat by the Qeneveie 
quesHm nmu par^ une dee phe diHcaies bookaelleis info nine fouo vobrntea. t|a 
et dee plw ddkUee A feemi^ foUowIngarehis leadiiq^EhBayS fot^ 

qg^ela CMmte. Elfo tient k eelle dee mietiyi DMiriaihnes de ■ tf twiridifci 
propridtds akalinea; de la obanx, et on Ndirnm 

ne pent mhrea aspdrer de la r^fooudre, fom AfUlmmU,^De 
queqnand bn aaiuaoqnksurfonatu^ ■ jtrifW 

de cetto substance, beancoup plus de ^ 
lumlhres que nous ven avbiiskprfoeht? riaaiNa f*^f riirrr tThtotilinM 
Skmensde CMmie PraHgm, pp. 178, 188. oXnad-uL' ' •• • . 
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acMM the properly of effenrescmg, taxi^ fixed fiir mtiit 

earn in the atmoepliere*. He aleo explained the egeney of l^e'^ ae a 
manure, and intfodueed some important improyements into the art ef 
tannings 

In 1765» I>r. B nowimmo also threw out some coriotis hints upehthe 
same subject dMIlltliiication to the Bojal Society, printed in the 
Trm^acHoM for that year, he remarks, **that a more intimate acquaint* 
anSe with those noxious airs in mines, called damja^ might lead to a 
dncotery of that subtile principle of mineral waters, known by the name 
of their spirii/ that the mephitic exhfdations, termed ehoak^damp^ he 
had found to be a fluid permanently dastic ; and tint, from yarious 
experiments, he had reason to conclude that it entered the waters of 
Pyrmont, Spa, and others, imparting to them that pungent taste, whence 
they are called aciduke, and likewise that yolatile prkiciple on which 
their yirtues chiefly depend;** and in 1769, Mr. Lame remarked the 
solubility of iron in water impregnated with fixed air. 

I sh^ again haye occasion to xeyert to the nature and properties of 
^ed air, wMch engaged much'of the attention of Priestley, Layoisier, 
and other celebrated men, wh<^ labours are yet to be noticed, conse- 
quently we may pioceed to Black*8 researches on the subject of heat ; 
researches which are more exclusiyely his own, and in whidi he has 
displayed that acuteness and originally which haye giyen his name so 
h^h a rank in the annals of chemical science. 

In speaking of the experiments of Boyle, and of the inyestigations 
of the Florentine Academicians, two curiotis drcumsiances respecting the 
temperature of thawing ice and boiling water were noticed. It was 
stated, tiiat ice, during its liqueftction, retained an uniform temperature 
of 3SP; and that water, during its ordinary ebullition, neyer became 
hotter than 212^ ; hence the use of those fixed points in the graduation 
of thermometers. We haye now to examine the yiews which these 
phssnomena suggested to Dr. Black, and the ibsults that followed his 
Inquiries into their causes and effects. 

If a yessel of ice, of any yeiy low temperature, be brought into a 
warm room, or plac^ near the fire, or oyer a small steadily burning 
lamp, a thennometer placed in it will gradually rise to 32^ in the contact 
ci &e ice, and not higher, until the whole is melted. Then the tem- 
perature the ice-cold water will hefpn to rise, and if the lamp be 
continued under the yessel, it will go on rising till it attains the tem- 
perature of 212% when it again b^mes stationary, and remains so 
durhq^ the whole eyaporation. It follows therefore, ttot heat is concerned 
itt producing two series changes: That its first effect is to thaw the 
ice trithout eleyating the temperature ; and that it then raises the ther- 
mometer till ebullition takes place, after which it eonyerts the water into 
vapour, ui^out elevating eiAer its temperature or that of the vapour. 
Hence the fbUcwing partieuhur heads of inquiry suggested ihemselves:— 
1. As te Ihe ab$SrplwH of heat during the oonyersion of solids into 

* Mscbride*s ffrasHsimtsI fftiOfS} on the author. He was born in the 

VfH. The merit or tills peribnnaiice coany of Antrim in IW$ and died in 
inddeed the Unfvemly of G iS f WW to 177 ^- 
bestow the degree of Boelor of njrie 
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liqiildi^ uid of liquids into vapoonu 9. As to the epolution of heat 
duriul; wo conTOfso chonges ; namdijr) tbs condensation of Tupouxs, and 
congelation of liquids. 3. As to Ao quantity of tii^moiiietric heat 
absorbed and erolred in these different cases. 

4rhe disappearance of thermometric or sensible heai|||ABded to in 
thawing ice» takes place in all corresponding cases of liqi^p|bti<ni ; con* 
sequentljri a cold solid be mixed with a given weight the same 
substance hot, and in a liquid state, the resnlting temperature will notibe 
the mean, as would hare been the case if both portions had been in the 
liquid state, but will be consideTably below it, a portion cf the heat of 
the hotter body having been, as it were, consum^ in liquefyuig the solid, 
without affecting its temperature. Thus equal parts of water at 212^, 
and at Sff’, give on mixture the mean temperature of 122^. But equal 
parts of water at 212^, and of snow at 32^, give upon mixture a tern* 
peratttre of 52^ only, the excess of heat in tUs instance being concemed 
in liquefaction^ not in elevation of temperature. Dr. Black conmdered 
the lost heat as equivalent to about 1^° in the case of the lique&ction 
of ice; and among his experiments illustrative of this subject, the 
following may be selected as most relevant and simple: — ^Two similar 
globular glass vessels were filled with water, which in one was afterwards 
frozen ; and in the other cooled as nearly as possible to the same point: 
they were then carried into a room of a temperature of 47^, there being 
no other difference between them than that the one contained ice and 
the other water. In half an hour the vessel of water had acquired the 
temperature of 4(F;^ but in the otiier it required ten hours and a half 
to melt the ice, and raise the water to 40^. Now, as the access of heat 
was the same in both cases, and as this was at the rate of in half an 
hour, it follows that in twenty-one half hours, (the time required to 
thaw the ice and elevate the temperature of the water to 40*’,) it 
would have received 7 X 21 r=: 147^. The difference, ther^re^ 
between the increase of temperature in the ice, and water vessels, with 
equal accessions of heat, is 140% which will exjj^ress the quantity of 
sensible heat rendered latent by the operation of liquefiietion. 

As heat is thus required to convert solids into liquids, it fioUows, that 
in cases of sudden liquefiietion cold will ensue ; hence its production, 
during the solution of many saline bodies, and hence, too, the explication 
of the theory of freezing mixtures. And as lique&etion is a coding 
process, so congelation is a process in which heat is evolved. The 
freezing of large masses of water is actually a heating process to tlm^ 
circumjacent air. In the sudden crystalliiatiou of some saliiie solutioim^ 
heat is evolved ; and water, under certain circumstances, cooled to tight 
or ten degrees below its fieesing point, suddenly rises to BSP upon 
congelation. 

Bbving thus perspicuously disposed of the theory of eoiigelaticiu 
and lique&etion. Dr. Black turned his observation to the ph»noiqq|i|t^ 
attendwt on the fiormation of vapour, and there he was equally hngjgif 
in his inquiries*. 

* When we heat a large qoautity til opfKirt^ ti obaerring 
afluid in a vessel, in the ordfiimy man* ^nomena which ire wy lasliettiive. 
ner, by setting itona fire,we have sn I ItelhiidbgKaduaByli^^ 
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Brack meant to assume any of the merit which excldsiYely and iustly 
belongs to Mr. Watt ; for in the context, he gives him all praise for the 
originality of his invention; and, in his private correspondence, recom- 
mends him particulariy to assert, clearly and fully, his sole riglSt to the 
honour of Ae improvements of the steam-engine ; and, further, in a 
written testimonial given by Dr. Brack to Mr. Watt, on the occasion of 
a trial at law in 17979 connected with a piracy of one of his inventions, 
after giving a brief account of it, he adds, Mr. Watt was the sole 
inventor of the capital improvement and contrivance above-mentioned*.'* 


* This may be the proper place to 
show in what Wiethe views of Dr. Black’s 
Theory qf lAMtent ffeaiim comieeied with 
the improvements of the steam-engine, 
a snbject upon winch I must necessarily 
be brief, as only in part belonging to the 
object of this Ifistoiy. The Marquess 
^of Worcester is commonly regarded as 
* the inventor of the steam-engine, but his 
claims are not well authenticated. It is 
tme^ that, among the Utopian schemes 
to be found in his Century of Inventions, 
there is a dark deecriptiqn of a method 
of raising water by steam; but we can 
scarcely see how this was effected, nor 
are there any data recorded of the suc- 
cess of the contrivance. Be this as it 
may, he who barely and obscurely hints 
the possibility of an undertaking, cannot 
be regarded as forestalling him who suc- 
cessfully carries it inti execution; and 
ti m first p erson who, upon decided evi- 
dSne^ cdfiVtmcliiil'Rh" ^nufff"g 

water by the altemate force and oonden- 
iatfon if s t e a m, was Ci rotMnn5 svary.--> 
wbd*l]sar ^bllriked^*an a&oi^'Trf bis 
mvention in a small tract called the 
Mkier^i Frknd, Toenterintoadescrip- 
tiou of this instrument would bo irrelative 
to my present purpose; I, therefore, pass 
on to that of Newcomen, who, in 1705, 
obtained a patent fofra improved steam- 
engine. It consisted of a bdler having 
a cylinder |daeed upon it, in which was 
a srad plunger connected by its rod with 
a beam and lifthig-pamp. The phmger 
was elevated by the elastic force of steam 
admitted from the boQer. The steam- 
cock bcii^ dMcd,a8ittan stream of cold 
water was suffer^ to nm into the <y- 
linderj hy whidi the steam was oon- 
deossd; Ihepremoreof the atmosphere 
then setii^ Upon the surihee of the 
phuiger, Imed it to the hottom of the 
evUnder, whence it waasgain mlaed hy 
the rfHidmiarioB of ateam, and ao on. 
In 17179 M r. Henry BahAt on became 
an improver^ ihd sieaiS-eiSm t hawse 
probably the first who caiuM the steam- 


cock to be opened and shut by the me- 
ohinery ; fora man was obliged to attend 
Newcomen's engine for this express pur- 
pose. A few other improvements were 
made by different persons, but they did 
not affrat the general action of the en- 
gine; Gie steam was alternately admitted 
into, and condensed in the main cylinder ; 
and although defects in its power liad 
been noticed, their cause was unknown 
nntil 1755, when, happily for the pro- 
sperity of the arts and manufoctiires of 
this country, the subject engaged the 
keen ingenuity of Mr. Watt, llic model 
of a Newcomen's engine feU into his 
hands to be repaired, and in this he pre- 
sently observ^ the immense loss of 
steam occasioned by its admission into 
the cylinder just cooled for condensation ; 
indeed, he went so far as to ascertain, 
by experiment, that half the steam of 
the briler was thus lost For, having 
constructed a boiler which sliowcd the 
quantity of steam expended at every 
stroke of the engine, he found that it 
many times exce(*df^ that which was 
sufficient to fill the c^’liiider. But the 
circumstance that excited his greatest 
surprise was, that the injection water 
gained infinitely more heat than if a 
quantity of boiling water, equal to that 
required to form the steam, had been 
added to it. It was probably in this 
dilemma that be consulted Dr Black; 
and the explanation of the difficulty will 
he obvious from the facts detailed in the 
text To avail, himself, therefore, of 
the whole power iff the steam, ft heeme 
ahaolutely necessary to keqpup the tem- 
peratnre of the cylinder constantly al 
the boiling point of water; this he was 
enabled to attain, connecting with it 
another veml, exhausted of air, and iro- 
meraed in cold water, into which, when 
oemtnniiioated with the cvlinder, the 
Steam, being an elaatic finid, instetly 
mshesaadiieoiidemped; aa^oneloring 
iii eomiexion with the qrnnder, the 
•team again admitted there, now operates 
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Mr. Wat^b (Mfital improvement^ above alluded to, consisted chiefly 
in condenling in a separate vessel, ai^ was adopted before he had any 
clear notion of Dr. BiiApK*8 iavest^tions; or at least the mein, experi- 
ments ap#n which this improvement hinged were previously undertaken. 

» Jt must be observed here, that Mr. Watt made a variety of curious 
investigations upon the subject of steam, and of the capacity cS bodies for 
heat (a subject first inquired into by Dr. Black, in ^ themselves 

highly important; but these, and his other mecha^qal and chemical 
researches, have been obscur^ by the magnitude of 1^ inventions and 
discoveries more immediately connected with the perfection of the steam- 
engine. 

If the suspicion of jealousy, of want of candour, or of any deviation 
foom the strictest veracity, could^ by any possibility, attach to either of 
those British luminaries whose labours we have been adverting to, it 
might be worth entering into such details as would more distinctly unfold 
their respective claims; as it is, however, I trust the shortallusion made 
to the subject, while it places the assertions of the one in their proper 
light, will sufficiently vindicate the exalted merit and indisputable origi- 
nality of the other 

To Mr. Watt's character, in relation to the public, and as a private 
individual, it is more than difficult to do justice, for the combined elo- 
quence of the different writers who have attempted it has only feebly 
depicted the influence of his talents upon the state of society; anlstill 
less has it succeeded in the more ffifficult portraiture ei the man^ 
occupied in the ordinary duties of life, and in the unsuspecting inter- 
course of social converse. Such, at least, is the impression which I feel 
upon looking over the different biographical sketches that have lately 
appeared. bV my own part, 1 consider myself as highly fortunate in 
Imving occasionally enjoyed the society, and profited by the information 
of one, who, without exception, may be considered as the most eminent 
benefactor to his country; and I should have attempted to have gleaned 


with full force, and suffers no fiirth^ 
condensation. To cany off the water 
from the second vessel, which he calls 
the eondeniCTy and to perpetuate the va- 
cuum, Mr. Watt attached to it a pump, 
by which both the lur and oondens^ 
water are removed. The engine thus 
altered produced the same power aa one 
of equal dimensiona on Newcomen's plan, 
with rather loss than one-third the quan- 
tity of steam; hence was a considerable 
hinderanee to the use of the engino ma- 
terially diminished, namely, the expeose 
offoeL' 

But great as was this improvemeut^ 
it forms a small part of the saooass- 
fill achievements of Mr. Watt in this 
department of meohanicst ha amended 
the apparatus for boring the oylinders, 
and in^ved every part of the working 
gear of the engine; and he infinitely ex- 
tended its applications and utilityi by 


applying the power of steam to produce 
motion round an axis; but their ennme- 
ration would lead me out of the bounds 
of chemistry. I, therdbre, hasten to the 
invention which may be said to have 
perfected the steam-engine. Steam had 
hitherto only been used to Ibroo the 
piston down,— it was returned by a 
weight attacM to the other end ei th«C 
beam. Mr. Watt, in 1782, oonstroded 
an engine in wMch steam waa used to 
elevate as well as to depress the piston^ 
an alternate vacunm bring formed above 
and brio w it, by the oondMM, as hefine. 
An engine upon tids plan, exeeuted 0 
Mr. Watt'U mannfimtery, at SoImi^ as|g^ 
Blfininglisin, was first emiaoyed at thi 
AlUon Mllb, near BlackfHam*«MiS 
London, in 1788.* , 

An excellent ricsteh of the bMMr it 
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» few pirticiiwta wlatiw to Uo 
iteioifSy^ W I iiot» in loddng into a produiciiod oft “ tha 
A^aihor of Wawloy* diaoOTmd a skeldi of his. ohaxacter^ which leo^ 
one to lament that Ae same pencil is not more fire^iiently employed in 
sndi and induces me at once to cancel all that 1 had«€i4* 

kcled upon the subject ^ He was a man^’* says ^t writer, ** whose 
genius discoTcred the means of multiplying our national resources to a 
degrse, perhaps even beyond *hi8 own stupendous powers of calculation 
andoombination; bringing the treasures of the abyss to the sur&oe of 
the earth; giving the feeble arm. of. man the momentum of an Afnte ; 
commanding manu&ctures to arise, as the rod of the Prophet produced' 
water in the desert ; affording the means of dispensing with toat time 
and tide which wait for no man, and of sailing without that wind which 
defied the commands and threats of Xerxes Itimself. This potent com- 
mander of the elements, — ^this abridger of time and space,— •this magician, 
whose cloudy maehineiy has produced a change on the world, the eflects 
of which, extraordinaiy as they are, are perhaps only now beginning to 
be felt, was not only the most profound man of science, the most successful 
combiner of powers and calculator of numbers, as adapted to practical 
purposes ; was not only one of the moat generally well-informed, but one 
of toe b^ and kindest of human beings. In bis eighty-fourth year his 
attention was at every one's question, his information at every one's 
/command.'' No individual in his age,* says another, and equally able 
writer, possessed more varied and exact infonnation. He bad infinite 
quickness of apprehension, a prodigious memory, and a emrtain rectifying 
and metoodirii^ power of nnderstanding, wUch extoacted something 
iwedons out of a'l that was presented to it His stores of nnscellaneoru 
knowledge were immense, and yet, less astonitoing than the command he 
had over them* His conversation had all toe chewms of fiuniliarity, with 
all toe substantial treasures of knowledge. With this philosophical 
excellence of obaracter, be it never forgotten that Mr. Watt conjoined 
toe higher duties and more exalted attributes of sineore, but unaffected 
pi^. Expressing his gratitude to Providence for that length of days 
and exemption fiom infirmity which rendered the evening of his life 
cheeifUi imd serene, he yielded up his soul in the calmest tranquillity, 
and passed, without pang or stro|^e, from toe bosom of his fe^ly to 
toatc^hisGodr 

§ X. 

Iv is not perfectly in dironological order, to proceed in the present Section 
to ihe discoveries of 1^. and yet they are so numerous and 

iiQporto&t^ tool it will Wdifficuittcrcoritintte toe history of ehemi^ 
hktime, iritooi^ to their ehjeets and results. I shall, therefore, 

endeavemr to gite toe reader some insight into the nature and bearings 
of his 

Hr. Pniama^^ fixice was directed npbnPfieumatio Chemistry. 
We hate seeil what may be termed toe materials fiar too foundation of 

* Bem at tUUhmif Wm iMhb i d|ri hi Peonsylvaiiia, lOM. 
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this bnodirf falNrkdge, ta tiba woiks of Mayow and Hookb; it waa 
piimad»tuiivalmte also brandy with Imt^ imfbrtiinate 

in mtihar a deanltoij ityle, by Hales ; PbdsbtIiEY directed his attention 
to it witba degree of aetifity and sIdU then peculiarly his own; and, in 
the emmber of his discoreries, left his contemporaries fiw in the back* 
ground, while he certainly riralled them In their interest and importance; 
and this is the more surprising, when we reflect that his philosophical 
studies seem generally to hare b^n considefed as subordinate to his mose 
serere and serious occupations. He first turned his attention to chemistry 
about 17ti8 ; he used to amuse himself with experiments on fixed air, 
and artiikial mineral waters, and one experiment, as he says, leading to 
another, he soon collected those materials which he laid before the Royal 
Society m 1772, under the title of Ohservaiknu ofi differ^ Kinds of 
Air. With what zeal and success he prosecuted this subject, will be 
seen in the sequel. 

The apparatus which is now used in the chemistry of gaseous bodies, 
is almost entirely of Dr. Prustlby's inrention. The water-trough, with 
its sliding shelves and moveable supports for inverted jars ; the methods 
of siibjecting animals and plants to the action of different kinds of air; 
the mercurio-pneumatic appamtus for coUectinggases absorbable by water; 
the means of measuring and weighii^ gases, and of subjecting them to 
the action of electricity, are only a few of the contrivances for which we 
are principally indebt^ to Dr. Priestley; many others, employed by 
Mayow and Hales, were by him perfected or improved. 

In his earliest experiments on fixed air, and on air tainted by com* 
bustion and respiration, Dr. Pribstley has announced many highly 
interesting and new facts ; but the discovery that takes precedence of the 
others, and upon which his feme has been chiefly, though not quite justly, 
founded, is that of Oxygen Gas, or, as he termed it, DepUogisticat^ 
Air. 1 say not quite justly, because its brilliancy and importance have 
been suffer!^ to overshadow many of his other original investigatums, of 
which we hear but little, though their aggregate influence upon the sub- 
sequent progress of chemistry was most dir^ and important ; but the 
fact is, tliat Dr. Priestley jiving opened, as it were, a new and rich 
mine in the science, found therein such abundance of treasure, that he 
was able to do little more than bring it to the suriace, where it was soon 
pillaged and carried off. 

iJephlogisticated Air was discovered by Dr. Pr iestley on the 1st of 
Ang y^ 1774 ; the method of experiment^ which he odoptSd^^ oofl^ 
sisted in exj^ng a quantity of Red Precipiiaie of Mercurg to the action 
of the snn*8 rays concentrate by a burning lens; the red preciptate waa 
con^ned in a small flask, filled up with quicksilver, and inverted in a 
basin of the same metal. ** I presently found,** he says, that by means 
of this lens air was expelled fimm it very feeOy. Havii^ got ssFavak 
times as mudi as the bulk of my mateiii^ I adniitted water to «vii4 
found that it was not imbibed by it. But what surprised me • 

I can well express, was, that a candle burned in thfa air with n mMidb- 
able vigorous flame, very much like timt yritil lAUkM* 

candle bums in nitrons air exfoeoi to iron or liver of as 1 

got nothing like this remaihi^le appeanmee fhmi ai^ kfaiA 
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thiaparticuli^^modification of nitrous air, and I knew nitrous^WBd was 
IMled in the prqpaiation of the mercurius calcinaiusy 1 was utterly 
loss how to account fer it V ''Red Lead, and seyend other substances, 
anun^ whicB^is enumerated NUre^ are also shown by our Author to 
aftad o:qrgen at a xedliOat; and here I may be allowed to adrert te the 
wugular Si^^ty diq^yed by Hooke in his notions already quoted, 
rapectiiig Se constitution of salt, and its nitro-atfiial particles ; and 
to remiiid ^ reader how reihazkably hie surmises have been yerified by 
PRiBBTurr;'fitar^ upmi turning^ ta those j^es" of the Micrograpkiaf in 
which tto theory of combustioh is explain^, we cannot but admire the 
penetration widi which the presence a body possessing the qualities of 
osyi^n. is 'Anticipated, though^, die experimental demonstration of its 
oistUDce WAe not- adiieyed till the middle of the succeeding century. 
To Matow we* might pay a similar tribute of applause ; but, in can- 
yasnngihe dis^yeiies of Latoisiue and his associates, a more fiiyourable 
Ofqmrtnnity will oSex^ of placing these matters in their true light. 

The nitrous air expo^ to iron,** alluded to in the preceding paragraph, 
is the gas now called Nitrous )[^de, which Dr. Priestley also dis- 
coyered, though he but imperfectly inyestigated its properties. 

The next remarkable Circumstance ^yerted to by our author in 
respect to dephl<%isticated air, is its action upon nitrous gas, mixed with 
wli^h itoccasio]^ a mubh more considerable diminution than atmo- 
s^eiic air ; and, as the fitness of air for respiration appeared coimected 
with the al^rption thus produced, it was inferred, that it would support 
respiration, an iilference which the Doctor soon yerified, by placing a 
mouse in a jar of the dephlogisticated air, in which it liyed half an hour, 
diough, by preyious trials, he knew that it would only lire a quarter of 
an hour in Ae same bulk of atmospheric air. 

In the obsenrations connected with these experiments, Dr. Priestley 
enters pretty much at length into the theory of the production of dephlo- 
g^calM air; but I shall not follow him into these yiews, as they arc 
not yeiy consistent with facts, nor eyen plauribly applied to them : he 
hints, howeyer, at seyeral ns^l iqpplicatioiis of oxygen, and especially 
recommends it fisr the prodnetion of intense heat, by directing a small jet 
of it upon a piece of bunung dbavcoal. 

Among riie many and ingenious inyestigations of this Philosopher, 
none haye produced more pkasing subjects cl inquiry than those relating 
to the influence of y^getation upon air contaminated by combustion, 

* The Ibllowh^panaiapl^ with wb^ cftoiics, that i% phUescqiliioalfy 
Dr. PriesU^ prraioes mssccoimi of the to the otiseiyamm of essafo ariiinpfram 
^A e orary m depUogMoaled air, pre- tmknawn than to any proper 4e- 
aittisapictiireof hbiiiiiid Snre^^ rign or jmcmiceiyed 

tlwei^efhiiownresearoliee. nem. Ihis does not appear in the works 

^TheiMAitsatsefthisseetiQnwiUfi^ of those who write wpnthtHMp upon 
aiib a illiistmtioB of the these saljeot^ hat woidd, 1 Mat net, 

imib of a wU^ Mpeeryeiystrikhii^y intlHM 

titfa W M W made hi my phfVwT ph k wl tiie uMst ow eb tated mr their 
WiriMhgA and tfiddi eaa hardly te too ed seamen, did thMr write 
eftei . wp s el e A ip it lends greatly to and hipmaoiislj^** (Aijl sad Ola, wm 

ywry setsayipjs owBig to What we esu 
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respixatipii^ and the putrefaction of animal matter. Finding that ahr was 
not sailed by the* growth of a sprig of mint kept in it for some moiiths, 
he thought it possible that the process of regetation might restore the ; 
air injured by burning candles ; and, accordingly, on the 17th of August, I 
1771> he put a sprig of mint into air in which amax cap^ had burned 
out, and, on the 37th of the same month, found that another candle 
burned perfectly well in it ; and then, to rerify the conclurion, he divided 
the injured air into two separate portions, putting the plant into one of 
them, and merely leaving the other standing over water ; he never failed 
to find, that a candle would bum in the former, but not in the latter. 

This restoration of air,** says Dr. Priestley, I found depended upon 
the vegetating state of the plant ; for thohgh I kept a great number of 
the fresh leaves of mint in a small quantity of air in which candles had 
burned out, and changed them frequently for^a long space of time, I 
could perceive no melioration in the state of the air. This remarkable 
effect does not depend upon anything peculiar to mtii/, for I found a 
quantity of this kind of air to be perfectly restored* by sprigs of 
Groundsel, spin<ach, and some other plants, were used with like effect, to 
show that it did not depend upon aromatic eSuvia. In Dr. Priestley's 
Observations on Air ir^ecled with Animal Respiration and Putrefaction^ 
a multitude of other facts are adduced to demonstrate its renovation 
when exposed to growing v^etables, and he is thus led to the ToUpwing 
general remarks upon the subject. These proofs of a partial restora- 
tion of air by plants in a state of vegetation, though in a confined and 
unnatural situation, cannot but render it highly probable, that the injury 
which is continually done to the atmosphere by the respiration of such a I 
number of animals, and the putrefaction of such masses of both vegetable I 
and animal matter, is, in part at least, repaired by the vegetable creation; 1 
.and notwithstanding the prodigious mass of air that is corrupted daily 
by the abovementioned causes, yet, if we consider the immense profusion 
of vegetables upon the face of the earth, growing in places suited to 
their nature, and, consequently, at full liberty to exert all their powers, 
both inhaling and exhaling, it can hardly be thought but that it may be 
a sufficient counter-balance to it, and that the remedy is adequate to the 
evilV 

In the year 1778» Dr. Priestley resumed this investigatioiL and 
verified his main conclusions by new and satisfoctory experiments ; he*' now 
found, however, that it was necessary for their success, that the planlo 
should be in a state of healthy and natural vegetation, and that all plants 
were not equally efficacious, some indeed appearing rather^ deteriorate 
than improve the contaminated atmosphere. About this time, too. Dr. 
Priestley made the capital discovery of the evolution of oxygen by 
aquatic plants, growing in water containing carbonic acid; that Ae pre- 
sence of light was necessaiy to this change ; that in sunshine it was most 
rapid; that it was in great measure independmit of warmth; and, lail||V 
that the bladders of some kinds of sea-weed (Jucus vesicnlonts)^ cAta 
contained air purer than the atmosphere. Tllfi W 

contained in water, requisite for the respiration of fishsii 
counted for; and the circumstance of foihes and most ofwr iquntie 
* PaixsTLSY on Air, vol. I, p. 93, 9d editloii, IJBL 
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animals being unable to live for any time in pure water, though^ ei;|N)sed 
to air, satisfactorily explained. 

By his contrivance of receiving gaseous fluids over quicksUver, Dr. 
Priestley was ?able to collect and examine a number of new aeriform 
products, absorbable by water; and in these inquiries he was eminently 
successful. Mr. Ca j;endi8H, in endeavouring to get inflammable air from 
a mixture of cop^r a^ sjniit of salt, obtained one that lost its elasticity 
on the contact of water. “ I was exceedingly desirous,” says Dr. Priest- 
ley, “ to become acquainted with it, and therefore began by making the 
experiment in quicksilver, which I never failed to do in any case in which 
1 suspected that air might either be absorbed by water, or in any other 
manner aftected by it: and, by this means, 1 presently got a much more 
distinct idea of the nature and effects of this curious solution.” lie then 
goes on to show, that this singular gas is derived from the acid, that it is 
very absorbable by water, and that common Spirit of Salt is in fact an 
aqueous solution of it. His next discovery in this department, was that 
of an alkaline air from a mixture of lime and sal-ammoniac; it also 
ivas absorbed by water, forming ^ volatile spirit of sal-ammoniac, much 
stronger than that procured by any other means.” He now thought, that 
by adding the acid to the alkaline aii^ he might possibly produce a neutral 
air, but immediate condensation ensued, and sal-ammoniac was deposited,. 
What is now termed gu jphurnMg or by Dr. Priestley Vitriolic. 
Acid Air, he also discov^ed; he obtained it in various ways, but chiefiy 
bydieatlng mercury with oil of vitriol ; he examined many of its com- 
binations, and inquired into its action upon a variety of bodies *. 

1 believe 1 have now enumerated the principal discoveries which 
Dr. Priestley may claim as original ; and, in importance, they are second 

* The notice of this discovery enables ; liberal spirit by which tlmt noblenmn is 
me, by the insertion of the following ex- | distinguished, he has a complete nppa- 
ttact from his Hutory of VUriolie Acid 1 rains of philosophical instintnents, with 
Air^ to show the candour and exactness I eyery other convenience and assistance 
with which he acknowledges the hints, for pursuing such pliilosophicul, inquiries 
assistance, and discoveries of others as any of liLs numerous guests sliall choose 

** My first scheme was to endeavour to entertain themselves with. In this 
to get the vitriolic acid in the form of agreeable retreat, I mot with that emi- 
air, thinking that it would probably be nent philosopher and chemist^ M qpslcur 

to confine it by quicksilver, for, as Montig nij. Member of the Royal Aca dc- 
to the nitrons acid, its affinity with quick- 

i^verissogmt that Idespdredof being mm upon the subject, he proposed our 
aUeto confine it to any purpose. I, there- trying to convert oil of vitriol intova- 
fenre, wrote to my fiiend Mr. Lane to pro- pour, by boUing it on a pan of charcoal 
cure me a quratity of volarile vitriolic in a cracked phiaL This scheme not 
acidl,*’ Ac. Seeing Mr. Lane the winter answering our purpose, ho next propoe^ 
following, he told m^ that if 1 would only heating it together with oil of turpentine, 
heat any oily or greasy matter with oO Accordingly, we went to work upon it, 
Of vitriol, I chould certainly make the and soon produced someldnd of air,c(m- 
veiy thiiig I wante^ vis., the volatile or fined with quicksilver; but our recipient 
sulphureous vitriolic acid; and, accord- being overturned by the suddenness of 
bi^y, 1 meant to have proceed^ upon the production of the air, we werenaablo 
this hint, but was prevented bim pur- to catch any more than the first produce, 
suing it by a variety of engagements. which was little else than the common 

"Some lime after this 1 was in com- air which had lod^d on the surffice of 
pany with Lord Shdfmriiey af the seat the liquor, and wileh appeipud to be a 
of Mons. Tntdaiiie, at Montigny, in HttlepMoj^ioaled l^ its not being mu^ 
fVanoef where, with that generous and affectkl liy a mlxtnre of nitrous air.** 
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to none tfiat had been previously made^ and barely inferior to those that 
have adorned the later progress of chemistry. We can scarcely call him 
the founder of Pneumatic Chemistiy, after perusing the works of Hales 
and Black; but he achieved more in that new department of the science 
thaif any of his predecessors or contemporaries; and though on some 
points anticipated, his claims to originality are on others quite unequivocal. 
He cannot be called the discoverer of Nitrous Gas, for it is noticed by 
Mayow ; yet, he developed its principal properties, pointed out its useful 
eudiometrical applications, and showed many new modes of obtaining it. 
He has been stigmatized as a defender of the unintelligible system of 
phlogiston; and he did defend it with unpardonable pertinacity*; but 
^hen we reflect that equally erroneous theories have been as warmly 
espoused in our own days by men who in no respect are to be considered 
as inferior to our author, we must not impeach his discernment upon so 
flimsy an accusation. When we consider his numerous, and, as it were, 
incompatible occupations, and remember the many channels into which 
his exertions were occasionally directed, we presently detect the source 
of that wavering of opinion and unsteadiness of research which his philo- 
sophical pursuits display. His experiments were almost always submitted 
to the public in a crude and undigested form, for he had no time to build 
them into theories, or to concoct them into generalizations; and it is 
perhaps as well that he had not, for the bent of his mind was evidently 
such as to shine in experiment rather than argument. 

The constitution of the atmosphere was one of the many inquiries 
that engaged Dr. Priestley's diligence, and that was made out during 
the period of his activity t. InJTTSjJpr. Rutherford demonstrated the 


* Dr. Priestley's last publication is a 
tract, wliich appeared ^ter his retire- 
ment to America, in 1800. It is entitled. 
The DoctfijM of Phlogiston estaUished^ and 
that of the Composition Water refuted. 
It oontains a variety of iniscellaneous 
observations on the phlogistic and anti- 
phlogistic theories, but it would be use- 
less to follow the author into Ms unsub- 
stantial si>ecuIations on these subjects. 
He has, however, tlux>wn out some im- 
portant coi^derations relating to his 
claims of originality as the discoverer of 
dephldRifitioated air. Tho following pa- 
ragraph appears of sufficient importance 
to be transcribed* ** Now that I am on 
tho subject of the r^ht if diseooeriesy I 
will, as tbe Spaniards say, leave no ink 
of Iffiis kind in niy inlchom ; h<q»iiig it 
will be tho last time that I shall Imve 
any occasion to trouble the public about 
it. M. Lavoisier says (Elements qfChe^ 
mistrg^ English translation^ p. 86), * this 
species of air (meaning dopmogistacated) 
was discovered almost at the same time 
by Mr. Priestley, Mr. Soheele, imd 
myself.* The case was this t— Having 
miide tho discovery some time before 1 

was in Park in 1774, 1 mentioned it at 


tbe table of M. Lavoisier, when most of 
the pliilosophical people in the city were 
present; saying, that it was a kmd of air 
in which a candle burned much better 
than in common air, but I had not then 
given it any name. . At this all tlie com- 
pany, and M. and Madame Lavoisier as 
much as any, expressed great surprise; 
I told them I hiri gotten it from preei^ 
pi/ate per se, and also from red leofi. 
Speaking French very imperfectly, and 
being little acquainted with the terms of 
chemistry, I said p/omB rouge, which was 
not understood tiU M. Macquer said, * I 
must mean miiiiioii.* Mr. Scheele's dis^ 
covery was certainly independent of 
luine^ though I believe not made quite 
so early.’* P. 88. 

+ The aijrionts appear to have re-» 
gardod air wHan ultimate principle of 
matter. Th» Lucretius, — 

A«im nuoe Mar dkam, quid oorpon toto 
Innamersbltttor prkvis muutur la horu: 

Sswper •nioi, qaMquomqua Sait da nbttAidowM 
Atrif la auunuai Mur nuia. qul attl oMUim 
CoiiMm iKdboat rebus, reorceUiad SamiMi, 
OnaU leiiulttka fbreal. tt la nwa edirtii; 

Haad H^ur eemt gigbl da tabai, at la rw 
Eecideia MfldBa. cawaUm Sasw waaVi caaslat. 

Renm Eatma, UhV. a. S7A 

r 2 
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existence of a peculiar elastic fluid in atmospheric air, differing firom fixed 
or mephitic air, and yet, like it, extinguishing flame, and unfit for respi- 
ration*. This component part of the atmosphere was, hy Dr. I^iestley, 
called Phlogisticated Air; and he showed that when mixed with nitrous 
gas, it suffered no diminution; but, on the contrary, that dephlc^stiteted 
air, on the same admixture in due proportions, was almost entirely 
absorbed over water; hence the method Wore noticed which he intro- 
duced, of ascertaining what was termed the goodness of atmospheric air, 
by the degree of absorption exhibited upon a certain admixture of nitrous 
gas, oyer water. 

It was for his yarious discoveries, and more especially those relating 
to the physiology of vegetation, that the Council of the Royal Society 
honoured Dr. Priestley by the presentation of Sir Godfrey Copley’s 
medal, on the 30th of November, 1783t. 

Sir John Pringle, who was then President, delivered on this occasion 
an appropriate discourse upon the different kinds of air, in which, after 
expatiating upon the discoveries of his predecessors, he points out the 
especial merits of Priestley's investigations. In allusion to the purifi- 
cation of a tainted atmosphere by the growth of plants, the President has 
thus expressed himself: — 

From these discoveries we are assured, that no vegetable grows in 
vain; but that, from the oak of the forest to the grass of the field, every 

* ^^SedAersalabrisetpumSjnonmodo which the experiment related, was first 
respiratione animali ex parte fit mephi- introduced by Mr. Martin Folkes. The 
ticus, sed et aliam indoUs sa» inutatio- discourses, however, wliich he and his 
nemindepotitur. Postquam enim onmis successors delivered, were very short, 
aer mephiticus ex eo, ope lixivii caustid and were only inserted in the minute- 
secretus et abductus ftierit, qui tamen books of the sodety; none of them had 
restat nuUo modo salubrior inde evadit, ever been printed b^ore Sir John Pringle 
nam quamvis nuUam ex aqua calcis prm- was raised to the chair of the sodety.— 
dpitationem faciet, hand minus quam Clialmers's Biographical DictUmarg , — 
antea, flammam et ritam extinguit.’* Life of Pringle, 

t Sir Godfrey Copley originally be- Dr. Franl^, in a letter upon the sub- 
qneathed five guineas to be given at ject of these discoveries to Dr. Priestley, 
each anniversary meeting of the Royal has expressed himself as follows:— 
Society, by the determination of the Tliat the vegetable creation should 
PresidentaodCoundl, to the person who restore the air which is miled by the 
had been the author of the b»t paper of animal part of it, looks like a rational 
experimental observation for the year ^tem, and seems to be of a piece with 
past In process of time, this peonni^, the rest. Thus, fire ptnrifies water all 
inward, which could never be an im- the world over. It purifies it by distil- 
portaat consideration to a man of en- lation when it raises it in vapour, and 
laiged and philosophical mind, however lets it fall in rain; and further still by 
narfow'his dreumstanoea might be, was filtration, when, keeping it fiuid, it suffers 
dianged into the more liberal form of a that rain to percolate the earth. We 
gold medal, In which fonn it ia become knew before that putrid sub- 

a tmly honomable mark of diatinctioo, stances were converted into sweet 
and a just and laudable object of ambi- tables when mixed with the earth and 
lion. It wai^ no donbt, always usual applied as manure; and now, it aeema 
wil% the Preaidefits, on the deliveiy of that the aame putrid aubitanoesy mixed 
the medal, to pay some compliment to with the air, have a aimilar ^ech The 
thegenttemanonwhomitwaslMatowedt strong thriving stale of your mint, in 
Imt the custom of making a set ^eeeh imtrid air, seems to show that the air is 
ea the occadon, and of antering into the mepidied by taking aometyng fri>m it, 
history of that part of pUiosophy to and not by adding to it. 1 hope this 
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individual plant is serviceable to mankind ; if not always distinguished 
by some private virtue, yet making a part of the whole which cleanses 
and purines our atmosphei^. In this the fragrant rose and deadly 
nightshade co-operate ; nor is the herbage, nor the woods that flourish 
in ^e most remote and unpeopled regions, unprofitable to us, nor 
we to them, considering how constantly the winds convey to them our 
vitiated air, for our relief and their nourishment. And if ever these 
salutary gales rise to storms and hurricanes, let us still trace and revere * 
the ways of a beneficent Being, who not fortuitously, but with design, 
not in wrath, but in mercy, thus shakes the water and the air togetl^r, 
to bury in the deep those putrid and pestilential effluvia which the 
vegetables on the fii^ of the earth had been insufficient to consume.** 

The chemistiy of gaseous bodies, in consequence chiefly of Dr. 
PniiiUiTLEY's investigations, now became a main branch of the science, 
and some of his most eminent contemporaries were equally diligent with 
himself in its promotion and elucidation. Among others, Bergman and 
his friend and pupil Scheele, may be ranked among its successful 
followers ; and Mr. Cavendish lent it his powerful aid ; but I have 
thought it better to confine myself to the abstract view of such of Dr. 
Priestley's discoveries as may be strictly termed his own, than to blend 
them with the achievements of other philosophers, who experimented 
with distinct views, though occasionsdly treading in his footsteps. 

5 XI. 

Bergm an, of Sweden, was bom in the year 1735, and died in 1784, in 
Coiise^ence, as it is said, of too intense application to his studies: he 
was not only a very diligent traveller in the beaten paths of chemistry, 
but he searched the depths, and ascended the heights of the science ; his 
life was short, but as he neither lost nor misemployed time, his activity 
compensated for the brevity of his days; he not only opened a new mine 
in his favourite science, but examined its treasures and scattered its riches,, 
for Bergman may almost be said to have invented the art of chemical 
analysis. 

In his Prefafon/ Essay an the Invesf^aiion of Truths this author 
has depicted his feelings upon the subject of experimental science, in 
perspicuous and uuafiected terms; and a mind so Erected could not but 
be successful in its exploits, when we remember that even in his days 

will ^vo some olicck to the mge of de- facts relative to the chemical physiolc^ 
stroying trees that grow near houses, of plants, it must be confess^ thiU Uie 
which ham aoeompanied our late improve- causes of the renovation and equality of 
ments in gardenttig, from an <^inion of our atmosphere are yet by no means as- 
their being unwholesome. I am certain, certaiued; for, although some grovrang 
from long observation, tliat there is vegetables do, under certain circiw- 
nothing unhealthy hi the air of woods; stances, purify the air (by the absorption 
for wo Americans liave everywhere our of carbon and the evolution of oxygen)^ 
conniiy habitations in the midst of woods, yet, when in a state of decay, theyjfliva- 
and no people on earth enjoy better riably add to its contamination; ihd a 
health, or are more proliiio.**— Phil, genmlview of the suldeot would lead 
Trana. 1772, page 190. us to conclude, that vegetables produce , 

Notwithstanding these researches, fitUe effect upon the gemaloonsfitutiouj 
which have expoi^ some very curious of the almosj^ere. 



wcsre few wQling e&dttljr to thiow oif tli» 
idiolnitio pliilosopbj. ‘♦A tSendency^" be eoys, **to Carteriaiiism •iiU 
wdste, and upon attentive consideiation it will not appear wonderful Aat 
the human mind should delight to indulge in this method; for, on the 
one hand, the way of experiments is expensive, troublesome, and tedious; 
all minds, therefore, are not capable of enduring it; many are without 
the proper instruments, others want the necessary dexterity; but the 
;niost universal defect is that of patience and perseverance, so that if the 
experiment does not at once succeed it is abfmdoned in disgust. Man, 
in his ordinary state, seems by nature prone to indolence. On the other 
hand, the contemplative method favours the desire of knowledge; by 
pretending to unlock the secrets of nature with ease and expedition, it 
soothes the natural rage of explaining all things; and by supposing every 
thing accessible to the human intellect, administers pleasing flattery to 
vanity and arrogance.” 

It is upon the talents of Bergm \n, as an analyst, that I propose to 
dwell; it is there that he was pre-eminently original and successful, and 
upon that foundation his character as a chemist may safely W built. 

The use of /e^/jr tor the discovery of certain substances held in aqueous 
^and other solutions, is first particularly dwelt upon by Boylk; and he 
^was sometimes very fortunate in their contrivance and applications. lie 
•noticed the conversion of certain vegetable blues to red by acids, and to 
green by alkalis; the cloudiness produce«l by common salt in solution of 
^ silver, and the discoloration by liver of sulphur; and several other 
^circumstances coimeotod with the detection of certain principles, by 
chemical rc-agents. In I6fl7i Clo.s undertook an examination of the 
V waters of France; and, m 168fl, Hiebnk published some clever experi- 
tments upon the same subject in Sweden. In those writers the use of 
Kails for the detection of iro.i is alluded to, and the necessity pointed out 
of examining the residuary product of eva{K>nition. 

in 1726, BavLDre used spirit of wine to precipitate certain saline 
bodies insoluble in thattnenstruum. In 1 755, Vj^el pointed out the exist- 
ence of fix^d air in the waters of Seltzer, Spa, and Pyrmont ; Lane, in 
1769*, showed the method of imitating chalybeate springs; and in 1772 , 
Dr. Priestley published directions for saturating water w’ith fixed air. 

BE RQMAy, in his Essajf on Mineral Waters^ after adverting to a variety 
of cifSumstan^s relating to their general characters and sources, proceeds 
to point out, in the seventh section, tlie principal re-agents and precipi- 
tants, useful in their examination, and to describe the nature of their 
changes, and indications, with useful precision, in the following order: — 
A. l^iforion o f litmu s, or turnsole, is so delicate a test for the acids, that 
a singt^Tpalfi of sulphuril Tmid r e ddens 408 cubic inches of the blue 

* Mr. Lane was the first who ascer- , principle in mineral waters was clearly 
iained the 4N>ln1^ty of iron in water ' explain, and the whole analysis of 
impregimted with fixed air.---FAi^7raiit. those celebrated fountains^ so often at- 
1760. ** By this means,*’ says tSh John tempted by chemists and others, and 
l^gle, in bis discourse on Uie different still eluding their laboured researches, 
kinds of air, delivered at the anniversary was thus, in the most simple manner, 
meeting of the KoyM Society, Kovembiw brought to ligH** 

00, 177b ^^the nature of the metallic 
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^Bfqped in tbit tbotme, and inddened bjr ditdlledf 
viaqpir, hat iti bine cohmr reitored hj alkalis; but the tinctiue it morel 
tentiblfl^ than the paper, for the latter it not reddened by alsrial acid! 
(fined air); yet one part of water taturated with amal add, renders fi%! 
parts of the infntion red. B. Tinctnre of Brazil-wood'becomet blue by, 
alkalit, and it tennble to lest than one grain of crystallized tqda in 4000 i 
of water. C. Turmeric, either on paper, or in watery tincture, is a g(V>d,* 
but less sensible, test foe alkalis, wUch render it brown. D. Tincture of 
galls discorers iron by a purple or black cloud. E. Prussiate of potash* 
produces a blue tinge in water containing a minute portion of iron; it 
also precipitates other metals; copper, brown; manganese, white. F. Sul- 
phuric acid forms a white precipitate in all solutions containing baiyta. 

If it produce bubbles, it indicates some combination of aerial acid. Nitric 
acid is highly useful for showing the presence of .snlphur, which it preci- 
pitates from all hepatic waters. G. Oxalic acid detects the minutest 
c|uaiitity of lime, by producing a white cloud, either immediately or after 
some hours. This test shows that scarcely any water is free from lime; 
and the purest, within twenty-four liours, deposits a portion of oxalate of 
lime, although sometimes so sparingly as to escape observation, unless 
lines be dranm on the bottom of the vessel with a glass rod, in the direc- 
tion of which the precipitate attaches itself. H. Aerated fixed alkali 
throws down the metals and earths; if the substance be easily soluble in 
aerial acid, the caustic alkali may he used. I. Aerated volatile alkali 
also throws down earths and metals, and is an excellent test for the 
presence of cop]>er, which it indicates by u blue colour, more or less 
intense according to the quantity of alkali ^ded. K. Lime-water detects 
aerial acid, by a precipitate of aerated lime. L. Muriate of baiyta forms 
nil insoluble white precipitate in water containing any soluble vitriolic 
m\t ; twelve gniins of crystallized Glauber s salt, dissolved in a kanne of 
distilled water (about three quarts), immediately exhibits w'hite striae on 
the application of this test. Even one grain in the kanne exhibits a 
white cloud after some hours, and as it only contains 0.26 grains of 
sulphuric acid, we may judge of the nicety of this precipitant, which even 
exceeds turnsole itself in sensibility. 31. 3iuriate of lime may be used 
for the detection of fixed alkali, but it is an ambiguous test, because if 
sulphate of magnesia be present, it produces gypsum. N. Solution of 
alum is also of little use, though occasionally employed as a test for 
alkalis. O. Nitrate of silver is a certain and delicate indicator of 
muriatic acid and its combinations. A grain of common salt, in a kanne j 
of water, is instantly rendered evident by white streaks. Under some * 
circumstances it may also form a precipitate with sulphuric acid, but I 
sulphate of silver is much "more soluble than muriate; thus, no visible | 
turbidness arises, unless the kanne of water contains ninety-eight grains i 
of Glauber’s salt, or twenty-five of vitriolic acid. The presence of hepatic j 
air renders the precipitate of silver more or less brown. Alkalis, lime, 
and magnesia, also precipitate nitrate of silver. P. Nitrate of meieiuy 
is a prevaricating test, but very sensible to a variety of substances that 
may exist in mineral waters. As Bergman has not pointed out any 
particular application, in which this salt is essential, it wiU not be 
necessary to follow up his remarks on it, though in other respects im- 
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sttblimate; R. Acetate of lead; S. Sulplmte of 
mm ; and T. White anenic, are next enumerated, but their utility w 
j dubious, and the observations upon them of little value to' the^analyst. 
\ U, Spirituous sdtttion of soap is useful in giving general indicalioiw of 
the purity of water, which, if pure, scarcely renders it opalescent; but, if 
aboundin^in foreign materials, or hard and unfit for washii^, it pr^ 
digues more or less opacity or precipitation. V. Liver of sulphur is 
ihfiected by so many causes, that it may be dispensed with in the exami- 
riation of waters. W. Alcohol throws down such salts as it cannot 
^dissolve, especially the sulphates. It dissolves many muriates and 
nitrates. 

I have thus enumerated the tests recommended by Bergman, and 
given an abridged account of his remarks upon them, for the purpose of 
lowing the rapid progress which, under his assistance, was made in 
analytical chemistry: it is true that of many of these reagents and of 
their applications he was not the original inventor; but he was the first 
who showed the real value and the limits of the indications which they 
afford ; an effort of no common sagacity, when we revert to the state of 
chemistry in his time. 

Proceeding with the analysis of mineral wnters, Bergman next 
adverts to their gaseous contents, which may be expelled by heating 
a given portion of the water in a retort, the beak of which is plunged 
into the mereurio-pneumatic apparatus, and the gas secured in the usual 
way. It commonly consists pure air and al^rial acid; the latter may 
be absorbed by lime-water. The presence of hepatic air is easily recog- 
nised by its fetor. The remaining water is directed to be evaporated to 
dryness, and the residue weight and digested in pure alcohol; the 
residue, insoluble in alcohol, is then to be sl^en with eight parts of cold 
water; and finally, the matters which resist the action of alcohol and cold 
water are to be boiled in four or fire hundred parts of distilled water, 
snd the solution filtered. The ultimate residuum generally contains iron 
ind carbonate of lime, or perhaps of magnesia, previously suspended by 
mrbonic acid; it may be in a few instances argillaceous or siliceous, and 
;»eriiap8 contmn manganese, and directions are given at length for its 
leparate analysis, as well os tliat of the aqueous and alcoholic solutions. 
It is here that Bergman displays an ingenuity and accuracy then new to 
chemical science, for, in measuring his merits by a true estimate, we must 
i;o hock to the state of chembtiy at his time, and divest ourselves of its 
modem parfectioiis and refinements; then the peculiar and genuine 
shaiacter his researches will become prominent. 

Having, in the paper of which I have given an outline, described the 
j^enend principles eff the analysis of minml waters, Bergman proceeds, 
n several following essays, to apply them to individ^ analyses, and his 
lissOTtataoiis on the waters and acidulous spring of Upsal, on sea-water, 
uni on the artificiiil preparation of hot and cold medicated waters, each 
exhibit ptoo& ot his ^11 as an analyst, and aocunmy as an experi- 
menter; but, ahhoogh these and his otl^ detached essays are excellent 
ill their my, we must here pass them ly, in order to examine such of 
his oqitributions as tended to tibe gmeral improvement and extension of 
chemical arieace i. aniong thse^ ^ luminous dissertation on chemical 
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attractioll^ already adrerled to, ia pre-eminent; and the twenty-foorth 
essay in the second Tolume of his Opuscula, entitled De Minerarum 
DocimoM Hkmida (on the Art of Assaying in the Humid Way), must 
be considered as the parent source of that branch of analytical chemistry 
so sWessfully followed up, thou^ upon a limited scale, by Sobbele, 
and in the improrement and extension of which Klaproth paSM^lds 
long and laborious life. ^ 

It must be premised, that the assay of minerals had, with the 
exception^ of the experiments of MAROBAAFt, hitherto been confined 
to certain operations efiPected by the aid of fire, in which, except in 
common and obvious cases, their nature was rather guessed at than 
demonstrated. This art had its origin in the sixteenth centuiy ; and in 
1576 the celebrated work of AoRio^Lerbrought before the Public all that 
was important in relation to it, describing the instruments and* processes 
with scrupulous and minute accuracy, and illustrating them by a curious 
collection of cuts. Aqricola was succeeded by y.pfirg^v 

whose work on the docimastic art is muck eulogized by Bokruaave. 
In the above-named ess^ IBeroman pmnts out the fallacies and imper- 
fections to which igneous analysis is liable, and dwells upon the advan- 
tage of operating in the humid way, that is, by solvents and precipitants. 
He then proceeds to separate examinations of various metallic ores, as 
illustrations of his new method. Many of the conclusions and reasonings 
contained in this essay are founded upon the details of the preceding one 
on Metallic Precipitates. He,* says our author, who first saw the 
corrosion of a met^ by a limpid liquid, who beheld the opaque and pon- 
derous body gradually disappear, and become a part of a transparent, and 
apparently homogeneous fluid, and who saw the same metal re-appear upon 
the addition of a proper precipitant, must have been infinitely surpri^, 


* Do Pnecipitatis MetaUids. 
f Among those whose names became 
eminent in the history of chemical science 
during the first lialf of the eighteentli 
century, Maggra^ is entitled to parti- 
cular mentiem? Tie was born at Berlin, 
in 1709, where he died in 1792. He was 
a pupil of the once oelcbrat^ Neumann, 
a man whose works are novffioi'much 
thougiit of, but who did considerable 
service to the chemistiy of his day, and 
was evidently possessed of great diligence 
and some capacity. Caspar Neumann 
was bom at Zullichau, in Ptnissia, in 
1682, and in 1705 we find him enjoying 
the patrouage of the' King of Prussia, by 
whom he was sent to complete his studios 
at the University of Halle. In 1711 he 
became a pupil of Boerhaave, and shortly 
after visit^ England, whence he accom- 
panied George X. to Hanover, in 1716> 
In 1723 ho became Profesaor of Practical 
Chemistry in the Royal Col lege of Berlin, 
where he died in 1737* His works con- 
sist cluefiy in dissertations on various 
subjects of chemicid inquiry, published 


in the Tramaetioiu ef ^ Ro^i S'oeiegy, 
and in the Miscellanea BeroUnensku His 
Lectures were not printed till after his 
death, and proved a valuable magazine 
of chemical knowledge. " The author,'* 
says Dr. Lewis, who edited hiswori^ 
biased by no theory, and attadied to 
no opinions, has inquir^ by experiment 
into the proportions and uses of the most 
considerable natural and artificial pro^ 
ductiuns, and the preparations of the 
principal commodities which depend on 
citemistry, and seems to have candidly 
and without reserve communicated, sit 
he discovered." In 1733, Margraaf pur- 
sued chemistry under Juncker, at Halley 
and, having returned to Berlin, in 1731b 
we find several of his contributions in 
the TraneactUms the Sdentyki Scetein 
of that capital. Subsequent to that 
period, his works were collected and 
pubUshed at Parts in 1732, They 
tain a great body of information, at that 
time novel and important, but th^ are 
chiefly mititled to notice as fiufiiiidiing 
specimsiw of the art of analysis. 
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^and strode ivith admiialioii of the occult powers of nature. But bmose 
we are accustomed to these phenomena^ we neglect inquiring into their 
causes, though of the utmost importance, as forming the (ntiip basis of 
practic^ chemistiy. Such phenomena are so yaried and intricate, that 
Tolumes would be insufficient for their cmnplete discussion ; so that Ji pro- 
pose to limit mj observations to the separation of metals from adds, and 
tq the particular consideration qf the weights qf the precipitates.'^ Then, 
after a luminous summary of ^e general phenomena of the solution of 
metals, he advances a series of fficts relating to their precipitation; he 
shows that the caustic fixed alkalis occasion precipitates of the calces^ but 
loaded with water, by which their weight is much increased: that 
carbonated alkali precipitates carbonated oxides by double decomposition : 
that certain acids, which form insoluble compounds with metals, throw 
them down from their soluble compounds: that certain salts act in the 
same way by double elective attraction; and that in some cases triple 
combinations ensue, as when platina is precipitated by sal ammoniac. 
He then adverts to the decomposition of one metallic salt by another, 
even where the acid is the same in both. Thus, sulphate of iron and 
muriate of tin decompose muriate of gold. The metais also precipitate 
one another after a certain order, which is the same in all acid solvents, 
and effected by double elective attraction, for the metal to be precipa- 
tated exists in the solution in a calcined state, but being reduced by the 
phlogiston of the precipitant, falls to the bottom; while the precipitant, 
being calcined, becomes soluble. Although,’* he says, many anomalous 
circumstances occur in this matter, the order is constant and never in« 
verted.” The fifth section of this paper explains the use of tests for 
discriminating the metals, pointing out the colours of metallic precipitates. 

Crold and platinum are only in part separated from acids by the alkalis. 

I Nitrate of silver afibrds a brown precipitate with caustic, and a white 
[with aerated soda and mth muriatic acid. Solution of muriate of mer- 
tcury gives a red precipitate with carbonated, and a yellowish, or orange, 
|with caustic alkali. The latter is black, if the solution be prepared 
[without heat. Nitrate of lead is precipitated white by caustic alkali, an 
excess of which redissolves the precipitate. Nitrate of copper gives a 
bright-green compoimd with aerate^ and brown with phlogisticated 
alkali (ferro-prussiate of potassa). Iron is thrown down green by aiirated 
a lkali, and the precipitate, on exsiccation, becomes brownish yellow. Tin 
gives a white cloud with all the alkalis; bismuth, white with water and 
alkalis; nickel, greenish-white with alkalis and ferro-prussiate of potassa; 
zinc and antimony white with all alkalis.” 

Such is a short abstract of the contents of this section, which, although 
obscured b^ the language of the old school, and therefore scarcely, per- 
haps, intelligible to the chemical student of the present day, abounds in 
usfful and perspicuous details : it is followed by the conclu^ng section, 
containing a table of the relative weights of precipitates^ procured in dif- 
ferent ways, from a solution of one hundred parts of metals; and, as 
Bbugmak observes, this table^ upon proper examination, rev^s many 
mysteries.** It seems to have be^ the general opinion at this period, 
that the relative weights of predpitates were in all cases the same ; that 
is, that one hundred parts of lead, for instance, dissolved by nitric acid. 
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and jpr^pitated by caustic, aSiated, and pMogisticated alkali, and by 
sulpfiuric acid, would furnish an equal weight of preeipitate in each in- 
dividual instance. Our author here shows the fallacy of this opinion, 
and demonstrates the difference of weights to depend upon the different 
profK>rtions of the precipitant contained in the precipitate, and upon the 
occasional retention of a portion of the solvent. The list of precipitates 
annexed to this paper will disclose to the attentive observer, principles 
analogous to those exhibited by the tables of Richter, and upon which 
one of the main pillars of the theory of definite proportions may be said 
to rest. 

Bergman's essay on fixed air, or, as he has chosen to call it, aerial 
acidy is the last of which I shall make any particular mention. His 
chief experiments on this subject were protebly made about the year 
1770 . The dissertation I am now quoting was read, in 1774, before the 
Royal Society of Sciences at Upsal, and is printed in their Transactions 
for 177^- After describing the several methods of obtaining fixed air 
by tlie action of acids upon carbonates, by submitting them to a red heat, 
and by fermentation, he proceeds to define the meaning of the word act'd, 
in order to show that fixed air belongs to that class of bodies ; that it is 
soluble in water, that it has a sour taste, reddens turnsole, and unites to 
and forms crystallizable compounds with alkalis, destroying at the same 
time their causticity. He detested this acid in the marmor meiaUicum 
of (carbonate of baryta), and obseired the rl^iaSy“"^^^ 

which baryth-water a bs or bs c a r b o mc acid from the air, forming an effer- 
vescent precipitate. Speaking of the action of carbonic acid upon lime, 
he gives a masterly sketch of the principal facts relating to the composi- 
tion and decomposition of the carbonate of lime : he shows the solubility 
of calcareous spar, in water impregnated with fixed air, and its subse- 
quent deposition, often in small crystals ; and the same property is also 
proved to belong to magnesia. Bergman then goes on to discuss the 
elective attnictions of fixed air, of which he gives the following table:— 

11c says it appears to be the weakeat acid 
known, for it is expelled not only by vinegar, 
but by the phlogisticated acid of nitre and 
vitriol (nitrous and sulphurous acids); yet he 
observes that acetate of lead is decomposed by 
carbonic acid, which apiiears an anomaly, and 
suggests a question which he leaves undecided 
till experiment shall have enabled him to ex- 
pUvin it. The acid properties of fixed air are 
next dwelt upon, and the probability of its 
acidity resulting from foreign matter nega- 
tived ; for when rightly depurated, though extricated by the most 
different means from the most difierent materials, whether by fire, or by 
solution, it is nevertheless always the same, and always acid. 1 con- 
clude, therefore, with all the certainty attainable in physics, that oddity 
is a property essential to tliut elastic fluid/ From the imper£BCtiou 
apparatus, Bergman erred a good deal in calculating the specific gnmty 
of fixed air; he, however, proved it heavier than atmospheric air, and 


Aerial Acid. 

Pure terra ponderosa. 

— lime. 

— fixed vegetable alkali. 

— fixed miDeral alkali. 
— — magnesia. 

volatile alkali. 

Ziuc. 

Manganese. 

Iron. 
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lliitMe aceonats for its lodging in low ritnations, as in pits and grots; 
it is also diown to eactingiiiA flame. 

^ The essays which I have now quoted, and which may l>e ta]^en as a 
fiur sample of his method of iuTestigation, exhibit Bbroman ih the Ught 
of a true philosopher, employing hypothesb as the precursor, and*not 
the substitute of experiment; countenancing no theory but such as admits 
of jigid demonstration; advancing no favourite docOrines nor hasty specu- 
lations; but always the candid narrator of fiicts. As the repeater of the 
experiments of others, he measures and weighs their conclusions, and 
assigns them their proper place in the history of science. When in tlie 
character of an original inquirer, he kindles the torch of experiment, 
and never advances beyond the bounds of its illumination, lie seems 
profoundly to have admired Newton, and to have endeavoured to transfuse 
his methods of investigation into chemistry. ^^That illustrious per- 
smiage,” he says, having solicitously accumulated facts, examined them 
with accuracy, and compared them with acuteness; from cfli*cts he 
advances to causes, and thence deduces the laws of the creation. His 
progress, though slow, is certain ; and his method, though tedious, is 
contuiually unveiling the mysteries of nature. An edifice thus con- 
structed acquires firmness by elevation, for its foundations are solid and 
permanent.** 

There is more method in Bjeroman than in any antiv*edent chemical 
writer; his researches appear always to have been n»ade with an object 
in view; and there is an unity of design in his philosophical fNipcrs^ 
which pleasingly distinguishes them from the undigested chaos of ex|>eri- 
ments and observations which we are obliged to wade through in many 
preceding authors. 

Bbrghan had many celebrated successors in analytical chemistry, tis 
^iplied to mineral substances; among these, Klaproth and VAVQirKLi.N 
have especially contributed to the progress of this bmncli of the science. 
Martin Henry Klaproth was bom at Wemigerode, in Prussia, on thcj 
Ist of December, 1743 ; and died at Berlin on the Ist of January, 1817- 
He was an excellent man, and a diligent and accurate analyst : lie w'as 
a pupil of Rose of Berlin, who died in 1771* He publisheil a variety of 
important papers in periodical works; and in 1795 collected them, 
under the title of Beilriige zur Ckemischer KenninUs der Mineralkorper^ 
(contributions towards the chemical knowledge of mineral 8ubstanct*s.) 
Of this work, consisting of rix volumes, the last was published in 1816 ; 
it contains no less than two hundred and seven essays*. 

^ VAuamEUN, who died, at an advanced age, in Paris, in 1829, was 
cnriginally a peasant boy of Normandy. He was employed in Fourcro/s 
laboiatoy, where he not only acquired great dexterity in the ordinary 
duties exf his situation, but became an expert and original analyst : hi 

* Professor Frederick fltromeyer, of the Apothecaries for the Kingdom of 
Gdittngen, who died in 1836, was a | Hsnovor; and it was in discharging the 
chemist of most disUngniriied analytical | dutiea of that office that he was led to . 
attauBinent^ sod deserves to be eepe^ noiieo Certain peetdarifles in the oxide 
mw mentioned as oim of the soeeeBnhl cf sme^piepniwdfbrpbannaceutksd 
fiwovm of the methods riislked oni by his fsHher inquiries on this subject ter- 

KIspioth. He was Iniq^ector-gsneral m minated in theditoovcry ofcadmiuni. 
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afteywai;^* rose to hig^ emineiieein his professioii, and his namefoua and 
important contributions and discoTories are lasting monuments of his 
skill an^ industry. 

Among the mineral analysts and impropers of analytical chemistiy 
in this country, Mr. Chbnbviz deserves honourable mention. The 
following brief account of his contributions, and of the curious and 
mysterious controversy respecting Palladium, in which he was at <yie 
time involved, I copy from Dr. ^omson's History of Chemistry^ vol. ii., 
p. 215. 

Mr. Chcnevix deserves also to be mentioned as an improver of 
mialytical chemistry, lie was an Irish gentleman, who happened to be 
ill Paris during the reign of terror, and was thrown into prison, and put 
into the same apartment with several French chemists, whose whole 
conversation turned upon chemical subjects. lie caught the infection, 
and, after getting out of prison, began to study the subject with much 
energy and success, and soon distinguished himself as an analytical chemist. 
11 is analysis of corundum and sapphire, and his observations on the 
afHnity between magnesia and silica, are valuable, and led to consider- 
able improvements in the method of analysis. His analyses of the arse- 
iiiates of copper, though he demonstrated that several different species 
exist, are not so much to be depended on ; because his method of sepa- 
nitiiig and estumiting the quantity of arsenic acid is not good, lliis 
difficult branch of analysis was not fully understood till afterwards. 

^^Chenevix was for several years a most laborious and meritorious 
chemical experimenter. It is much to be regretted that he should have 
been induced, in consequence of the mistake into which he fell respecting 
pallmliura, to abandon chemistry altogether. Palladium was originally 
made kno^vn to the public by an anonymous handbill which was circulated 
in Ix>ndon, announcing that paHadiunty or new silver, was on sale at 
Airs. Forsters, and describing its properties. Chcnevix, in consequence 
of the unusual wny in which the discovery was announced, naturally con- 
8i(lere<i it as an imposition on the public. He went to Mrs. Forster’s, 
and purclmsed the whole palladium in her possession, and set about 
examining it, prepossessed with the idea that it was an alloy of some 
two known metals. After a laborious set of experiments, he considered 
that he had ascertained it to be a compound of platinum and mercury, 
or an amalgam of platinum made in a peculiar >»’ay, which he describes. 
This paper was read at a meeting of the Royal Society by Dr. WoUaston, 
who was secretary, and afterwards published in their TransactioHs^ 
Soon after this publicarion, another anonymous handbill was circulated, 
offering a considerable price for every grain of palladium made by Mr, 
Chenevix’s process, or by any other process whatever. No persmi 
appearii^ to claim the money Aus oflfcred, Dr. Wollaston, about a year 
after, in a paper read to the Royal Society, acknowledged himself to have 
been the discoverer of palladium, and related the process by which he 
had obtained it from the solution of crude platina in aqua regia. Th^te 
could be no doubt after this, that palladium was a peculiar metal, and 
that Chenevix, in his experiments, had fallen into some mistake, pro- 
bably by inadvertently employing a solution of palladium, instead of a 
solution of his amalgam of platinum; and thus giving the properties of 
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ike one solution to the other. It is very much to be regretted, tthat Or. 
Wollaston allbwed Mr. Chenerix's paper to be printed, without informing 
him, in the first place, of the true history of palladium : and I t^ink that 
if he had been aware of the bad consequences that were to follow, and 
that it would ultimately occasion the loss of Mr. Chenerix to the science, 
he would have acted in a different manner. I have more than once 
coUTOTsed with Or. Wollaston on the subject, and he assured me that he 
did everything that he could do, short of betraying his secret, to prevent 
Mr. Chenevix |from publishing his paper; tliat he had called upon, and 
assured him, that he himself had attempted his process without being 
able to succeed, and that he vras satisfied that he had fallen into some 
mistake. As ]Bkfr. Clienevix still persisted in his conviction of the 
aoeuracy of his own experiments after repeated warnings, perhaps it is 
not very surprising that Dr. Wollaston allowed him to publish his paper; 
though, had he Wn aware of the consequences to their full extent, 1 
am persuaded that he would not have done so. It comes to l)e a ques* 
tion whether, had Dr. Wollaston informed him of the whole secret, 
Mr. Chenevix would have been convinced.*' 

Hie Honourable Edw'ard How'arp aUo deserves a place among 
those eminent for their contributions to analytical chemistry. He was 
the first who accurately examined meteoric stones, and showed their 
identity from various pl^es. (Phil. Trans.^ 1802.) 

§ XII. 

Bergman was followed by two great and contemporary luminaries of 
chemical science, Ca^tkdisii* and Scheele, and though each attained 
distinction, they reached it by very different roads ; showing the little 
influence of external circumstances upon the growth of inherent genius. 
The former was a leading {lerson in the scientific circles of Ixindon ; of 
noble family, and princely afRuence. The latter, of humble origin, and 
with limited means, made up for the deficiencies of place and fortune by 
zeal and economy, and, in the retirement of a Hwedish village, raised a 
reputation that soon extended itself over Europe. In private life, 
CATXNmsn was unambitious, unassuming, bashful, and reserved ; he was 
peevishly impatient of the inconveniences of eminence ; he detested flat- 
teiy, and was uneasy under merited praise : he therefore shunned general 
society, and was only familiar in a vety limited circle of friends. He was 
in the habit of dining every TEursday at the Royal Society Club, and there 
he always bore his faculties meekly; his conversation w^os varied and 
instmerive ; upon all subjects of science he was at once luminous and 
profound, 1 ^ in discussion wonderfully acute. 

Mr. Cavendish made two capital discoveries; one of which, that of 
the composition of nitric acid, has already been adverted to, and arose 
out of his researches on hydrogen, and on the products of its combustion, 
wldch terminated in ascertaining the composition of water. His first 
communication to the Royal Society relates to the analysis of the waters 
of Rathbone Place, and contains nothing worthy of particular notice. In 


* Bom in London, 1731 ; died at dapham, ISIO. 
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J779j he presented the tame learned body with a dissertation on Inflam- 
mable* Fixed, and Nitrous Air, printed in the Philosophical Transactions 
for the same year, and full of important and original matter. Though his 
observations on fixed and on nitrous air were Iiighly valuable, he had here 
beenT anticipated in some respects, and contemporary chemists were on 
most points his successful rivals; but his investigations relating to the 
properties of hydrogen were entirely his own; for, although it wasknow^a 
to others that that gas was generated by the action of certain acids on 
certain metals, though Mayow had coUeett^d it, and Hales proved its 
combustibility, it may safely be asserted, tliat the phenomena of its pro- 
duction had entirely escaped attention, and that its principal properties 
were previously unknown. Mr. Cavenuisd shows that diflferent metals 
afford cUfterent quantities of hydrogen ; thus zinc yielded more than iron, 
and iron more than tin; and further, that the state of dilution and quan- 
tity of the acid, provided there was enough to dissolve the metal, did not 
affect either the quantity or properties of the air. In examining its pro- 
perties our author observed that it extinguished flame, destroyed animal 
life, and burned when pure with a pale blue flame: he determined its 
specific gravity, and found it was tht* lightest of all ponderable matter ; 
hence its subsequent suggestion by l>r. Black and Mr. Cavallo as a sub- 
stitute for rarefied air in the balloon: the former indeed failed in its appli- 
cation, and the latter only succeeded in the pretty experiment of elevating 
soap-bubbles by inflating tliera >vtth hydrogen; he tried bladders, but the 
thinnest were too heavy, and tissue paper was permealde to the gas ; it is 
singular he did not think of gold-beaters’ skin, which, for similar pur- 
poses, had been recommended two centuries before by Scaljoer the 
grammarian*. 

The first ascent in a balloon filled W'ith hydrogen was made on the Ist 
of December, 17113, by Messrs. Chahlfjs and Robert, at Paris. In an 
hour and three-quarters, they alighted on the meadow of Xesle, twenty- 
five miles from the metropolis, and finding that the silk globe still retained 
great buoyant power, 31. Cuakles ventured alone upon a second ascent. 
The sun had set, and the shades of oveuiug were gradually condensing 
into the darkness of night; but his courage was rewarded by a most 
novel and sublime spectacle. He shot upwards with such celerity as to 
have attained the height of two miles in about ten minutes. The sun 
rose again to him in full orb, and firom his lofty station he contemplated 
the fading luminary, and watched its parting beams till it once more sunk 
below the horizon. The vapours rising from the earth collected into 
clouds, and veiled it from his sight, while the pale rays of the moon scat- 
tered gleams of various hues over their fantastic and changing forms. The 
region in which the aeronaut now hovered was extremely cold; the bal- 
loon appeared fully distended, and upon opening the valve, the gas rushed 
out like a misty vapour into external air. Prudence forbade this bold 
voyager to remain longer in such a situation ; slowly therefore descending, 
he alighted in safety near the forest of Tour du Lay, having travdled 
about nine miles in thirty-five minutes. The barometer at the 
elevation fell to 20*05 inches, and the thermometer sunk to 21^ Fahrm* 

* Supplement to Eneifohpmdia BHlannice. Art. Aeronantics. 
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heit; he therefore appears to have ascended to about 9,700 feet above the 
level of the sea. 

The balloon has unfortunately proved but an abortive instniment in 
the hands of science. Messrs. Biot and Gay-Lussac embarked from 
Paris on the 23rd of Au^st, 1804, upon an aerial excursion devoted 
entirely to scientific inquiry. At the height of 13,000 feet, no peculiarity 
appear^ to attach to electric or magnetic phenomena. On the 5th of the 
following September, Gay-Lussac undertook a second voyage alone, and 
attained the enormous height of 23,040 feet above the sea. Here he 
experienced excessive cold! his breathing was oppressed, and the pulse 
quickened ; he, however, did not suffer the peril of his situation, or the 
peculiarities <of his sensations, to distract his attention, and made sevend 
magnetic, electric, and hygrometric observations, without either novel or 
interesting results. Having alighted in safety in the neighbourhood of 
Rouen, he returned to Paris, and in the presence of M. Tdenard analyzed 
the air brought from the upper regions, which proved identical in com- 
position with that at the surface of the earth. 

To return to Mr. Cavendish: having determined the specific gravity, 
and other abstract properties of hydrogen gas, he proceeded to examine 
the results of its combustion, And found that, when mixed in certain pro- 
portions with atmospheric air, it exploded on the contact of flame, and 
deposited moisture in the vessel used for the experiment, a circumstance 
first noticed by Macquer in 1768, and distinctly referred by Mr. Watt 
to the production of water in 1783. The experimental proofs, however, 
were still insufficient, and were supplied by Sir. Cavendish, 'in a paper 
given to the Royal Society in 1784. He found that a stream of pure 
hydrogen, burned either in air or oxygen, produced a vapour condensible 
into pure water. The same product resulted from the rapid combustion 
of a mixture of inflammable and dephlogisticated airs (oxygen and hydro- 
gen gases). These experiments were subsequently verified by analytical 
researches: water was decomposed by Lavoisier, by passing steam through 
a red-hot tube containing iron, which absorbs its oxygen, and pure hydro- 
gen is liberated in the gaseous form. The decomposing energies of elec- 
tricity have also been applied to this fluid, and it is found uniformly to be 
resolved into one volume of oxygen and two of hydrogen, which disappear 
on passing an electric spark through the mixture, and are converted into 
their weight of pure water. 

The discovery of the composition of water, due to the joint labours of 
Watt and Cavendish, was a great step in chemical science, for it deve- 
loped the hidden cause of many important phenoipena of art and nature: 
no wonder, then, that the attention of theorists was especially fixed upon 
it, some applying it to the explication of all difficulties; others rejecting 
even legitimate conclusions, and unwilling to strike this favourite element 
from the list of simple bodies. 

Catehdibb was an enemy to the new Nomenclature of chemistry, and 
was fond of finetelling its downfidl; he disliked all innovations that were 
not rendered absolutely necessary by the progress of experiment, and 
would never adopt new opinions, till fully and leisurely convinced of the 
fallacy of old ones. 

While Priestley and Cavendish were contributing to the chemical 
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eminence of Britain, Schbble* was diligently employed in the same pur- 
suit Under the patronage and guidance of Bergman, of whom it has been 
emphatically said, *^that his greatest discorery was the discovery of 
ScHEEXiiiE^ for he was the first to remark his promising genius and rising 
•merit 

I^heble’s publication, entitled Chemical Obeervatians and Experiments 
on Air and Fire^ is prefaced by an Introduction from the pen of his 
patron Bergman, setting forth the advantages of experimental science, 
and the probable benefits that may result from the implication of chemistry 
to the treatment and cure of diseases. Finding air necessary for the pro- 
duction of fire, ScHEELE first turned his attention to its analysis: he found 
that solution of liver of sulphur, and certain other sulphureous compounds, 
occasioned a diminution in the bulk of mr to which they were exposed, 
equal to one part in about five ; the flame of hydrogen, and that of sul- 
phur, caused a similar decrease of bulk in air standing over water, and 
lime-water not being rendered in either case turbid by the residuum, no 
fixed air was formed. He then obtains Empyreal Air, (oxygen,) by the 
decomposition of nitric acid, and other processes; describes the method of 
transferring, collecting, and examining the gases; and endeavours to prove 
tliat heat is a compound of empyreal air and phlogiston: he also shows, 
hy a direct experiment, that the absorption occasioned in atmospheric air 
by liver of sulphur is referable to the abstraction of its empyreal portion; 
that it totally absorbs empyreal air; and that upon adding to the residuary 
portion of atmospheric air, a quantity of empyreal air equal to that 
absorbed by the sulphureous liquor, an air is again compound^, similar in 
all respects to that of the atmosphere. The identity of these investigations 
with those of Priestley will not fail of being oWrved; but it must be 
recollected that they were entirely independent, and that although Priest- 
ley ,was in the field a little before him, Scheelb was unacquainted with 
his proceedings. 

The details concerning the nature of air, are followed by an inquiry 
into the properties of Heat and light, which, though a little tainted by 
fidse theory, bears the stamp of an able and original mind. Adverting 
to the reflection of the rays from a common fire, by a concave metallic 
mirror, he remarks, that they passed in straight lines, without sufiPering 
any derangement from currents or undulations in the atmosphere which 
they traverse; that glass intercepts the heat, but not the light; that a 
mirror of glass reflects the light, but absorbs the heat, whereas metal 

* Scbeele is among the fortunate few, ’ man, who became his friend and patron, 
wlio, starting from an ohscure original, | and to whose honour be it told, that, 
have attained the zenith of scientific emi- j when Scheele's reputation afterwards 
nence. He was bom in 1742, at Stral- j rose to such a height as threatened to 
sund, where his fiither was a tradesman. | eclipse his own, instead of listening to 
His youthful days were passed in the ' the voice of jealousy, which, on such oo- 
hoiMe of an apothecary at (lotienbuigh, i casions, is too common a frailty, he be- 
whm^i by sinmlar peneveranee, and | came more zealous in behalf of hia rival, 
that kind of industiy which is prompted j and more indefatigable in the service of 
by strong natural inclination, ho acquired | his friend. Scheele afterwards rmamved 
a valualue stock of chemical information. ' to Kfiping, in the neMbourluM^ of 
In 1773 , having removed to Upml, acci- i Stockholm, where he died in 1736* 
dent brought mm acquainted with Beig- 1 
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W li tocto hoAi Ae metal^ Aerefi>ie« if clean, does not become heated; but, 
if blackened ow a bumiiig candle, it then absorbs heat, and beeomes 
▼eiy wanm He notices Ae distinction between heated air and heat 
iiinftfiftting in straight lines: ‘‘represent to yourself a little Hillock of 
bu rning coals; in Aift case, Ae heat darting from this hillock nil around 
is Aat which may be reflected by a metallic polished plate; Aat, on Ae 
oontiaiy, whiA rises upwards, and may be driren by winds to and fro, 
umtes wiA air. I call the first kind, by wqr of distinction, radiatii htaiZ 
Discussiiig the phenomena of solar and terrestrial radiation, he considers 
Aeir apparent difierences to result, not from any absolute difference in 
Ae nature of the emanating principles, bui in their quantity. “ There is 
no doubt,*’ he says, “about the light of Ae sun and that of a burning 
candle being the fame thing; for this affects the eye in the same manner 
as Ae sun, and represents Ae same colours through Ae prism, but being 
weaker, it is no wonder Aat its beams, collected in a burning-glass, will 
not bum: nor is Aere any doubt about light being a body in the same 
manner as heat, but I cannot persuade myself Aat light and heat are the 
same thing, since experiment prores the contrary.** Finding Aat light 
blackened nitrate of silver, though heat alone had no effect upon it, he 
considers light as containing an inflammable principle, and shows Aat 
Inna cornea^ after long exposure to Ae sun’s rays, is no |pnger perfectly 
soluble in ammonia, but leaves a portion of reduced silver; he aim shows, 
that when put into water, it forms muriatic acid in the light, but not in 
Aedark; and Aat Ae violet rays produce Aese effects more rapidly 
and powerfully than the other colour^ rays, and even than white light. 

Among Aese experiments on air and fire some curious facts are 
detailed, respecting Ae spontaneously inflammable compound discovered 
early in the last century by Hombbrg, and called Pyropkorus; it is 
shown that potash is necessary to its formation, and that alum crystal- 
lized by ammonia is unfit for its production. The evolution of hydrogen, 
during Ae action of iron upon sulphur, and of nitrogen, in Ae detonation 
of fulminating gold, are aim among Ae facts contained in this essay; as 
weli as a variety of curious rircumstances relating to Ae effect of vegeta- 
ti^ and req>iration upon air; and it closes wiA an account of the 
properties of Sulphuretted Hydrogen. 

Exclusive of the experimental details, Aere is little to pnuse in the 
Treatise on Air and Fire^ for the theories which it contains are often 
strained and illicit, and do not easily admit of being rendered intelligible 
by Ae translarion of Ae phlogistic language into Aat of the modem 
school: nor are Schs^lb’s detached essays altogether free from similar 
blemiAes; bnt then Aey are so rich in facts, Aat we Ae more easily 
overlook theoretical fidlings. His dissertation on Manganese, for instance, 
wiA a description of Ae principal salts of that metal, contains the im- 
portant disooveij of DepUcgisticated Muriatic Acid, or, as it is now 
termed, CSihnine; and his views respecting it, and the nature qf the 
muiiatie acid, are remai^hly conect, and perfectly inteUigiUe in present 
theory, if wb substitute hydrogen for phlogiston; it will then be fouiril 
Aat muriatic acid is regenerate by Ae ad^tion of hydrogen to chlorine, 
and Aat hydrogen is evolved by Ae abstracti<m of chlorine from muriatic 
add. 
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BERTpOLimTs hypcOmiB of the natiue of dilorine for a time super- 
seded the theory of Sorbblf^ and under the name of Oxymuriatie Acid, 
it was rejgurded as a compound of oxygen and muriatic acid; but, in 1811, 
Sir H. Davy, in an important dissertation on the subject, published in 
the fhihsophical Trantactions^ demonstrated the errors of the French 
school, rerired the doctrine of Scheblb, and established it by a body of 
evidence now generally received. Berthollet, however, has the distil^* 
guished merit of first suggestihg the application of chlorine to bleaching 
upon the large scale. 

In his essays on Fluor Spar, and its acid, Schbblb has committed 
several errors, among which the most glaring is the conclusion which he 
draws respecting the formation of siliceous earth. When powdered fiuor 
spar is distilled with sulphuric acid in a glass retort, the silica of the glass 
is dissolved by the acid of the fiuor, carried over with it in the gaseous 
state, and in part deposited in the receiver containing water; Schbelb 
inferred that siliceous earth was here formed by the union of fiuoric acid 
and water ; and, persisting in his error, he endeavours to show that the same 
formation ensues in metallic vessels, and therefore independent of glass; 
but he takes no due precautions against the presence of silica in the fiuor 
spar which he used. Yet there is much to praise in the methods of analysis 
employed in in|f»Btigating the nature of this singular body; it is a subject 
full of difiiculties, and can scarcely be called complete even at the present 
day, though it has engaged the attention of the most acute analysts. The 
acids of arsenic and of molybdenum were first examined by Scheele, and 
he first showed the difference between Molybdenum and Plumbago, and 
pointed out the existence of carbon and iron in the latter. 

In 1778, Scheblb made known the preparation of Arsenite of Copper, 
and recommended it as an useful and permanent colour in oil and water 
painting; and, in 1779, he took up the important subject of the decom- 
position of neutral salts by unslak^ lime and iron. He found upon the 
iron hoops of a tub of salted turnips, which had been placed in a damp 
cellar, a quantity of salt resembling mineral alkali, and was struck writh 
the circumstance, ^^knowii|g that the attraction of acid of salt is weaker 
for iron than for mineral alkali.** He dipped plates of several otter 
metals into solutions of common and Glauber's salt, but found that iron 
only was effectual in their decomposition, and that the action was more 
rapid in a damp cellar than elsewhere; he also found that quicklime 
decomposed those salts in the same situation; and that the decomposition 
was partly dependent upon the presence of carbonic acid in the atmo- 
sphere of the vault. ^ 

lit the essays on Milk and Sugar-of-milk, there are many curious 
circumstances respecting the action of re-agents upon that liquid, and 
these papers deserve particular notice, as among the earliest specimens of 
the analysis of animal fluids. Chemists are at present undetermined 
respecting the nature of the acid generated in sour milk : by some it is 
regarded as vinegar, modified by the presence of animal matter; otters 
consider it as a distinct compound, and have called it JLaciie AeU* 
ScHBRLB observes that, from his experiments, it appears ^^tliat the acid 
of milk is an acid of a peculiar kind, and though it expels the vinegar 
from acetated vegetable alkali, yet it seems destined, if I may so ppe^ 
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be vinegar.** He attributes its diflierence tOithe want of some ferment, 
and shows that the addition of a little brandy to milk, causes it; when 
fermented, to afibrd good vinegar. The method of obtaining the Citric 
and some other vegetable acids, by decomposing their compobnds with 
lime by sulphuric acid, is also among Scheele's discoveries; and his 
essays on Tungsten, on the preparation of Calomel in the humid way, on 
yrinary Calculi, on Ether, and on Benzoic acid, each contain important 
&ct8^ and display new modes of inquiry: they deserve tlie perusal of 
those who may be engaged in investigations relating to the several subjects 
of which they trert. 

The last essay to which I shall advert in this historical sketch of 
Schbble's discoveries, was published in 1 782, and is entitled Experiments 
on the Colouring Matter of Prussian Blue, lliis very singular substance 
was accidentally discovei^ early in the last century, by Diebbach, a 
colour-maker at Berlin: the preparation was, however, kept secret till 
published by Woodward, in 1724. In 1752, Macqusr's dissertation 
upon it presented a connected view of its chemical history, which, how- 
ever, was imperfect and unsatisfactory. Scueele directed his attention 
to the discoveiy of the principle upon which its colour depended, lie 
shows, that the salt produced, by digesting Prussian blue in caustic potash, 
is a triple compound of riie colouring principle, iron a|^d potash; iron 
being, as he supposes, the medium by which the colouring matter is 
attached to the aUcali: this salt he decomposed by distilling its aqueous 
solution with a small quantity of concentrated vitriolic acid, and the 
liquor which passed into the receiver carried with it a great portion of 
the colouring principle, which has since been termed Prussic Acid. 
Scueele then goes on to shour that the action of this acid, in its pure 
state, upon metallic soUtions, is very different from that nliich it exhibits 
w'hen copbined with sdkalis. United with lime, he fopnd that it afibrded 
precipitates in the greater number of metallic solutions. Our author 
enters into much interesting speculation and experiment, relating to the 
nature of this colouring principle; and considering the difficulty of the 
subject, treats it with perspicuity and success. This dissertation on 
Prussian blue was nearly his last contribution to the science which he 
had so much embellished and improved, for he died in 1785, at the age 
of for^-four. 

It requires no deep inquiiy, or minute investigation, to detect, in the 
reseatcheTof Priestley, Treble, and Cavendish, the materials of which 
their contemporaiy, Lavoisieii, aided by several celebrated chemists of the 
French sdiool, constructed his new theory; and a retrospect of the works 
of Matow and Hooke will show that the Antiphlogistic System almost 
necessarily arose out of a combination of their views with the mote 
modem discoveries. In maiiitainingp however, that the materials em- 
ployed in raising this celebrated system were of foreign, and chiefly of 
Britidi origin, I would by no means be understood as detracting from the 
indisputal^ merit of those to winse persevering diligence chemistry owes 
so much of its present importmiee; by whom the scattered and uncon- 
nected facts of the sdence were brought together and arranged; and who 
cleared its paths of the numerous obstructions with which they were 
previously beset. 
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Thb nainetouft and important contributions with which the eminent but 
unfortunate Lavoisibr* enriched the chemistry of his time are to be 
found in th^. Memoirs of the Royal Academy of Sciences of Paris ; but 
as he has chiefly been celebrated as a theorist, I shall here confine mysejf 
to such of his inquiries as bear upon that memorable reform in the 
science, by which a new momenclature was introduced, and which ended 
in the banishment of phlogiston. In this reform Lavoisier took the 
lead, and though his original investigations connected with it are few and 
comparatively unimportant, he avail^ himself with so much skill and 
success of the labours of others, as, by placing them in new points of 
view, and exhibiting their unexpect^ applications, to render them 
almost his own. Lavoisier's character has, in some measure, sufiered 
by the misguided zeal of his admiring commentators, who, not satisfied 
with allowing him due merit lor ^he logical precision and sagacity of 
induction which he brought into chemistry, have represented him as 
having the experimental activity of Priestley, and the laborious diligence 
of ScHEELB. But Lavoisier, though a great architect in the science, 
laboured little in the quarry ; his materials were chiefly shaped to his 
hand, and his skill was displayed in their arrangement and combination. 

A connected view of his principal reasonings and most prominent 
researches will be found in his Elemens de Ckimie^ published at Paris, in 
1789. This work, in every w'ay important, is divided into three principal 
sections : the first treats of the formation and decomposition of aeriform 
fluids, of the combustion of simple bodies, and the formation of acids ; 
the second, of the combination of acids with salifiable bases, and of the 
formiUion of neutral salts: and the third, of the instruments and 
o{>cratioii8 of chcmistiy. 

The first section opens with a discussion concerning the Nature and 
Operations of Heat, w^hich he defines as a real and material substance, 
or a very subtile fluid, separating the particles of bodies from each other, 
by insinuating itself among them. This exquisitely attenuated substance 
he calls Caloric^ and though he allows tlmt light, in many instances, 
produces phenomena analogous to those of heat, though they have 
certain queries in common, their identity not having been demonstrated, 
they are to be considered as distinct: he then dwells upon the requisite 
caution in investigating the properties of caloric, since they are known 
only by fleeting and difficultly ascertmnable efl^ts; “it is in those 
duRjp," he says, “ which we neither see nor feel, that it is especicdly 
necessary to guard against the extravagancies of the imagination, which 
always inclining to overstep the binuuk of truth, is difficultly restrained 
by tte narrow limits of iac^." The influence of heat upon &e states of 
bodies is then iUuittated, and their relative ciqMeiries for heat alluded tq. 
He says that solidity^ liquidity, and a^orm elasticity, are <mly^^i^^ 
different states of existence of the same matter, or three pa^cular 
modffications 'which almost all substance are sweptible of assilwiiiig 

* Born in 1743, at Paris, where he fidl a victim fo the Bsrfoluiihh, the 
8Ui of May, 1734. 
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sliocessiTelyy and' whieh solely depend upon the degree of temperature to 
which ^y are exposed, or, in other words, upon the quantity of caloric 
with 'iwch they are penetrated/* In consequence of this influence of 
caloric^ the possible existence of certain metallic substance in our 
atmosphere is ioferred; ^^such a substance, for instance, a little Wre 
volatile than mercury, might exist there/* L^toisieu then proceeds to 
^e analysis of atmospheric air, which he effects by exposing fifty cubical 
inches of it to heated mercury ; it undergoes a decrease equal to one- 
sixth of its original bulk, and becomes for respiration and com- 
bustion; at the same time, the quicksilver is partly converted into a 
reddish matter, 45 grains of which heated red-hot in a proper retort, 
afibrded 41.5 of running mercury, and 7 or 8 cubical inches of gas, 
eminently supporting combustion, and being the dephlogisticated air 
discovert by Priestley. The re-combination of the 42 cubical inches 
of the mephitic air of the retort, with the 8 cubical inches of dephlo- 
gisticated air, separated from the mercury, re-produce 50 cubic inches of 
atmospheric air. 

Lavoisier considered all alfriform fluids as compounds of a pon- 
derable basis, with caloric and light: in the above experiment, the 
ponderable part of the dephlogisticated air unites to the quicksilver, but 
the union is effected so slowly, that the phenomena of combustion are 
not perceived ; if, however, r^-hot iron wire be introduced into the air 
evolved from the red compound of quicksilver, it acts readily upon it, 
and its decomposition is attended by the copious evolution of heat and 
light, while the iron undergoes an increase in weight equivalent to that 
of the air absorbed. 

In discussing the principles of nomenclature, most applicable teethe 
different aeriform fluids, Lavoisier retains, after the example of Mac- 
QI7SR, the word gar, used first by Van Hblmont, as a generic term for all 
that differ from atmospheric air : he shows that one iff the most general 
properties of vital or dephlogisticated air, is, to form aetdsy and hence he 
gives it the name of oxygen gae; the other element of the atmosphere is 
called azotic gas^ from its fatal effects upon animal life, a term, ^^com- 
mendable,’* says Lavoisier, because it only expresses a matter of fieict.** 

The combustion of sulphur, phosphorus, and carbon, is next shown 
to be attended with the same phenomena as that of iron, namely, the 
extrication of heat and light, and the union of the ponderable part of 
the oxygen with the combustible ; and the principles of nomenclature 
applid^le to these different compounds are developed. Where oxygen 
dm not feim an acid, its compounds are termed oxidec; mA where 
more than one oxide, or add, is formed, the termination of the base 
indicates its nature: thus there are four compounds of nitrogen with 
oxygen^ two oxides, and two adds; the former are rtepectively termed 
nitrone and iMrie oxides ; and the latter, nt/ioiir and ntfrtc acids / the 
nunmmm s^mammum of oxygen bemg in each ease dciignated by the 
tenmnaiion.m aiid The term hydrogen is appliefeto inflammable 
dr, diowii by OAvsiiniiH to be the bai^ <ff footer ; an^ is called 

carbonic since it is identical mA the rondt 
dr G^rml, or carbon, in ox^^ In ccninexioiv 
Lavoisieb made the important discovery of dm production m carb^ otM 
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by the 09»btt8tion of the diamond. The destruction of this gem by fire 
was demoostiated by the Florentine Academicians as early as 1690 ; they 
exposed a diamond to die fi>cu8 of a burning lens, and found it was 
entirely Irapoiated ; and Francis the First, dT Germany, witnessed the 
same phenomenon in the heat of a furnace. Layoibiee prored that the 
diamond underwent no change when air was excluded ; and that, when 
ignited in oxygen gas, it produced carbonic acid: whence the ineritali^e 
conclusion that the diamond and charcoal are identical in their nature ; 
and that the vast difference in their appearance and mechanical qualities 
is the result of aggregation ; that the one is crystallised ; the other in a 
less indurated form. Unprecedented as such an idea may seem, it is not 
only warranted by the experiments of Lavoisibr and odiers, but also in 
some degree supported by analogy. Thus, when argillaceous earth, which 
is a white pulverulent substance, is aggregated by mechanical attraction 
into a crystalline form, it constitutes the sapphire, one of the hardest and 
least destructible of the gems. In one state, the earth is soft, and 
readily soluble in acids ; in the other, its insolubility equals its induration ; 
but there is one anomaly, relating to the conducting power of the diamond 
and charcoal in regard to electricity; the former ranks among the non* 
conductors, the latter is a good conductor; and hitherto mechanical 
texture has not been clearly shown, in any strictly analogous cases, to 
interfere with the power of conducting electricity. 

Among those who have further explored the phenomena of the com* 
bustion of the diamond, and who have verified and extended the original 
views of Lavoisier, we find the names of the most eminent European 
Philosophers. Few subjects in Chemistry have been so carefully pursued, 
and the united results of different experimentalists have rarely tallied 
with the precision which these researches present*. 

Lavoisier was the first who examined with requisite^^uracy the 
products of the distillation of vegetable and animal substances, and who 
drew a proper line of distinction between the educts and products thus 
afforded ; he also inquired, with more success than any of his prede- 
cessors, into the phenomena of fermerUatUm^ and by examining the contents 
of certain v^etable juices previous to and after that process, he drew 
some very curious conclusions respecting the changes that take place. 

In hip observations upon satiable basesj and the formation of neutral 

* Thai the quantity of carbonic acid, enlightened character; by those who 
afforded by a given weight of diamond, enjoyed his acquaintance, and partook of 
is the same as that yielded by a similar his social hoars, his extent of knb*v- 
quantity of charcoal, is the great proof of ledge, his happy and unrivalled talent 
the identityof those apparmtlydissiniilar for oonveraation, his harmleBB but bril- 
substanoes; this was demoostiated in the Uant flashes of merrimmit, and all his 
year 1796^ by the refined and elegant amiable peculiaritieB, can never bo £»> 
experiments of the late Mr. Tennant. gotten. Mr.TennaiitwasbominYork- 

Mr. Smithson Tdnnant was a profound shire in 1761, and died at Boulogne in 
phil 98 opher, andamalehless compaitioai. 181a. Hoii^was the disooverer m the 
^*his learaing was without pedantry; inetafo Mdium and OsBuum, and ^tto 
his wit without saroasm;— he was deep^ author of seveial important oonIrBmtiM 
btit always fdear; gentle, but never dull*’ to cbemioal science. . 

To thosewho knew himnot, it issoarcely See Biogruphioel Aceeuni of 
posidble to oifor an adequate represen- Tennant, £sq., in Tbomaon^i Asmti qf 
tation of hii aingukrly pleaaing and FMfoiqp^, voL vi 
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li AtloiBiER hAs described the phenomeiiai of the golotion <1 metals 
in the various acids: he adverts to the otidiaement of the ifeetals 
jMvious to their solution, and to the consequent liberation of hydrogen ; 
and has the following acute surmise respecting the nature of the alkaline 
earths, which then were considered as elementaiy bodies. “ Prom these 
phenomena it appears that oxygen is the bond of union between metals 
aqd acids, and fiW this we are led to suppose that oxygen'is Contained 
in all substances which have a strong affinity with acids; hence it is veiy 
probable that the four eminently salifiable earths contain oxjrgen, and 
riiat riieir capability of uniting with acids is produced by the intmnedi^ 
tion of that element. What I have fomiefrly noticed relative to tttese 
earriis, namely, that they may veiy possibly be metallic oxides, with 
which oxygen has a stronger affinity than with carbon, and consequently 
are not reducible by any known means, is considerably strengthened by 
the above considerations.** Sir H. Davy, in showing the combustibility 
of the metals of the alkalis in carbonic acid, has verified this anticipation. 

In the second part of the Elevnents^ Lavoisier treats of the formation 
of Neutral Salts, and throws out new and important views relating to the 
constitution of chemical compounds. Speaking of the influence of Light 
as a chemical agent, he adverts to its singular action upon the vegetable 
kingdom, and supposes that it combines with certain parts of vegetables, 
and that the green of their leaves, and the various colours of their flowers, 
are chiefly owing to this combination. This much/* he says, ^ is certain, 
that plants which grow in darkness are perfectly white, languid, and 
unhedthy, and that to make them acquire vigour, and recover their natural 
colours, the direct influence of light is absolutely necessary. Somewhat 
similar takes place even in anin^. Mankind degenerate to a certain 
degree, when employed in sedentary manufactures, or living in crowded 
houses, o^in the narrow lanes of large cities; whereas they improte in 
their nature and constitution in most of the country labours which are 
carried on in the open air.” 

Lavoisier incorrectly refers the influence of light to its direct com- 
bination; but it rather appears to modify, or exalt, the mutual agencies of 
bodies; of this we have some remarkable instances; as in the action of 
chlorine upon hydrogen, and upon carbonic oxide; and of chlorine, and 
several of tlie* chlorides, upon water; from which it occasions t||e evolu- 
tion of oxygen, and the production of muriatic acid; this charge gave 
rise to the idea of the existence of oxygen and muriatic acid as the com- 
ponents of chlorine; the agency of water, and the nature of muriatic 
acid not havii^ been taken into the account. 

In his ob^rvations on the combinations of oxygen, the conditions 
requisite to the oxidizement of bodies are mentioned; such as the dimi- 
nurion of aggregation by heat, which causes many substances to attract 
the oxygen of the atmosphere; their ignition widi nitre^ or with cUorate 
of potassa ; aadAeir splmtion in certain adds, especially the nitsie* 
oombihali^^ different combustiUe subsl^mces ate next reviewed, 
mid those ff W and of some cdfaer comiMiiihd^^^ ^ 

*^ fe eecupm the 4^^ 

vafiety of chmnical opemrioi^^illiidk 

^ extended by Lavoisibr. He shi^ com** 
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plicatlid the greater part of which might, however, have been 

supeAed^ by simpler and cheaper utensils. 

Ibis sketch of the contents of LATorsiRB's Elements of Chemistry will 
•ufficienfly show the extent and perspicuity of his views as a theorist; 
and though the arrangement is open to objection, it was calculated for the 
use of the student, and fitted to display the strongest parts oS the anti- 
phlogistic system in the most favourable light: it was, indeed, impossible, 
that any one of unbiassed judgment could seriously retain the phlogistic 
doctrines after the perusal of this masterly refutation. If we look for the 
abstract facts upon which this refutation rests, we shair search in vain, 
either in the works of Lavoisier, or in those of his contemporaries: they 
were furnished from other quarters; and will, I think, chiefly be found 
in the writings of Mayow and Hooke, and in those of Priestley and 
ScHEBLE. The prominent features of the French theory are its explana- 
tion of the phenomena of combustion and of acidification, the presence of 
oxygen being deemed essential in both cases. That air is the food of fire 
was known in the remotest ages; that it causes the increase of weight 
sustained by metals during their fusion and calcination, was shown by 
Rey early in the seventeenth century; tLat a part, only, of the atmosphere, 
is concerned in the support of flame, was explained by Hooke in 1667; 
and that the vital or igneous spirit, as he. terms it, of the atmosphere, is 
concerned in the formation of acids, was asserted by Mayow in 1674. 
Here, without advancing into the eighteenth century, we l&ve, inexplicit 
detail, all the facts and arguments requisite for the construction of the 
French theory ; but if to these we add the discovery of Oxygen by 
Priestley, and of the composition of water by Watt and Cavendish, 
what then becomes of its claim to originality? 

It must be regretted, that those who have censured Lavoisier with 
occasional uncandid and unacknowledged appropriation of the thoughts 
of others, have some grounds for the accusation. In bringing forward his 
theory of combustion, why did he not refer to the opinions of Rey ami 
Mayow? why refuse praise and acknowledgment to Black, andScHEELK, 
and Cavendish; or why appropriate the discovery of oxygen, in the face 
of the prior, indisputable, and known claims, of his friend and contem- 
porary Priestley? These are questions we cannot now answer; but 
those who have grounded indiscriminate and severe censure upon such 
accusations, have neither been animated by the independent spirit of true 
philosophy, nor guided by the unbiassed love of truth. It must be remem- 
bered, that Lavoisier was never fairly confronted by these rivals imd 
antagonists; that unintentional inadvertency often accompanies acientific 
ardour; that, in the eagerness of pursuit, he may have neglected that 
which, in a calmer hour, he would have seen, regretted, and aclmowledged ; 
and that, in the hurry of discussion and heat of controversy, he was sud- 
denly summoned to eternity*. 

* Two soaroe volumes of the posthu- them. They, in some degree^ justify the 
moQS worloi of Lavoiner are extant, eon- observatmn whioh I have inade M ti^^ 
sisting, in great measure^ of extracts text, that, had Lavoisier livedi l^owt^d 
from, and sketches of his duferenipapers have done moritedjustioe to his pronee^ 
rM before the Royal Academy of soisandcohtempoiaHes^f^he eimdi^ 
enoes; but several original Olner^ reviews their opiBhM% aiid ddmpares 
and Semys are also ^ftqpsrsed among themvdthhbowarafcUmsiiAel^^ 



90 


OBIOIN AND PE06EK8S 


Although LatoDsier made few original discoyeiies, his talents were, 
perhaps, more usefully employed in setting forth and elucidating the 
researches of othersi a task whiGh he performed with great skill and suc- 


foUowing passage cannot be Regarded as 
perfectly candid towards Bey, who, as 1 
have shewn above, founded his aigu- 
mentsnot upon hypothesis, but upon ex- 
periment. 

I Insert a long quotation, thal there 
may be no misunderstandii^ upon the 
subject 

notions ent^toined^at t^t^ri^f^he 
proceeds as follows Tel etoit Pdtat 
des connoissances, ]orsqu*une suite d'en- 
perienoes, entrqnises en 1772 sur lesdif- 
ferentes espies d*air, on de gaz qui se 
d^gagent dims les effervescences et dans 
nn gMd nombre d'opdrationschimiques, 
me ffrent oonnoftre, d'une mani^re de- 
monstrative, queUe dtoit la cause de 
I'angmentation de poid^ qu^acqui^rent 
les mdtaux lorsqu’on les expose h Paction 
dufen. J^lgnoroisaloFSceque Jean Bey 
avoit dcrit h ce gujet en 1630$ et quand 
je ranrois ceaaS, jen aurtns pu regmder 
son opinion h cet ^lard, quo comme une 
assertion vague, propre h faire honneur 
an gdnie de Pauteur, mais qui ne dispen- 
sait pas les chimistes de oonstater la 
Tdrite deson ofunion par des experiences. 
J*etois jeune^ j^etols nouvellement entre 
dans la carrim des sciences, j'etois avide 
de gloire, et je crus devoir prendre quel- 
quespre^tions poor m'assurer la pro- 
priety de ma decouverte. 11 y avoit k 
oette^poqucjuneocirreBpondancehabitu- 
die entre les savans de France et coax 
d*Angleterre; il legnoit entre les deux 
nations, une sorte de rivalite qui donnoit 
de Pimportanoe auz experiences nou- 
vellei^ et qui portdt qudquefois les 
eorivains de Pune on de Pantre nation, 
h les contester k leur veritable auteur; 
je crus done devoir deposer, le I*' No- 
vembre^ 1772, Pecrii snivant cachete, 
entre les mains da Secretaire de P Aca- 
demiew Ce depdi. a etd onvert k la 
sesnoe da 0** Hai enlvaBt, et mention 
du tout E etefoite en tile de Pderit H 
etoit con$a en oes termeat— 

n y a environ hitti jours qoe j*ai dd- 
convert, qnnieaonfoaen hril]aai,knn de 
perdie dc ion au 

contialrei cW a diia^ qua define livra de 
ian£r%on pouvoit rettmbaatioaim plus 
d*ttne Uvre d'acide vittMiqua^ a&iMo* 
tion foite de nmmidHe de Pidrt II an 
ast dumema du phaqphme: catta aug- 


mentation de poids vient dHme qnantite 
prodigieuse d'air qui se fixe pendant la 
combustion, et qui se combine avec les 
vapeurs. 

^ Cette de^verte que J'ai constatee 
par des experiences que je regarde 
comme dedaives, m*a fait penser que oe 
qui s'observoit dans le combustion du 
soufre et duphosphore, pouvoit bien avoir 
lieu k Pdga^ de tons les corps qui ao- 
quikrent du poids par la combustion et 
la calcination: et je me suis persuade, 
que Paugmentation de poids desekaur 
rndtalliques, tenoit k la m^me cause. 
L*experience a complettemont coufirme 
mes conjectures: j'ai fait la reduction de 
la litharge dans des vaiaseaux fermfo, 
avec Pappareil de Hales, et j'ai observe 
qu'il se degageoit, au moment du passage 
de la ehaux en metal, une quantity con- 
siderable d'air, et que cet air foimoit un 
volume au moins miUe fois plus grand 
que la quantite de litharge employde. 
Cette deoouverte me paroissaat une des 
plus iut^xissantes qui ait 4i4 faite depuis 
Stahl, i'ai cm devoir m'en assurer la 
propriete, en foisant le present depdt 
entre les mains du Secretaire de PAca- 
ddmie, pour demeurer secret jusqu'au 
moment oh jepublicrai mes experiences." 

(Sigue) " Lavoisiee." 

** En rapprochant eette premikrenotice 
oelle que j'avois depcsee k r Academie 
le 20^ Uctobre precedent, sur la com- 
bustion du phosphor^ du memoire que 
j'ai Itt k I'Acaddmie k sa sdance pubiique 
de Pkques 1773> enfin, de oeux que j'ai 
Buccesrivement pnbUes, tl est aisd de 
voir, que j'avois con^ dks 1772, tout 
Pensemble du ^steme que j'ai publid 
depuis sur la combustion. Cette theorie 
k hu}nelle j'ai donne de nomlnreux ddve* 
loppemena en 1777, et que i*ai portd, 
presqne dks eette dj^ue a Petatoh elle 
estaujourd'hw, n'^oommenoe k dtre eR- 
8eigneeparFourei^,qq(B dansl’hyverde 
1766 k 1767; eQe n*a M adoptee par 
Guyton Morveau, qu'k une ypoque poa- 
tdrieiiref enfin, en I76f Berthdlet eeri- 
voit encore dans le aymme du phlqgis* 
^iiOr C$U$ihM0n*iit dime pat foomm 
Veniende ribv, Is iklorie dee CMmhtee 
Frempdei ette eet h mkenef et C^set nne 
proprhM que Je rMaoie anprka de mea 
oonlsi^oraiiie eide le poaterM." 



OF CHliMlCAL FHILOBOFHY. 


91 

cess: iii^ reviewing hypotheses, he diligently contrasts them with facts; 
wei^t and measure, which had been introduced into chemistry by Bbbg- 
MAlf, were strictly insisted i^n in all his manipulations, and in his hands 
chemistfy assumed the features of a new branch of knowledge, and put on 
its present character. 

Connected with the labours of Lavoisier is the celebrated reform of 
chemical nomenclature effected by him and his associates, among the 
most eminent of whom we may enumerate Guyton Morveau*, f^uRr 
CROYt, and GhaptalI. The former, amidst varied oecupa^ons, pursued 
chemistry with succes^l diligence, and, had he given nothing else to the 
science, his name deserves to be trmismitted to posterity, as the inventor 
of the means of destroying infection by acid vapours, the efficacy of which 
he first pointed out in the year 1773. His first essay on the reform of 
nomendature was published in the Journal de Physique for May, 1782, 
and although it was strenuously opposed by ffie colossal power of the 
Royal Academy of Paris, the plw was not only afterwards approved, but 
prosecuted by the eminent Chemists of that metropolis. I^e different 
papers and correspondence relating to tliis subject are, in many respects, 
curious and interesting fiom the difference of opinion which prevailed 
respecting the terms he adopted, and the ultimate benefit likely to result 
from the reformation. Fourcroy is a well-known name in the chemical 
world ; his works rank among the most celebrated which France has 
produced in the science: he is the first author who published a System 
of chemistry. Chaptal was a successful contributor to the Chemistry of 
the Arts. 

The difficulties attending an entire reform in the nomenclature of 
chemical science may be well imagined; they were encountered with 
considerable address ; and it must be confessed, that, while it particularly 
tended to the dissemination of the anti-phlogistic doctrines, it facilitated 

* Bora at Dijon, 1737; died, 1316. greatly improved the method followed 
f Bora at Paris, 1765| died, 1800, in its manufacture, as in a very short 
X 1 have extracted the foUowing notice time to make the produce greatly ox- 
of Chaptal from the address of IL R. H. osed the demand. He was mode Mini- 
tlio Duke of Sussex, delivered at the An- sirs de PlniMsur by Napoleon, and coii- 
niversaiy Meeting of the Royal Society, tinned under the Empire to fill many 
November 30, 1838. important situations. He was the author 

^Mean Antoine Cfaaptk^ Comte de Of considerable works on chemistry, on 
Chonteloup, was bora in 176d» and died the appUoation of chemistiy to the arts, 
in April last, in the 78th year ^ his age. on the application of chemistry toagri- 
Ile was Profrssor of Chmnistiy at Mont- culture, on the art of making wines, and 
pellierbeforetheRevolution,aadws8one on the art of dyring cotton and wool, 
of the most active cultivators of iriiemioal which are written in a v^ per^icuous 
science before that event, in oonjuncstiou and elegant style, and wlii<& have en- 
wiih Monge, Fourcroy, BerthoUet, Guy- joyed a very oonsidenUe popularity in 
ton de Monreau, and the illustrious La- Franoeu The labours of his whole life^ 
vouder. In the year 1783, upon the in fret, were devoted to the improve- 
threatened invasion of France by the ment of those mann&ctures whose pmv 
Allies, when saltpetre was not to be pro- frotion depended moreerlem uponihn 
cured in suffioient quantilies fiir the most oorreot and economical 
manufreture of the powder wanted by of ohemioal prino^des; andi 
the Fren<di armies, he waa invited by distingiiiBlied oouniiym^ BarUui^^ 
the (kmuniitee of Publio safety tosupei^ moat be placed in the find rank oC those 
intend the establishiiiettti fer that pur- who have benefited the mda 
pose^ and his chemical knowledge so medium of ehandoal iQienee^^^^ 
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the general acquisition of the science; the ludicrous terras of the alche- 
uiists were rejected, and names founded upon the nature of coraj^und 
bodies, and upon the leading qualities of elementaiy substances, became 
their more sensible substitutes; It is true, that the progress of smence has 
rendered ranch of the French nomenclature objectionable, and that if has 
been requisite to modify many of its terms, more especially such as were 
founded on erroneous theory: others, though objectionable, have been 
letained, rather than submit to the serious inconyenience, to which re- 
peated innoi(ations tend; and nothing short of absolute necessity can 
justify us in changing old and accept^ terms, for those of more recent 
coinage. In the selection of names necessarily new, some leading and 
obyious ipcoperty, independent of theory, should be selected as their basis; 
sudi terms as iodine^ bromine^ and chlorine^ are in this respect unex- 
ceptionable. To the subjoined opinion upon this subject, by Sir H. 
Davy*, I entirely subscribe. 

^ Smplicify and precision ought to be the characteristics of a scientific 
nomenclature ; words should signify things, or the analogies of things, 
and not opinions. If all the elements were certainly known, the principle 
adopted hj Lavoisixr would haye possessed an admirable application ; 
but a substance in one age supposed to be simple, in another is proyed to 
be compound ; and vice versd, A theoretical nomenclature is liable to 
continued alterations ; oxygenated muriatic acid is as improper a name 
as dejMogisiicated marine acid. Eyery school believes itself in the right ; 
and if eveiy school assumes to itself the liberty of altering the names of 
chemical substances, in consequence of new ideas of their composition or 
decomporition, there can be no permanency in the language of the science; 
it must always be confused and uncertain. Bodies, which are similar to 
each other, ^ould always be classed together ; and there is a presump- 
tion that thdr composition is analogous. Metals, earths, alkalies, are 
appropriate names for the bodies they represent, and independent of all 
iqpecalatiye views ; whereas, oxides, sulphurets, and muriates, are terms 
founded upon opinions of the compoation of Indies, some of which liave 
been alre^y found erroneous. The least dangerous mode of giving a 
i^stematic form to a language seems to be, to signify the analogies of 
substances by some common rign affixed to the beginning, or the termi- 
nation of the word. Thus, as the metals have been distinguished by a 
termination in aiit, as aurum^ so their calciform, or oxidated state, might 
have been denoted by a termination in a, as aura; and no progress, 
however great, in the science, could render it necessary that such a mode 
of appelli^on should be changed. .Moreover^e principle of a composite 
noBimidatnre must always ^ very limited. It is scarcely possible to 
represent bodies consisting of five or rix elements in this way, and yet it 
is in such difikult cases iStaJt a name implying a chemical truth woidd be 
most usefaL'* 

Among the causes that have contributed to the recent progress of 
cbenucal seience, we have already had occasion to advert to tlra Doctrine 
yf definite proportumalt^ which has enabled us to submit many of the 
phenomena of chemistiy to calculati^, and which promises to elucidate 
smne of its most abstrm parts upcnl mathematietJ prindples ; but the 
* Mhn m ti ^ Ck mimI Ph U m p k^ f p|fc 4<b 47« 
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chief soi^Kce of Ihe raj^d advancemeiit of chemistiy during the piesent age, 
is ddhbtless the discovery of the relaium qf electrical to chemical changes) 
a discovery uri^ich has u^old^ entirely new views of the mutual agencies 
of bodifdi, and which has equally funi^hed the theoretical and practical 
chemist with materiab for speculative and experimental inquiry. 

The curious experiments of Galvani upon«the convulsions excited in 
the limbs of animals, by the application of certain metals to thei^ mus- 
cular and nervous fibres, led Volta to investigate the cause of such 
phenomena, and to attempt the accumulation of the electricity, to which 
he suspected they were to be referred : this he attained by successive 
alternations of different metals with substances acting chemically upon 
one of them, and he found that the extremities of such a pile were in 
opposite electrical states, and that the intensity of the electricity aug- 
mented the number of alternations. This instrument has been produc- 
tive of vast discoveries, which axe yet far from exhausted, and has given 
rise, in the hands of Davy, to a new and curious department of chemical 
philosophy, into the history of which I shall enter a little more in detail, 
chiefly with a view of showing the singular talent and sagacity with which 
a difficult and intricate branch of science was successfully pursued and 
illustrated by that eminent individual. 

It appears from the additional chservations^** appended to his 
Chemical Researches^ upon nitrous oxide, &c., published in 1800, that 
Sir H. Davy had no sooner heard of Volta’s researches, ihan his mind 
was awakened to their bearings upon chemical changes; and from that 
period, to the time of his first publication upon the subject, he seems not 
to have lost sight of the inquiry; indeed, it was his characteristic habit 
to examine without delay all novel results of other philosophers, and 
when he had confirmed their accuracy, he generally rendered them sub- 
servient to further discovery. Accordingly, we find that the first paper 
which he presented to the Royal Society (read the 18th of June, 1801,) 
was An Account qf some Galvanic Combinations formed by the Arrange- 
ment qf single metallic Plates and Fluids^ analogous to the Galvanic 
Apparatus qf Foltaf and it contains several curious and interesting facts 
upon a subject which now began to excite general attention, and attracted 
the notice of many skilful experimentalists. The first harvest of fame^ 
however, in this field of inquiry, was reserved for Davy ; and the Baierian 
Lecture for 1806 contains a series of propositions and experiments, in 
reference to the chemical agencies of electricity, which at once display the 
masterly energies of the author’s mind in passing from experiment, to 
theory, and in the employment ci that theory as the source of new, pro- 
found, and elaborate researches. About the time this paper was pub- 
lished, a great and important question respecting the agencies of 
electricity was undecided ; it was not known whether electricity had the 
power of generating certain forms of matter, or whether they were merely 
elicited its influence, from compounds, which escaped common mMjlSi 
of detection. Water, for instance, was found not merely to be reaolM 
into its ultimate gaseous components^ but their evolution was constant 
connected with ^ appearance of acid and alkaline matter, and 
although every precaution was apparently taken to e:i^ade formgn mat- 
ters and all sources of impurity. Hence it was inured that water 
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conl^Aed of these bodies; or, thet it produced, them by 

uiiiftqc iritb electric fluids } or that they were octually conreyed by Some 
niysleiious routes' fiioni cells of the pile; indeed, it would be useless 
to enumerate a& l&e speculations originating in these paradoxical pheno* 
mena; but it will be profitable to glance at the manner in which *tlie 
difficulties were encountered by our author. He first repeated all that 
hq^ bemi done by others, and criticised and compared their proceedings ; 
he then electric^ distilled water, and found, as they had found, the 
erolution of saline, alkaline, and acid bodies ; W he ^o found that the 
more rigi^ he purified the water, the smaller was the evolu^on of these 
products ; a fact militating against their supposed source ; stflDl, however, 
they made iheir appearance. He now directed his attention to the ves- 
sels which were used, and succeeded in referring to them several extraneous 
bodies; thus glass, porcelain, and several mineral substances, yielded 
more or less foreign nutter, which was successfully excluded when gold 
mr jdatinum were substitoted ; but still, water, which had been redistilled 
at a low temperature in a silver alembic, did afford acid and alkali ; the 
source of this was next traced to the hands of the operator, and the 
accidental contact of test-papers, all which were consequently avoided, 
with a proportionate diminution of the problematical appearances ; but 
they were yet present, for notwithstanding all precautions, litmus was 
reddened in the positive, and turmeric rendered brown in the negative 
vessel: it vras now, however, found that the acid and alkali were nitric 
acid and ammonia; substances producible by new arrangements of the 
elements of air and water; and accordingly when very purs water, care- 
fully dejHived, and kept from the contact, of air, was electrizdd in vacuo^ 
in cones of gold^ which had. not been handledy nothing but oxygen and 
hydrogen were elicJled froii it. n 

The question, therefore, concerning the origin of the appearances cited, 
was now so fiir satisfoctorily determined. He^hen enters into many 
valuable contingent inquiries, and proves this essential fact, that electricity 
has the power not merely of ren^bering evident the smallest traces of 
foreign matter, but of decomposingmmpounds with apparent facility and 
perfection, the elemrats of which are held together by the strongest 
chemical attractive mrce ; whence it was concluded, that substances 
hitherto deemed simple or elementary, might, under this all-ppwerfitl 
decomposing agent, afford evidence of a compound nature, and yield either 
known or new elementary bodies. The inquiry was accordingly resumed 
un^ this new light; and the Bakerian Lecture, read to the Royal Society, 
in November 18^^ contains the ^results to which it led. The first sub- 
stances udiidh occurred as likely to afford sooeessfiil and novel information 
were the fixed alkalis. Upon subjecting caustic potassa to the action of 
the voltaic pile, it was found" not to conduct electricity; and When its 
aqueous sdutioB was used, the water only appeared to suffer decomposi-* 
tion. After several uniuocessful trials, it was at length found that the 
allnB, gendy bfeaftied upon, bei|ine suffiekntly mmst to suflbr the 
tniarfer of electricity, and the appeanmoes were very remaikable; offer- 
vesoenoe ensued at the positive pole, and, at the negarive, Adite appeaiKed 
small and brilUaajl^l^obules of a perfectly metallic appesoraiiee, but w^h 
presently burned upon exposure to air, and seem<^ % reproduc/the 
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alludi* Jliere now could be little doubt that this matter was the bore of 
potaefe; but it became necessary to collect and preserve it for examinadon; 
and this was a task attended by many serious and apparently insurmount- 
able obs&cles, for the globules were suecessiyely muners^ in a great 
variety of fluids, upon all of which they had more or Jess action, and none 
of which afforded a means of retaining them in a metallic state; at length 
the fluid called naphtha was successfully employed, and in it they were 
•collected and preserved for a considerable time without material alteration. 
They were found truly metallic, eminently combustible, remarkably light, 
acting eneiigetieally and inflaming upon water, and producing gotassa by 
their union *'with oxygen.»> Many of their other properties were also 
determined ; and it here deserves especially to be mentioned, that although 
potassium^ for so this new metal was call^ was only obtained in minute 
atoms and a few grains in weight, all its essential properties, as subse- 
quently determined, were correctly and minutely made out. Shdium was \ 
next obtained from soda by the same new method of decomposition; and > 
shortly after the alkaline earths were sho\vn to contain analogous 
inflammable and metallic bases. The Philosophical Transactions ftr 
several subsequent years contain continuations of these inquiries, which 
were actively and successfully pursued by their author, and which speedily 
attracting the admiration of the scientific world, induced others to resume 
and extend them. 

In the year 1810, the subject of Sir Humphry's Bakerian Lecture is 
the Oxymuriatic add and its compounds," a subject which is pursued in 
sevend successive communications, aboun^g in original views and new 
discoveries. It is in these papers that the true nature of oxymuriatic j 
acid is demonstrated, that the views of Schxblb respecting it are esta- / 
blished, and that the erroneous reasoning ^l^arding its composition^} 
originating with Bbrthollbt, and sanctioned by the assent of the 
chemists of Europe, is fefuted and subverted. Much acute reasoning 
and many specimens of the true logic of the science are to be found in 
these detmli^ blended with sound descriptions of new compounds, and new 
applications of the firsts that were developed: it is here thtt the nature of 
the muriatic acid is first demonstrated, that oxymu^atic acid (under the 
new name of chlorine) is shown to be an undecompounded substance, 
that a multiplicity of erroneous views respecting their compounds are 
corrected, and others established upon the basis of experiment, to the 
exclusion of hypothetical reasoning. The new theory to which these 
inquiries led was actively canvass^ and opposed; but the objections 
urged against it necessarily yielded to the sound arguments and unequi- \ 
vocal experiments upon which it was founded, and the fiime which the 
author acquired bjrUie gradual admission and general adoption of these ; 
new modes of reasoning and of research, was scarcely in^or to that j 
which rewarded his more brilliant discovery of the alksdine bases. The 
, several papers which follow this Lecture, and in which, among other 
subjects, the nature of Jktorine and of iodine are discussed, may be con** 
sidered as continuations and illustrations of the Bakerian Lectme^ and 
they each contain further proofo of the inventive genius and mlent of 
their author. 

Davy had now established himself as one of the first chemists of 
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Europe: whether weJSbimd his claims to that distinction upon the nniniber 
and importance of his original discoyeries, or upon the profundity ^of his 
reasoning powers displayed in their applications, and stamping a peculiar 
character up<ni his inquiries. About this time he became desirous of 
embodying tiie results of his labours, and of displaying them in a*teore 
connected and systematic form, and, accordingly, in 1810, he published 
first Tolume of his Elements of Chemical^ Philosophtf^ a work which, 
though it bears some marks of hasty composition, is abundant in evidence 
of the author’s talent ♦ eloquent writer, a clear reasoner, and a shrewd 
and sagadouB experimentalist. It is to be regretted thiA the second 
Tohime of this work never appeared; for although it be We that the 
first chiefiy embraced those parts of the science which had been the par« 
ticular objects of his successfiU studies, it cmmot be doubted that his 
genius would have cast a new light upon those parts of chemistry with 
which fap was less immediately intimate. His Elements of Agricultural 
Chemistry appeared shortly after the Chemical Philosophy; it is a work 
containing some new and useful facts and views, and is well adapted to 
fhe capacities of those whom he intended to instruct. 

^ Humphry had now laid a secure and deep foundation of permanent 
eminence and imperishable reputation as a chemical philosopher of the 
first class; but whibt he was thus employed, he was at the same time 
reaping equally verdant, though less durable laurels, as a lecturer; his 
style was peculiar and impressive, though not elegant; his eloquence 
florid, but powerful and appropriate; his experiments briDiaalit and 
if.original; and his reasoning refined and acute. But to dwell further upon 
this subject, would lead me to biographical particulars respecting his 
^ fs nn exion with the Royal Institution, and to dqtpils not immediately be- 
Imiging to my present object, which I willingl^and, indeed, anxiously 
avoid, and turn with pleasure t^ his discovery of the Safety-lamp. 

The first paper in relation to this subject is printed in the Philosophical 
transactions for 1815, and was followed by four communications bearing 
* i^pon the same inquiiy, the las^f which was read to the Royal Society 
bk January, 181 7* These essays would alone characterise their author as 
ft philosopher of no common stamp. Finding that flame would not recede 
tiwougk tubes of very small diameters, the idea occurred to him, of con- 
structing a lamp, the flame of which should have no connexion with the 
snitoimdiDg air, excilpt by capillary tubes; and he inferred, from previous 
expcArilftents, that such a lamp might safely be employed for the ilhimina* 
ticn of coal-mines infested with the explosive atmosphere commonly called 
Jiredamp. PU theft^iifnidlmvorw^ to ascertain the extent to which the 
tubes bp interfering with Ihe principle of safety, 

and was thus led tu cut mem down till their transverse section resembM 
a seiiei of fine nmdies: this so closely resembled wire-gauze^ that he was 
induced to try howl^^lit tissue would prevent the passage of flame, 
and, finding it effectual, he ernffloyed it in the construction ^ his lamp, 
and uMbiatdy adonted the siraple and efficient arrangement now in 
general and soceessftil use. * IKs researches respecting the nature of flame, 
and the tempeiataies ut which combustion may, under rarious eircum* 
etaacss, be ciunied on, are parte of ttis gepend inquiry, and are not less 
ipgenicns than originaL 
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t Notembei; 1890, Sir Humphry Davy became the Piesideni of 
yal* Society, and his Discourses, delivered. on various occasions 
before ^at Body, unll give a &ir idea of the general style of his eloquence 
and power m oratorical composition. He continued to contribilte papers 
as heretofore, and some of them upon subjects of much interest, ably and 
philosophically discussed: among them, the essays on the modes of pro- 
tecting the copper sheathing of ships deserve ^special notice*. • 

In the course of the year 1827, Sir Humphry's general state of health 
became much impaired ; he passed the greater of the year 1828 in 
Italy, and teminated his memorable existence at Geneva, in May, 1829, 
in the fifty-second year of his age. 

Of this eminent and extraordinaiy person two biographical memoirs 
have appeared, the one by Dr. Paris, & 1831 ; and the other by his 
brother, Dr. John Davy, in 1836. Neither of these works will, J think, 
satisfy the scientific reader ; they contain a variety of interestiig and im- 
portant matter, but are not sufficiently ample in reference to those events 
in Sir Humphry's life, principally connected with his chemical pursuits, ' 
and his philosophical eminence : this is the more to be regrett^, as iti^ 
would tiot have been difficult to have collected authentic documents, 1 
illustrating his rise in the Royal Institution, and the proceedings in which 
he afterwards engaged as President of the Royal S^iety ; of the infer- 
mediate period of his life, a great part of which was passed abroad, his 
correspondence with his scientific friends would probably have furnished 
more satisfactory documents than those hitherto produc«^d : it is also to 
be regretted that his works have not been collectively published. 

I became acquainted with Sir H. DA%'y very soon after his arrival in 
London, in 1801, haviim been introduced to him % Mr. Hatchett, as>|t 
boy fond of chemistry:^ was at that time at Westminster School, and ^ 
often stole away upon a half-holyday, to pass an occasional hour at the | 
Royal Institution ; soon afterwards I went abroad, and as soon as possi - 1 
blc after my return, I renewed my acquaintance with Sir Humphry; this' 
acquaintance ripened into the friendship^hich so long subsisted between 
us, and which ultimately led to an event of which I shall always be justly 
proud, that of having been recommended by himself as a proper person 
to succeed him as Professor of Chemistry in the Royal Institution, to 
which office, after having delivered a probationary course of lectures 
during the preceding Spring, I was unanimously elected on the 7th of 
June, 1813. From the time that Sir Humphry quitted England for the 
Continent, in October, 1813, till his return in 1815, and during his sub- 
sequent visit in 1818, till his return in 1820, ks^sgularly corresponded 
with me ; and in the intermediate periods I waf idio^tJbonstantly in the 
enjoyment of Ids friendship and his society, or V wtfaiess and occasiona^ 
assistant in his experimental labours in the Labomtory of the Royal 
Institution 

* A list of Sir Humphry Davy’r^prin- ooifildence in myself, which, as I neveV 
mpal publications will be found at the willingly offend^ him, or wished to do 
end of Dr. Paris's work. so, was peculiarly grating to me,msdeirty| 

^ f After his election as President of the oiroumstances of the case, avul nsoeb 
the Royal Society, Sir Humphry began espedally, as holdingthe tAce^of 
to withdraw ms kindly feeliiig towiods ta^ to the Royal Sodety, our mutual 
the Royal Institution, and with it his intercourse was inevitalde. ^ 

R 
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From this correspondence I hare selected three letters, which niay, I 
think, be interesting, as relating to some of the points touched upon in 
the preceding paragraphs. ^ 

Paris, December 11, 1813. 

My dear Sir, 

1 SHALL enclose for the Royal Society a paper, containing results that, I 
think, will interest you. You will be so good as to give the paper to Sir Joseph 
^ soon as you have perused it. I have sent him a copy, of which this is a dupli- 
cate. 1 wish that it may be read to the Royal Society as soon as possible. I transmit 
this copy to you, thinking that as you are preparing your Course, you will be glad 
to make an acquaintance with (iodinejji^^att rlh supp orter of combustion. Will you 
have the kindness to inform my BrotE^^th the consents o? the paper ; and request 
liim to use some delicacy in communicating them to Ur. Hope, lest too great a 
shock should be given to the Professor, in finding the lost hopes of oxymuriatic 
acid destroyed. I am only joking, for I know tlio Doctor is at tlic bottom too 
genuine a lover of science, and of truth, and of order, to preserve an aiTangement 
which win have few advocates three moiitlis hence. 

I leave Paris, in a few days, for Auvergne. You can write to me by the 
Transport Board on any matters of science, the letter being open, and sent under 
cover to Monsieur le S^nateur Comte R<^al, Bureau de Police, Paris. Kind 
remembrances to all friends. Lady Davy desires lier best compliments. 

I am, my dear sir, very sincerely yours, 

William Brande, Esq , II. Davy. 

Rqyal Institution, 21, Albemarle Street, London. 

His next letter is written soon after his arrival in Ikily, in 1818*. 

My dear Sir, Idrio^ August 23, 18 1 H. 

I HOPE this letter will not airive before you are not only benedktus but 
beatus ; for if this word can at all apply to man in tliis moi tal state, it is at sucli a 
time, and under such circumstances. 

Since I wrote to you, at Vienna, we have made a very long journey. I have visited 
the most interesting parts of Hungary, Styria, Saltzbourg, and Carinthia, and have 
seen some mountain-scenery <piite os worthy of admiration as any I ever saw in 
the Swiss Alps. I have lived amongst mountaineers purer and more uncor- 
mpted than even the Swiss. We have bad delightful weather, and have had full 
enjo^-roent of Summer, fine but not .sultry, in districts where, without fine weather, 
there could have Ix^en but little pleasure. 

1 aill not write a geological letter, or describe to you the great calcarenu.s 
mountain-chain that runs from Kevnoud, in Hungary, to BerchU*sgarten, in Ba- 
varia, and to the centre of Camiola, with its belts of breccia, its intersections of 
schis^ and its central column of granite. * * * * * Rut I will give you a line 


* The first paragraph relates to my 
marriage. 1 had previously received 
from him the following note, which 1 
insert as a proof of the kindness of his 
feelings, and a specimen of his expres- 
sion of them : 

Venice, June 26, 1818. 

My dear Sir, 

Probably before you receive this 
letter you will be one of the happiest 
men in the world. You cannot be hap- 
pier than I wish yon to be: may you 
long enjoy all the b«t blessmgs that life 
can bestow, and health give relish to. 

We havejj^ a very prosperous jour- 
ney here. The little scientific news there 
is^ I have collected in a letter to Sir 


'Joseph Bonks, which 1 am sure ho will 
show you, and, therefore, will not tiro 
you with repetitions. 

Pray remember me, with the Injst 
wishes that can comt* from a friend, 
whose wishes arc hopes for, and even 
perfect confidence in, your happiness, to 
her whom, in my next letter, I hope* I 
shall have authority to call by your name. 

1 mention Trieste as tife place where, 
if you will be so good as to write to me, 
I shall be sure of receiving your letter. 

I am, my dear Sir, 

very sincerely yours, 

W. T. Bninde, jEsq., ^ If. Davy. 

Royal Institution. 
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on the guidfiUver rntnes, which 1 came here to see. The formation is in intnininous 
schist, which sometimes emits inflammable air, and which alternates with limestone, 
like the Derbyshire. I have this day been down 1 1^0 feet, and returned without 
being salivgied, I pity the poor workmen, who all lose their teeth in a very short 
time. The veins of cinnabar are very bewtiful; and one I saw nearly a foot in 
thickifess. My wife went down with me, and visited the whole mine, which is 
rather a feat to bo talked of for a lady. 

I found a good deal of inflammable air (Carburetted Hydrogen) in the grea^^ 
salt-miue at Ilelstedt; the salt, like the quicksilver here, is in bituminous schist. 

I taught them the use of the lamp, which, notwithstanding the science of their 
imperial proprietor, they were still unacquainted with. A good many men had 
been burned a few months ago. The inflammable air is found in largest quantities i 
where the blue salt is. I liave been again searching in vain for the cause of this 
extraordinary colour. 

I sent, in a letter to Mr. Hatchett, a little of Professor West*s new metal, \ 
Sir^n: I doubt its being a simple substance; perhaps you will try a few experi- 
•flMRs upon it. I believe I mentioned to you, in my last letter, Count StacUon's 
Oxychloric acid; a very curious substance, very like sulphuric acid, and containing 
much more oxygen tlian Gay Lussac's acid. 1 have used detonating powder for ) 
Riviere's gun, made with the oxychlorate of Potassa, to use Stadion^s name, and it ^ 
answers perfectly. 1 am now in the Proteus country, and hope to send Sir Everard 
Home some alive ; I go to the caverns where they are found, the day after to- 
morrow. I have seen nothing, and heard notliing, from England for two months. 
Pray address to me, Rome. I shall probably be there by the middle of October, 
on our way to Naples. 

With every kind wish for your happiness, and that of her most dear to you, in 
whieli my wife joins me, * 

I am, my dear Sir, very sincerely yours, 

Wm. Thos. Brande, Esq., Sec , R. S. H. Davy. 

Royal Institution, Albemai'le Street, London. 

The third letter was ^vritten shortly previous to his return to Eng- 
land, nud to the death of Sir JasEPii Banks, who expired at his villa at 
Spring Grove, near Isleworth, on the 19th of June, 1820. 

Hotel de la Paix, Rue de la Paix, Paris, May 20, 1820. 

My dear Sir, 

It is long since I have written to you, but unless 1 have something to com- 
municate, 1 do not like to trouble my friends; and in Italy, unless 1 rung changes 
upon my own small stock of scientific results, I had notliing to state in the way of 
chemical or philosophical information. 

Here, there is little going on which you will not have seen noticed in the journals. 

A subject which seems to awaken much attention, is the increase of temperature of 
the surface of the globe, at considerable deptlis. If the results can be depended on, 
and are not influenced by accidental causes, the geometricians say they prove that 
at a few miles below the surface, the interior must be intensely hot; of a tempera- 
ture far beyond that produced in any of our artificial operations. The subject is, 
at all events, a very curious one, and, in its geological relations, worth a very mirute 
investigation. * 

Lord and Lady Spencer ore here, and will be here for some time: they this 
morning gave me a piece of nows which I hope is incorrect, but which makes us all 
very uneasy: it is tlmt Sir Joseph is going to resign the chair of the Royal Society. 
***** Pray write me a few lines, to tell me if this be true. Feeling very 
much interested in the progress of science in Great Britain, and in the dignity of 
scientific men, and of the Royal Society, 1 sliall deeply regret such a measur^ if it 
be in contemplation. •*••••• From the way in which Lord Spencer 

expressed himself j 1 have no doubt he would accept the chair; at the same time, 

I did not put the question to him, but Lord Spencer, or***** * * * 
would give dignity to the situation; and scientific Vice Pretidenii^ might keep 
alive the scientific character of the body. •••••• wAia to me by 

return of post upon this subject, which I think is abnost a mtwntd o»ie. 

H 2 
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I aan muoli ob%ed to yon for your Manuaiy which fis the best collection end 
Rmngemoit of Chemical science existing. 1 have given the only copy I have 
received to Sementini, who is going to publish immediately an Italian traiwlation of 
iL 1 preferred middng it subsorviont to the progress of science, to keeping it for 
my own gratification. Lady Davy joins me in kind remembrances to Mm. Bmnde. 
il^lieve me to be, iny dear sir, very sincerely yours, 

Wm. Brande, Esq., Sec. R. S., &c., H. Davv. 

JRoyal Institution, Albemarle Street, London. 

Of Sir Humphry’s latter daj's, the following particulars arc extracted 
firom the interesting narrative of hi s friend ai ^ physician^ Dr. T<^n, 
who accompanied him on his last jounicyTnto Italy, and was witKTuin 
till his death. Dr. Tobi:« says, that on his arrival in London, March 2ti, 
1828, he found Sir 1IuM1®1iry much altered during the four years which 
had elapsed since he last Sii>v him, and it was evident that although his 
mind ivas still vigorous and full of energy, his bodily infirmities pressed 
heavily upon him. On the i lorning of the 21)th of March, he left his 
house in Park Street, Grosvenor Square, for Dover, crossed next day to 
Calais, and then proceeded up the Rhine, and through Styria and 
Camiola, into Italy. lie arrived at Rome on the 18th of November, 
without any remarkable change in Ins health. And, as it ajipcars from 
Dr. Tobin’s narrative, that he frequently ’wjis occupied during the greater 
part of the day in fly-fishing and shooting, his corporeal strength must 
have been considerable. He, howevef, shunned society, and passed his 
evenings, and such days as he kept the house, in being read to, and in 
playing at ecarte^ and in dictating his Piston, In his diary, for instance, on 
the 31st of December, 1828, Dr. Tobin says, Our daily life has hitherto 
been as monotonous as possible. Sir ilumphr}' sees no society, and wishes 
to see none, and his only pleasure and amusement seems to consist in 
shooting. He drives out every day in the surrounding Campagna, often 
to a distance of tw'clvc and fourteen miles from Rome, when he gets 
out, and rides on his pony over the fields in search of quails or snipes. 
On his return, when he is not too much fatigued, he dictates to me a 
continuation of his Visiofiy which he thinks of forming into a series of 
dialogues on religion and other subjects ; and our evenings arc spent as 
they have been ever since we left Calais, with a game or two at cards, 
and with my reading to him different works, principally Englisli and 
French, which he procures from a circulating library in the Torso. I 
have formed no acquaintances, as Sir Humphry ivishcs me not to do so ; 
but when 1 have copied off the morning’s dictation, 1 often hike.«'i 
solitary walk in the garden of the Pincio, to St. Peter’s, or to the 
Colosseum." — (Tobin’s Journal^ p. 196.) • 

On the 20th of Februaiy, 1829, Sir 11. Davy was attacked with a 
renewed stroke of palsy*, which had nearly proved fatal, and which 
induced Dr. Tobin to write to Dr. Davy at Malta, and to liady Davy in 
Ixmdon; the former arrived at Rome on the 15th of March, and the 

* The first symptoms of this disease 
seem to have alarmed him in the year 
1826, and to have appeared after his 
exertions on the 30th of November in 
: |I^ year, on whidi ooeasion he delivered 
ills last discourse, at the anniversary 


meeting of the Royal Society; and some 
weeks afterwards, whilst upon a shooting 
excursion with L^ Gage, in Sussex, bo 
was seised with a more alarming attack, 
fWmi the Immediate eflTects of which ho 
however soon rallied. 
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latter on the 80th. By this time Sir Humphry had considerably 
regaiifbd die power over his limbs, and wus able to lie upon the so& the , 
greater part of the day. It seems impossible,*' says Dr. Tobin, for* ^ 
him to esfst without being read to, and on one day, I read Shakspeare 
to him for nine hours.'* 

On the 30th of April, Sir Humphry, now accompanied by his wife and 
brother, left Rome, and passing through Sienna, Florence, Genoa, and^ 
Turiii, over Mount Cenis, reached Geneva, on the 28th of May ; on the* 
29th, the following is recorded in Dr. Tobin's Diary, “ I quitted Sir 
Humphry yesterday evening, after having read to him as usual till about , 
ten o'clock. Our book was Smollet's Humphrey Clinker,, and little did ;• 
1 think it was the last book he w'ould ever listen to. He seemed in 
tolemifiiic spirits, but upon going to bed wvos seized with spasms, which, 
however, were not violent, and soon ceased. I left him when in bed, 
and bidding me good night," he said I should sec him better in the 
morning. Lady Davy and the Doctor also quitted him, and George (his 
servant) went to bed in his master's room, as he always had done since 
Sir Humphry's illness at Rome. At six o’clock this morning. Lady 
Davy's man-servant came to my room, and told me that Sir Humphry 
was no more ! I replied that it was impossible, and that he probably 
only lay in a torpor ; but I went doum to his room instantly, when I 
found that the servant's words were, alas ! ^ut too true . I asked George 
%vhy he liad not called me, when he ssu3^ that he had sent up, but now 
found that it had been to a wrong room. He told me that Sir Humphry 
w^ent to sleep after we had left him, but that he twice waked, and that ' 
at half-past one, hearing him get out of bed, he went to him, when Sir j 
Humphry said he did not want his assistance, •and poured some solution * 
of acetate of morphine into a uine-glass of water; but this still 
remiiincd untouched upon his table. Geoige then helped him into bed, 
where, he says, he lay quite •^till till a little after two o'clock, when 
hearing him groan, he went to him, and found that he was senseless and ; 
expiring. He instantly called up Lady Davy and the Doctor, and sent ' 
up, as lie believed, to me ; but Sir Humphry, he says, never spoke 
again, and expired without a sigh. 

1 had so often, whilst aVRome, seen Sir Humphry lie for hours 
together in a state of torpor, and to all appearance dead, that it was 
difficult for me to persuade myself of the truth ; but the delusion aQ 
length vanished, and it became too evident that all that remained bcfbrs 
me of this great philosopher, was merely the cold and senseless frame! 
with w'hich he h^ w'orked. Tlic animating, .spirit had fled to it^ 
sc]lfdmagiQ,e^^^ world, to join the rejoicing sbiils of the 

great from system to systexx^i^ 

them still to do good in sphera, m 
thaOt wasTreed”!^^ many ajyeariSQme^ W^ Yet I co^d 

noT^iook-* upon- Sir as he was, without remembering .that 
which he had been, and my tears would fall, spite of my eflbrt to restrain; 
them.” 

The following memorandum, relating to the last hours of his broihet^g 
life, is given by Dr. Davy, (Memoirs, vol. ii., p. 365.) Onthe 28t]i of 
May, 1829, we arrived at Geneva: at five, he dined at table and made 
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a tolerable dinner ; after dinner he was read to, according to custom. At 
nine o'clock, he proposed to go to bed. In undressing, he struck his 
elbow against the projecting arm of the sofa on which he sat : the effect 
was very extraordinary; he was suddenly seized with an universal tremor; 
he experienced intense pain in the part struck, and a sensation, he said, 
as if he were dying. He was got into bed as soon as possible. The 
painful sensations quickly subsided, and in a few minutes were entirely 
gone. There was no mark of hurt on the elbow, no pain, or remaining 
tenderness ; and the effect of the blow perplexed him no less than it did 
me : a slight feverish feeling followed, which he thought little of ; he 
took an anodyne draught of acetate of moipbia, and then desired to be 
read to, that he might be composed to sleep by agreeable images. 

About half-past nine he wished to be left alone, and 1 took my 
leave of him for the night, and for ever on earth. Ilis servant, who 
always slept in his room, called^ me about half-past two, saying he was 
taken very ill. I went to him immediately; he was then in a state of 
insensibilityj his respiration extremely slow and convulsive, and the pulse 
imperceptible: he was dying; and in a few minutes he expired. I thank 
Qod I was present to close his eyes. In death, his countenance was 
composed, and of its mildest expression, indicative of no pain or suffering 
in the separation of the immortal from the mortal pirt. This fatal 
moment was about three, a. m., on the 29th of May." Ilis remams ^re 
dej^iSied on the 1st of June in the btnying-gfound, without the walls 
of Qeneva, and close to the grave of Professor Pictet. 

The theory of definite proportionals vras adopted and illustrated by 
Sir H. Davy, and his Elements is the first publication in which it was 
generally applied. This theoiy received, about the same time, extensive 
elucidation at the hands of M. Gay Lussac, but its promulgation in this 
country is chiefly to be attributed to Dr. Wollaston, whose admirable 
suggestion of a synoptic scale of chemical ^ui^ent&,''already referred to, 
was brought before the Royal Society in November, 1813. Alany years 
previous to this he had established the important doctrine of multiple 
proportions, in a paper On Super-acid and Sub-acid Salts," printed in 
Oie Philosophical Transactiims fox the year 1808: he now showed the 
important practical applications of which tjbe theory was susceptible, and 
by connecring the 8(^e of equivalents with Ocnter's sliding rule, has 
put into the hands of the chemist an instrument infinite in its uses, and 
equally essential to the student, the adept, and the manufacturer. 

Dr. Wollaston's first contribution to the Transactions of the Royal 
Society was in June, 1797) being an essay On Gouty and Urinous Con- 
eretions^ in which he made known several new compounds connected with 
the producrion of those maladies, in addition to the uric combinations 
previously discovered by Scheele: these were. Phosphate of Lime; Am- 
monia-magnerian Phosphate; a mixture of the two forming the fusible 
Galculus; Oxalate of Lime; and, more lately, he added Cystic O^de to 
the list of his previous discoveries. {PhU. Trans.^ 1810.) In 1804 and 
1806, he made known Palladium and Rhodium, two new metals con- 
tained in the ore of platinum, and associated with Osmium and Iridium, 
discovered about the same time by Mr. Tennant. In 1800, he showed 
' tliat the supposed new metal. Tantalum, was identical with Columbium, 
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previously discovered by Mr. Hatchett; and shortly before his death, 
whicfi happened in December, 1828, in the fifty-third year of his age, he 
transmitted to the Royal Society the Bakerian Lecture^ in which he fully 
desoribes*his ingenious method of rendering platinum malleable. 

Br. Wollaston made a few other chemical communications to the 
Royal Society, but his papers are chiefly on subjects more immediately 
connected with physical and physiological inquiries: they are all remarl^- 
able for the singular and satisfactory simplicity of his experimental 
methods, for the perspicuity of his theoretical deductions, and for the 
extreme caution with which he touches upon generalizations and hypo- 
thesis. Ilis uncommon tact, neatness, and dexterity as an experimental 
c'hcmist, will never be forgotten by those who had an opportunity of 
witnessing his performance of any analytical operation; he practised a 
peculiar method of microscopic research, in which he willingly instructed 
those who asked his information ; and we owe to him numerous abbre- 
viations of tedious processes, and a variety of improvements in the appli- 
cation of tests, which have gradually become public property, although 
he never could be induced to describe his manipulations in print, or to 
communicate to the world liis happy and peculiar contrivances. 

Of Dr. Wollaston, I am afraid no authentic biography has as }’et 
appeared : the following are a few memoranda respecting his last illness, 
which were obtained from conversation, at the time, with some of his 
intimate friends. 

In the month of May, 1828, Dr. Wollaston accompanied a friend to 
Stockhridge on a fishing excursion, and then expressed some alarm about 
a numbness in his loft arm, which he said he had long called rheumatism, 
but which he now considered as a paralytic symptom ; he w'as more espe- 
cially apprehensive respecting it, in consequence of several of liis family 
having suffered from that disease. He was also subject to frequent and 
violent headiu*hs, which he relieved by a dose of pow dered Colombo, and 
sitting perfectly quiet for half an hour; on these occasions he would desire 
not to he spoken to, remain perfectly still, and then get up and say that 
he w'as “ himself again." In the month of Septemlw, he went upon a 
shooting excursion to ^Ir.WiirruKKAD’s, in Bedfordshire, where he remained 
eight days, and enjoyed his sport: one evening ho jokingly said. For the 
first time in my life I count my game by the quarter of a hundred.'* having 
killed twenty-five bead; ho returned home better in health, but soon after 
the sensation in his arm became >vorse, iuid whilst staying with Mr. Blake 
in Hertfordshire, he felt so unwell and uncomfortable as to bo obliged to 
return home a day or two earlier than he intended. In the course of the 
following week, symptoms more decidedly alarming came on ; the use of hi** 
arm was much impaired, and the muscles of the face and organs of speech 
were affected: his mental faculties, however, remained entire to the last. 
He was sedulously attended by several medical friends, and especially 
by Dr. James Somerville, who remained in the house during his illness, 
and until his death. 

The loss of two such men as W^L^i^sTpy and Da^ . within the diort 
period of six months, and scarcely beyond [the prime of life, was a 
serious national calamity: the sketch which I have given of their labours 
is a most imperfect outUne; but it would have been improper and indc^ 
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corous to have dismissed this brief History of Chemistry without such 
notice, and I shall conclude with the following delineation of their intel- 
lectual portraits, for which we are indebted to Dr. Henry. {Elem. of 
Chem.y 11th edit., viii.) 

To those high gifts of nature, which are the characteristics of genius, 
and which constitute its very essence, both those eminent men united an 
upwearied industry and zeal in research, and habits of accurate reasoning, 
without which even the energies of genius are inadequate to the achieve- 
ment of great scientific designs. With these excellencies, common to 
both, they were nevertheless ^stinguishable by marked intellectual pecu- 
liarities. Bold, ardent, and enthusiastic, Davy soared to greater heights; 
he commanded a wider horizon; and his keen vision penetrated to its 
utmost boundaries. His imagination, in the highest degree fertile and 
inventive, took a rapid and extensive range in pursuit of conjectural 
analogies, which he submitted to close and patient comparison with 
known facts, and tried by an appeal to ingenious and conclusive experi- 
ments. He was imbued with the spirit, and was a master in the practice, 
of the inductive logic; qnd he has left us -some of the noblest examples of 
the efficacy of that great instrument of human reason in the discovery of 
truth. He applied it, not only to connect classes of facts of more limited 
extent and importance, but to develop great and comprehensive laws, 
which embrace phenomena that are almost universal to the natural world. 
In explaining those laws, he cast upon them the illumination of bis own 
clear and vivid conceptions; — ^he felt an intense admiration of the beauty, 
order, and harmony, which are conspicuous in the perfect Chemistry of 
Nature; — and he expressed those feelings with a force of eloquence, 
^hich could issue only firom a mind of the highest powers, and of the 
finest sensibilities. With much less enthusiasm from temperament, Dr. 
Wollaston was endo^^ed with bodily senses of extraordinary acuteness and 
accuracy, and with great general vigour of understanding. Trained in 
the discipline of the exact sciences, he had acquired a powerful command 
over his attention, and had habituated himself to the most rigid correct- 
ness, both of thought and of language. He was sufficiently provided with 
the resources of the mathematics, to be enabled to pursue, with success, 
profound inquiries in mechanical and optical philosophy, the results of 
which enabled him to unfold the causes of phenomena, not before under- 
stood and to enrich the arts, connected with those sciences, by the inven- 
tion of ingenious and valuable instruments. In Chemistry, ho was dis- 
tinguished by the extreme nicety and delicacy of his observations; by 
the qqickaess and precision with which he marked resemblances, and 
discriminated differences ; the sagacity with which h^devised experiments, 
and anticipated their results; mi the skill with which he executed the 
analysis of iiagments of new substances, often so minute as to be scarcely 
perceptible by ordinary eyes. He was remarkable, too, for the caution, 
with which he advanced from facts to general conclusions ; a caution 
which, if it sometimes prevented him from readbing at once to the most 
sublime .truths, yet rendered every step of his ascent a secure station, from 
which it was easy to rise to higher and more enlarged inductions.*' 
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Chapter I. 

HOMOGENEOUS ATTBACTION. CRYSTALLIZATION. 

It is the object of Chemistry to investigate the causes and effects of all 
changes in the constitution of matter, whether produced by heat, mixture, 
or other means. Its general range, therefore, is so extensive, and the 
individual cases requiring explanation so numerous, that Arrangement is 
of the utmost consequence to its successful study. In the present state of 
our knowledge, it will be found most convenient to begin with the dis- 
cussions relating to the general powers or properties of matter^ and after- 
W'ards to proceed to the examination of individual substances^ and to the 
phenomena which they offer when presented to each other under circum-* 
stances favourable to the exertion of their mutual chemical agencies. 

The powers and properties of matter, connected >vith chemical changes, 
may be considered tinder the heads of llomogeneous Attraction, or Aggre- 
gation; Heat; Light; Chemical Attraction, or Affinity; Electricity and 
Magnetism. 

§ 1. — Attraction. Aggregation. Crystallization. 

Attraction may be regarded as acting at sensible and at insensible dis- 
tances. In the former case, it is called gravitation. It is the power by 
which substances are propelled towards the earth ; it exists^ in sdl known 
forms of matter; and it acts directly as the mass, and inversely as the! 
square of the distance: restrained % inertia^ it preserves the planetary | 
bodies in their orbits, presides over their movements, and tends to confer j 
upon the system of the universe that consummate harmony which the 
genius of Newton unveiled. 

Attraction is also exerted at insensible distances, and among the 
minutest atoms of matter. It thus preserves the form, and modifies the 
texture, of solids ; gives a spherical figure to fluids; causes the adhesion of 
surfaces; and influences the mechanical characters of bodies. The difr 
ferent forces wit& which it is exerted are seen in the different textures of 
solid bodies, which are sometimes exceedingly hard and difficultly divisible, 
as the diamond, rock-crystal, &c., others are comparatively soft or brittle^ 
and exhibit less intensity of aggregation, such as chalk and calcareous 
spar; and in others the power is so modified as to produce plasticity, 
porosity, elasticity, and jtenacity, as seen in clay, sponge, caoiit<ffioac, and 
iron wire. 
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As ihe results of gravitation are counteracted by those of ijiertia, so 
the influence of aggregation is opposed by a repulsive force, appufently 
* due to the various agencies of heat; and it is probable that the various 
states or forms of matter are chiefly dependent upon the relative ihteiisities 
of these antagonist forces. In solids aggregation predominates so us to 
prevent their particles freely moving upon each other ; but in fluids they 
move upon each other with the utmost ease, and in some more readily 
{ban in others; hence their division into liquids or inelastic fluids^ and 
der^ortn or elastic fluids ; the dimensions of the former are not mate- 
rially influenced by pressure; but the latter are indefinitely compressible, 
and their bulk constiintly varies with the pressure to which they are sub- 
jected. The influences of heat upon the forms of matter will be fully 
discussed in the section upon that subject. 

The mutual attraction between the surfaces of solids and li<j[uids 
gives rise to the phenomena of capillary attraction^ so called from its 
causing the visible rise of fluids in tubes of very small bore: thus, if a 
tube, with a capillary bore of one-fiftieth of an inch, be dipped at one 
end into a glass of water, the water rises to about 2^ inches, and the rise 
is great in proportion to the smallness of the bore of the tube. If two 
plates of glass be so held as to form a very acute angle ^vith each other, 
and the lower edges dipped into water, the liquid rises in the form of a 
curve (hyperbola) between the plates, rising highest where the space be- 
tween them is least. It is in consequence of this species of attraction 
that a drop of water pressed upon a solid surface wets and adheres to it; 
and that the surface of the water in a tumbler is not truly level, but a 
little elevated upon the edges. These phenomena of capillary action 
depend upon the nature of the substances presented to each other ; thus 
the water will not rise upon greasy glass, or wax ; and hence also different 
liquids rise to different heights in the same tube, independent of their 
specific gravities, and of their relative degrees of viscidity; and mercury 
not only does not rise, but is depressed in the bore of a common glass 
tube; so that, unlike water, it presents a convex instead of a concave 
surfiioe, when poiu^d into a glass. The rising of fluids in porous and 
8p<mgy bodie^ the ascent of oil or spirit in the wicks of lamps, the diffu- 
raon of moisture in the earth, and the distribution of the juices of plants, 
are a few of the important consequences of capillary attraction. 

The results of attraction, as relating to the shape and form of matter, 
are influenced by the circumstances under which it has taken place. 
Sometimes the particles are, as it were, indiscriminately collected: at 
others^ ^ey are beautifully arranged, producing regular and determinate 
figures; in this case, bodies of the same composition often affect the same 
form; hence we are not unfrequently enabled to infer the composition of 
a su1»tance fiom accurate inspection of its external or mechanical cha- 
racters. Absolute identic of form, however, is not necessarily associated 
with identity of composition, for certain substances may be substituted 
for each oth^ in emnbination, without affecting the f<»m of the compound. 
Thus the arseniate and binarseniate of soda Imve the some forms as the 
phoq^bate and biphos^iate of soda; and the arseniate and binarseniate of 
ammonia resemble the phosphate and biphosphate of that alkali. Pro- 
fessor Mitscherlich*, to whom we owe Aese and other facts connected 
* Afun. de Chimie et tom. xiv. xix. »iv. 
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with the subject, which we shall consider afterwards, terms such salts 
isonibrp/ious^ and has shown that there is a remarkable analogy in the 
chemical arrangement of their constituents. Thus, in the above instances, 
the proportionals of acid, of base, and of water of crystallization^ correspond; 
and die has traced a similar correspondence in the atomic constitution of 
the acids of the salts. 

The regular polyhedral solids resulting from this influence of attraction, 
are usually called crystals; and the bodies are said to be susceptible it 
crystallization. To enable the particles of bodies to assume that regular 
form which crystals exhibit, it is obvious that they must have freedom of 
motion; and, accordingly, the first step towards obtaining a body in its 
crystalline form, is generally to confer upon it either the liquid or aeri- 
form state *. The former is usually effected by solution in water, alcohol, 
or other liquids; the latter by exposure to heat. 

When common salt is dissolved in water, its particles may be regarded 
as disposed at regular distances throughout the fluid ; and if the quantity 
of water be considerable, the particles will be too far asunder to exert 
reciprocal attraction : in other words, they will be more powerfully attracted 
by the water than by each other. If we now slowly get rid of a portion 
of the water by evaporation, some of the saline particles will gradually 
approach each other, and they will aggregate according to certain laws, 
producing a regular solid of a cubic form; another portion of the salt will 
remain dissolved in the residuary water, which is usually called the 
mother liquor or water. 

When crystallized substances arc slowly 
acted upon by water, its influence is often 
curiously modified by the texture of the 
saline mass, (Daniell, Quart. Joum.^ 1.) If, 
for instance, we take a shapeless lump of 
alum and plunge it into a tumbler-full of cold 
water, we shall observe that in a few days 
the surface of that salt will be eaten and 
carved out into a variety of regular forms, 
somewhat as represented in the annexed cut. 

If we now put a drop of the solution con- 
tained in the tumbler upon a plate of glass, 
we shall perceive, as the water slowly eva- 
porates, tl^t the particles of alum wUch it 

* There are, however, some cases in occasionally enquire, which have served 
which solid bodies suffer a change in their for the hearths of furnaces, and have been 
molecular arrangement, analogous to ciys- exposed for along time to a heat far below 
tallization : this is frequently seen in their point of fusion. Mitscherlich has 
borleysugar drops wliich have been long stated the carious fact, thatacrystal of sul- 
kept, and acquire a granular textnre; in phateofmagnesia,whenheatedinoiltoa 
old brass-wire, which gradually becomes temperature a little above 12^ becomes 
brittle; and in Mr. Gregory Watt's ex- opaque, and, when broken, is found to 
periment on the slow cooling of certain consist ofa number of individual crystals, 
substances wMch have been heated. — easily separable, and arranged from the 
{Phil. Tram. 1804, p. 279.) surf^ inwards : the same happens with 

Dr. MaccnllochhM notice the crystal- sulphate of zinc. See also M. Metlhum’s 
line texture that some kinds of san&tone Memoir, Quart. Jour., vbL u, p. 128. 
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contained congregate into regular forms, which, when examined by a 
common pocket lens, appear as below, and are small and beautifully 

formed eight-sided figures, or octoedra. In 
this case the water is said to be tlfe solvent 
of the alum, and the process by which<*it is 
obtained in regular forms or crystals^ is 
called crystallization. In this and similar 
instances, the crystals are liable to certain 
modyications s thus, among the little octoe- 
drons, to which we have adverted, it is not 
uncommon to find some, the angles of which 
are cut oflF, or truncated^ or replaced by secondary surfaces; sometimes 
the edges too are similarly modified, and the crystals assume these figures: 

Truncated Angles. Truncated Edges. Truncated Edges and Angles. 

Most of the saline substances, soluble in water, may be thus exhibited 
in a crystalline form; and as each substance usually assumes a distinct 
figure, or is characterized by some obvious, and, at the same time, peculiar 
properties, we are often enabled to pronounce upon the chemical nature 
or composition of a body, by a careful examination of its crystalline forms; 
and such experiments are piirticularly neat and satisfactory, in consequence 
of their facility, and the small scale upon which they may be performed: 
for the figures of the smallest crystals obtained from a drop of their 
solution, resemble the large ones formed in gallons of it; and although, 
in collecting specimens of crystallized salts, it is convenient to have them 
large and perfect, the smallest ones that may be viewed through a micro- 
scope furnish the chemist with equally satisfactory evidence of the nature 
of the dissolved salt: — ^for instance, put a tea-spoonful of common salt, 
nitre, Glauber s salt, and Epsom salt, into separate >vine-glasses: fill them 
up with water, and occasionally stir their contents to help the solution: 
the next d^ ^e a drop of the clear liquor, with a glass rod, out of each 
of the wine-glasses, and place them side by side upon a strip of clean 
plate-glass, which may be placed upon a chimney-piece, or somewhere 
very gently warmed. As the water evaporates, the salts will crystallize, 
and we shall observe the following figures appropriated to each: — ^the 
common s^t exhibits cubes — ^the Epsom ^vXi^four-sided prisms — the nitre, 
six-sided prisms — the Glauber’s salt, striated six-sided prisms. 
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pie Olaubei^s salt and the nitre might possibly at first he mistaken 
for each other, hut, while the latter remains unaltered by exposure to 
air, the former soon loses its transparency, and crumbles down into white 
powder. Salts which behave thus are said to effloresce^-, other salts, 
instead of thus spontaneously parting with a portion of their water of 
crystallizaiwn^ attract moisture from the air, or deliquesce^ as is the ease 
with carbonate of potassa, or, as it is commonly called, salt of tartar: alum 
and many other salts, although they contain water, do not thus part with 
it, and are permanent in the air. . But water is not necessarily contained 
in all crystals: there is none, for instance, in nitre; and such are called 
anhydrous salts’^. Some salts require a high temperature, to deprive 
them of water. This is the case with gypsum or sulphate of lime, which 
is commonly found in large transparent crystals, permanent in the 
air ; but at a red heat they lose one-fifth their weight of water, and 
crumble down into the white powder commonly called plaster of Parts,, 
which is, therefore, an anhydrous sulphate of lime, and which, when 
mixed with a little water, again combines with it, and concretes in the 
act of combination; hence the use of this substcince for forming casts 
or impressions, as seen in mouldings, busts. See, Efflorescent salts 
may sometimes be conveniently preserved by slightly oiling their sur- 
faces, or by soaking them for a few hours in olive oil, and then wiping 
them and putting them in bottles. The action of heat upon salts 
is much influenced by their relative quantities of water of crystalliza- 
tion ; it renders some of them, such as sulphate of soda, extremely 
fusible; from others the water evaporates before fusion, and occasions 
the efflorescence of the salt; and if contained in their pores, it causes 
them to decrepitate,, or fly to pieces when heated, with a peculiar 
crackling; but this effect more generally depends upon the sudden 
expansion of the outer crust of the crystal, and its bad conducting pow'^er 
for heat. 

The regularity of the figures of crystals will be influenced by the 
rapidity of the evaporation ; if the process be slowiy conducted, the 
particles unite >vith great regularity; if hurried, the crystals are irregular 
and confused. Loaf-sugar and sugar-candy furnish good instances of such 
modifications. In common cases, the evaporation may be continued till 
a pellicle forms upon the surface of the solution, which indicates that the 
attraction of the saline particles for each other is becoming superior to 
their attraction for the water. The formation, therefore, of a superficial 
peUicle is the common criterion of the fitness of a solution for crystalliza- 
tion; but where the object is to obtain very regular and very large crystals, 
the evaporation must be much slower, and carried to much less extent; 
even spontaneous evaporation^ or that which takes place at common tem- 
peratures, must be resorted to. 


* Tliis property of cfflorescenco would 
appear in some cases to depend upon su- 
perficial fracture, for Mr. Faraday found 
that crystals of carbonate, phosphate, and 
sulpluite of soda, having no parts of their 
surfaces broken, and carefully preserved 
from external violence, remained perfect ; 


but upon breaking or scratching thdr sur- 
face efflorescence began at that part, and 
covered the whole.-^f’AtA TVm., 1834. 
p.74.) 


f Anhydrous is a term derived firom 
the Greek, signifying loUhoui water. 
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H It is in this .way^’that 

i^v 'A the gigantic crystals of 

sulpliAte of magjjiesia and 
■ of nitrate of potassa^^ re- 
H presented in figs. 10^ and 
procured; they 

,w K are here inserted, to show 

W w '^^1811 perfection of 

I \ ^ 1 r IMI slowly depo- 

d ^ ■I sited in large quantities of 
^ ^ \f their solutions, as con- 

trusted with the microsco- 

I I Hr||| pic forms described above. 

I There are certain bodies 

I \ IHsn which may be dissolved 

liquefied by heat, and, 
I HU during slow cooling, may 

I I made to crystallize. 

If 1 1 1 1 ^ ' T? n lii many 

III III M mIH metals; and among 
nil I I ||P^ them bismuth furnishes, 

uUJUJiP^ when carefully managed, 
Epsom Salt, or Sulphate of Saltpetre, or Nitrate of the mOSt beautiful rCSUltS ; 

Magnesia. Potassa. pUrpOSC a fcW 

pounds of it should be melted in a deep iron ladle or crucible, and, as 
soon as the surface has concreted, it should be punctured w’ith a pointed 
iron rod, and the liquid metal immediately poured out from the interior; 
on carefdly breaking the hollow ingot thus obtained, the interior cavity will 

be found lined with dissected cubical 
crystals, fig. 12. Sulphur may be ar- 
tificially crystallized by a similar pro- 
cess, and fhmishes beautiful heaps of 
delicate prisms. The masses of crys- 
tallized spermaceti often exhibited in 
shop windows, are obtained in the 
same way; and it is probable that the 
cavities in rocks and veins, bearing 
marks of igneous fusion, and often 
lined with magnificent specimens of 
crystalline minerals, owe their origin 
^ ^ to some analogous process. 

There is another way of showing 
the crystalline texture of metals, which, with some of them, answers 
very well. It consists in washing over a thin plate of the metal with 


Saltpetre, or Nitrate of 
Potasso. 


Cryitallizatiou of Bismuth. 


some acid which acts slowly upon its surface. If tinfoil or tin-plate be 
thus washed over with dilate nitro-muriatic acid, the crystallization of 
the tin is often rendered beautifully manifest: this has been applied to 
ornamental purposes, under the name of moitie mHallique^ and different 
colow are easily given to the reflecting sur&ce of the metal by the 
application of transparent Taiiii8he8.-«<See Tin for more full details of 
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this procsss). Mr. Daniell also deyelopcd the crystalline texture of 
sevcrd of the metals by steepug masses of them in acids, Y>y which their 
surfaces urere carred out like the alum in water. 

When bodies are raised' in vapour, and this is again condensed into 
the Mid state, the process is generally called sublimation^ and is not 
uncommonly resorted to to obtain such volatile matters in the form of 
cryshils. The appearance of camphor^ when thus slowly sublimed, is often 
extremely beautiful ; so also that of Benzoic acid. Iodine is another body 
well calculated for the experiment: put a little of it into a clean Florence 
flask, and gently heat it; it will presently be converted into a deep violet 
vapour, which subliming to the cold parts of the vessel, will there con- 
*dense in small brilliant crystals, of an octocdral and rhomboidal figure. 
There is a substance called Naphthalin, obtained during the distillation of 
coal-tar, and which may commonly be procured at gas-works: when pure, it 
is wliite and crystalline, and if heated in a large phial or flask, its vapour 
congeals in lamellar crystals of extreme tenuity, crossing each other 
in all directions, and exhibiting a very singular appearance. Calomel 
and corrosive sublimate may be crystallized by a similar process, but the 
temperature required for their sublimation is considerable; and good 
crystals can only be obtained by operating upon large quantities, and 
subliming them very slowly. W'hen flakes of snow are examined, they 
are found to be a congeries of crystals of ice produced by the cooling of 
the vapour of water. 

Some substances are so easily decomposed by heat, and at the same 
time retain water with such avidity, that it is impossible to crystallize 
them by any of the above processes: in these cases, crystallization may 
sometimes be effected by placing the solution under the exhausted 
receiver of an air-pump, over a surface of sulphuric acid, which, by 
absorbing the vapour as it rises, causes rapid evaporation at a low 
temperature. 

ISomc salts may be brought to crystallize by the addition of substances 
having a strong affinity for water, by which its attraction for the dissolved 
matters is w'cakened: thus alcohol, added to certain aqueous saline 
solutions, produces a separation of crystals, but they are generally small 
and indistinct. 

When two salts of different solubilities arc present in the same solu- 
tion, they often may be separated by crystallization, that which is least 
soluble constituting the earlier crop of crystals. This method, however, 
is frequently ineffectual, especially with isomorphous salts, and with such 
as form triple combinations. When the sulphates of iron and copper aie 
in solution together, ciystals may be obtained of the same form as those 
of sulphate of iron, but containing variable proportions of sulphate of 
copper : in the same way the sulphates of zinc and manganesCy and of 
magnesia and manganesCy crystallize together. In all these cases an 
atomic analogy prevails in the composition of the salts. The fbrmatioii 
of triple salts is also a common occurrence : a familiar instance is afforded 
by the tartrates of potassa and of sodoy the solutions of whidi^ when 
mixed and evaporated, yield a crop of distinct tri^e crystals. 

Crystallization is accelerated, by introducing into the solution a 
nticleusy or solid body, upon which the process bqpns; andmanufac- 
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atbil themselves of this circumstance. Thus we 
CiystalKzed upon strings, and verdigris upon sticks* There ore 
cases in which it is particularly advantageous to put a few crystals of the 
dissolved salt into the solution, which soon cause a crop of fiesh ciystals. 
And if, for this purpose, we select very perfect forms, they will increase 
in size as the evaporation pro^eds, and being daily turned, so that all 
•ddes may receive increments of solid matter in succession, they often 
produce large crystals of great perfection ; but, in proceeding thus, care 
must be taken not to elevate the temperature of the solution, for if it be 
raised only a few degrees, portions of the newly-formed crystals arc 
generally redissolved. In some instances, if there be two salts in solution, 
that will most readily separate of which the crystals have been introduced.' 
Thus, if w’e dissolve tw’O parts of nitre and three of sulphate of soda in 
five of warm w’ater, and fill two bottles with the solution, putting into 
one a crystal of nitre, and into the other a crystal of sulphate of soda, 
and placing both in ice-cold water, nitre only will crystallize in the one, 
and sulphate of soda in the other. 

A strong saline solution, excluded* from the air, will frequently crys- 
tallize the instant that air is admitted. For this purpose a strong solution 
of sulphate of soda may be most conveniently used : it should be poured 
whilst hot into a flask, and tied over with two or three layers of bladder; 
or if the orifice be small, it may be secured by a good cork : when cold 
it remains liquid, but on perforating the bladder, or withdrawing the 
cork, it shoots into a fibrous mass of crystals. This phenomenon has been 
unsatisfactorily referred to atmospheric pressure. (Gay Lussac, Ann, de 
Chim.^ vol. Ixxxvii.) Mr. Graham {Edinb. PhU, Trans,^ 1828,) ascribes 
it to the chemical union of air with the water holding the salt in solution. 
In other cases, agitation produces the same efiect. These phenomena 
are connected with the doctrine of latent heat, but hitherto they have 
only been imperfectly investigated ; in some cases they have been shown, 
by Dr. Ure, to be affected by electrical changes ; he found that, in the 
voltaic circuit, ciystallization always began at the negative pole ; but as 
alkali is there elicited, it may have tended to accelerate the process ; or 
the acid evolved at the positive pole may have retarded it. {duarterl^ 
Journal^ vol. x., p. 6.) 

The presence of light also influences the process of crystallization. 
Thus we see the ciystals collected in camphor-bottles in druggists' windows 
always most copious upon the surface exposed to light ; and if w'^e place 
a solution of nitre in a room which has the light admitted only through 
a small hole in the window-shutter, crystals will form most abundantly 
upon the side of the basin exposed to the aperture through which the 
l^ht enters, and often the whole mass of crystals will turn towards it 
Cte looking over the preparations upon the shelves of the laboratory, we 
frequently meet with o^ogous cases of crops of crystals formed upon 
the sides of the bottles facing the windows. 

Many saline solutions form arborescent crystalline pellicles, when left 
to spontaneous evaporation, which slowly travel up the sides of the basin, 
and^ gradually proceed down upon the outside ; this process also always 
begins on the nearest the light, and is often confl^d to it. Acetate 
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* 1%6 of crp^k ^ tiS^j mo(|i!Bed in a remarli^ble manner 

by metl^um fitmi wMdbf'ib^y am d^sited) independent of any 
cKemical^Kaage: fhim in and mudd|y %mds the oiystals are us^ 
depdsitedl iti their simplest forms ; in gelatinous and saccharine solutions 
crjitals are generally single, and remarkably sharp and regular. Com- 
mon salt deposited fimm an aqueous solution containing urea, crystallizes 
in oetoe'dra instead of cubes, which is its usual figure ; and sal ammoniac, 
under the same circumstances, forms cubes, whereas in pure water its 
ciystals are octoedral. Berzelius says, that very large crystals of nitre 
may be obtained from its solution in boiling lime-water, which has no 
analogous effect upon other salts. 

Some substances remarkably interfere with the appearance and forms 
* of crystals, although contained in them in yery minute quantities ; this is 
especially the case with some of the hydrocarbons. If one part of the 
substance obtained by the compression of oil-gas, and which always exists 
as vapour in it, be mixed with 6 or 10 parts of strong oil of vitriol, a 
dark liquor is produced ; from this, when diluted with water, filtered, 
and converted by the addition of carbonate of potash into a sulphate of 
potash, a salt is obtained, which, upon crystallization, is nacreous, in the 
form of scales, and has nothing in its appearance common to sulphate of 
"potash : it ifi however that salt ; and is thus affected by the presence 
of a substance which sometimes does not amount to a two-hundredth part 
of the salt. The same substance has a still greater power over the sul- 
phate of copper, and in increased quantities (still comparatively small), 
influences the appearances of a great many saline bodies. 

Independent of the beautiful application of the process of ciystalliza- 
tion in refined chemistry to determine the nature of bodies by the careful 
inspection of their forms, the manu&cturer avails himself of it to cleanse, 
purify, and prepare a number of substances useful in the arts, the purity 
of which is often judged of by the regularity and perfection *of their 
crystalline figures. Common salt is thus obtained by the evaporation of sea- 
iwater, and of brine-springs, in consequence of its tendency to CkystalHze 
in hot liquors, which retain the other salts that are present in more per- 
manent solution. Epsom salt, or sulphate of magnesia, is freed by crys- 1 
tallization firom the muriate of magnesia with which it is mixed in the 
residue of sea-water, after its common salt has been taken out: the 
muriate is very difficultly crystallizable, and remains in what is called^thd 
mother liquor^ or residuary solution, which, on account of its exoei^iVf 
bitter taste, is known in our salt-works under the name of bittern. Nite ^ 
is refined, by the fiEicility of its crystallization, for the manu&cture W 
gunpowder, and so cleansed of common salt and other impurities with 
which it 18 usually contaminated in the state in which it is imported from 
India. Numerous other instances of the application of the pro<^ 
crystallization to the j^uiposes of the arts and manh^ctures, w^ 
in the sequel. 
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§ 2.— Theories of CRYSTALLiZATf6N* 

We may now proceed to notice the structure of crystallized bodies, upon 
which the Theories of Crystallization are founded. 

It has already l^en observed, that crystallized bodies, natural and 
artificial, affect one form in preference to others. The fluor-spar of 
Derbyshire crystallizes in cubes: so does common salt. Nitre assumes 
the form of a six-sided prism, and sulphate of magnesia that of a four- 
sided prism. But these forms, especially as respects natural crystals, ar^ 
liable to various modifications. Fluor-spar sometimes crystallizes in the 
form of octoedra ; and there are so many forms of carbonate of lime, that 
it is difficult to select that which most commonly occurs. Borne de Uisle 
referred these variations of form to certain truncations of an invariably 
primitive nucleus; and Gahn afterwards observed, that when a piece of 
calcareous spar was carefully broken, all its particles were of a rhomboidal 
figure. This induced Bergman to suspect the existence of a primitive 
nucleus in all crystallized bodies {Physical and Chemical Essays^ vol. ii., 
p. 1 .) When Ilaiiy entered this field of inquiry, he not only corroborated 
the opinions of Bergman, and submitted former hypotheses to experi- 
mental proof, but traced with much success the laws of crystallization, 
and pointed out the modes of transition from primary to secondary 
figures. (Traite de Mineralogies Paris, 1801.) 

Those who arc in the habit of cutting and polishing certain gems, 
have long known that they only afford smooth surfiices when 'broken in 
one direction ; and that in others the firacture is irregular and uneven. 
This is the case with crystallized bodies in general. If we attempt to 
split a cube of fluor-spar >vith the blade of a knife, assisted by a hammer, 
we shall find that . it will only yield kindly in the direction of the solid 
angles ; and pursuing the division in these directions, an octoedron will 

lie the resulting figure, as in fig. 13. 
The new planes resulting from this cleavage 
of the crystal, are called its cleavage^planes. 
The line produced^y the meeting of two 
planes is the edge of the crystal : and the 
meeting of any two lioes or edges, forms a 
plane angle. A solid angle is produced by 
the meeting of three or more plane angles. 
In the annexed diagram, abed ate the 
exterior planes of the crystal ; ee its edges ; 
ff its solid angles. (For further details 
uprni these subjects, the reader is referred to Mr. Brooke’s Familiar 
Introduction to Crystallography.) 

Li splitting a six-sided crystal of calcareous spar, we find that of the 
m edges of the superior base, three alternate edges c^y will yield to the 
blow: those, for instance, marked a, fr, c, (fig. 14); and the division will 
take place in a plane inclined at an angle of 45^. The three interme- 
diate edges resUt this division. But in dissecting the inferior base of 
the crystal, the intermediate edges will alone yield, namely, a, ft, c. If 
vre continue this dissection in the same dhreetums, we shall at len^h obtain 
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the olt^tuse rhomboid, which is seen in this diagram in its x^latire situa- 
tion to the including prism. 

We t^us then a{riye at the primitive form of 
the cdcareous spar; imd from whatever secondaiy 
form it has been obhuned, it is always a rhom- 
hoidy having obtuse angles of 105^ 5^ But an 
obtuse rhomboid is also the primitive form of 
other bodies, as of pearl-spar, iron-spar, and tour- 
malin. But here the inclination of the surface 
points out a difference, l^us the primitive angle 
of pearl-spar is 106® 6', of iron-spar 107®, (Wol- 
laston, Fhil. Trans. y 1812,) and of tourmalin 
113® lO'. The temperature, however, at which 
these measurements are taken, should be noted, 
for it appears to affect the mutual inclinations of 
the planes of crystals. In the case of carbonate 
of lime, it amounts, according to Mitscherlich 
{Ann. de Ch. et Ph.y xxv. 108), to as much as^ 

S\5, in the interval of temperature between 38P 
and 212®. As the temperature augments, the obtuse dihedral an^es 
diminish; that is, the smaller axis of the rhomboid dilates more 
than its other diagonals, so as to cause an approach to the cubical 
form. 

The instruments which are used for measuring the angles of crystals 
are termed goniometers. The simplest of these (fig. 15) consists of a pro- 
tractor or seinicircular scale of degrees, a a, and a small pair of compasses 
or nippers, bbbb, destined to receive the crystal. 

The centre of the 
pair of compasses is 
made moveable, like 
those of the common 
proportional compasses, 
so as to permit the legs 
BB,and BOB, to bacon-^ 
siderablylen^hened or 
shortened, when the 
two pieces are applied 
to each other. The 
fixed legvBB, is repre- 
sented as beneath <he 
moveable one bob, or 
radius, measuring 90 ®, 
and the lower end of 
the centre-pin, which 
could not be shown in 
the wood-cut, is made to fit the hole or centre in the protractor precisely 
at the same time that a stud or projecting piece of brass, being admitiied 
into the long perforation a of the leg bb, the piece become 
attached to the protractor or semidrcle, as is seen in the figure. ■ ^ 
The application of this instrument is obvious. The ciysiel to be 
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ineasttr^ is op]^U<^ between the compasses, which being thus set, are 
applied to the protractor, and the Yalue of ihe angle may be read off at 
tiic fiducial ed^ of the leg bcb. It is, however, ^ddom* thet accurate 
results can ihus be attaint, for the surfaces of crystals are generally too 
small or too imperfect, to admit of such method of measurement. 

The rejlective goniometer (fig* 16), invented by Dr* Wollaston (Phil, 
• Trans. 1809), is a more useful and perfect instrument It enables us to 
determine the angles even of minute crystals with great accuracy ; a ray 
of light reflected from the surface of the crystal being employed as radius, 
instead of the surface itself. Mr. W. Phillips has given the following 
description and practical details for’ the use of this instrument, in his 

a 6 is the principal 
circle, graduated on one 
edge to half degrees, and 
divided, for convenience 
into two parts of 180® 
each; (it is graduated only 
in part in the annexed 
sketch.) c is a brass plate, 
screwed upon, and sup- 
ported by, the pillar d, and 
graduated as a vernier. 
ff is the axle of Uie circle 
a and passes through 
the upper part of the two 
pillars d e, the other ends 
of which are inserted into 
a wooden base m. g his 
an axle, enclosed within' 
f /, and turned by means 
of the smallest circle t, 
which communicates a 
motion to all the apparatus 
on the left of k, without moving the principal circle a b, Ar is a circle, 
to which is attached the axle of the principal circle. If therefore we 
would move the latter, it will be done by moving k; and as the axle of 
the principal circle includes that of the apparatus on the left of /i, we 
necessarily give a motion to the whole instrument by moving the circle k. 
These two movements being understood, let us now suppose that we 
want to measure a crystal ; a rhomboid of carbonate of lime, for instance^. 
Lei I be the rhomboid, attached by means of wax to one end of a plate of 
brass II >* the other end of the plate being placed in a slit in the upper 
part of the circular brass stem o, which passes through the tube p, to 
which it is so adjusted as to allow of being moved either up or down, or 

* As H 18 necessaiy that this instru- pyramidal case, the top of which is 
ment when used should be perfectly represented in the wood-cut ; m is the 
steady, it should be placed upon a firm boM of the goniometer, and y p, two 
table, and may be raiimd to a convenient . hollowed slips of wood which receive it. 
level (about a foot above it), by its! 
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cireulftfly, hj meoi^ of the circle q. The tube p is fixed to the curved 
brass plate r, which is attached, but so as to allow of motion, to another 
curved plate s, by means of a pin /, the other end of the latter plate 
being ^nnected with the 'conceded i^e g A, to which a motion is given 
by turning the little circle i. By means of the pin i and the tube p, 
therefore, we have two motions, in addition to the two before describe 
as belonging to the axles of the instrument. The inner axle, however, * 
may be said to be the centre of all the motions. It will, therefore, be of 
advantage that the rhomboid of carbonate of lime should be placed as 
nearly on a line with that axle as possible : this* will be sufficiently 
adjusted by means of the stem o, which admits of being raised or 
depressed at pleasure. 

The use of this instrument depends, on the reflecting power of the 
polish on the natural planes, or fractured suHaces of minerals : and that 
this is in some cases very powerful, any one may convince himself by 
looking upon a very brilliant plane, held beneath the eye, with its edge 
nearly touching the lower lid, and not far distant from a window ; he 
will then observe the reflection of the bars very distinctly. Let us then 
suppose the goniometer, as above represented, * to be distant from a 
window from eight to twenty feet. Let, then, v be a black line (the use 
of this is essential) drawn on the wainscot l)etween the window and the 
floor, and jietfectly parallel with the horizontal bars of the window. 
If, then, the eye be placed almost close to the rhomboid /, a reflection of 
one of the bars mil be seen on one of its planes. Let us suppose tlie 
reflection to be in the direction of the lower dotted line on the plane ; 
and it will be clear that it cannot be parallel with the bar of the window, 
not being even with the black line r. It must therefore be adjusted. 
This may, perhaps, be done by slightly drawing to the left the circle 
which communicates motion by means of the pin t ; or perhaps it may 
be done by giving a circular motion to the stem o. By one of these two 
motions, or by both, it may certainly be effected. If, however, the 
reflection appears to be like the upper dotted line, that is, parallel vrith 
the black line, r, we must first convince ourselves that it is so, simply by 
depressing the crystal a little by means of moving the little circle i, so as 
to bring the reflection upon the black line. This being adjusted, which 
must be done precisely, we then turn the crystal, by turning the little 
circle i, until the reflection of the same bar be seen on the next plane, 
perfectly on a line with and upon the black line v. However, in adjusting 
the second, we may disturb the first reflection. By pei-severa^ce it will 
be found that both can be adjusted by means of one or other of the 
movements by the stem o, or the pin ty or by the help of both, and a 
short experience will do away the chief difficulticsr. Both reflections 
being precise, we are now, by means of the circle A, to turn the principal 
circle until it is arrested by the stop x *on the pillar d; it will then be 
found that 180 on the principal circle coincides with o on the vendor. 
In doing this, however, we may slightly disarrange the reflections on t|^e 
plane of the crystal, which may be^re-adjusted simply by mov};d|i 
little circle », which will not disturb the principal circle a b : we innst i^ 
certain, however, that 180 on it forms a line with o on iht vemieryOt the 
same time that the reflection of the bar is seen along the Uaci lihif. One 
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movement more, and the measurement will have Been made. • Turn the 
circle keeping the eye almost close to the rhomboid, until the reflection 
of the same Aar is seen on the adjoining plane precisely upo^ the black 
line r, and the q^eration is completed. It must then be observed what 
proportion of the prindpal circle has been moved. Suppose that l05 on 
it, be now on a line with o on the vernier ;“it is the value of the angle. 
But suppose it to be a little more ihan 106 and less than 105 it ipust 
then be observed which line of the vernier touches^ or forms but one line 
withy another line on the principal circle ; suppose it to be 5 on the 
verorer, die angle is then 106® 6', which is the true value of the obtuse 
angle of a rhomboid of carbonate of lime. 

Bi following the method of dissection abore described, Haiiy obtained 
six primitive forms, which by furdier mechanical division, may be reduced 
to three integral elements. The primitive forms are 


1. The cube, parallel 
lopipedon, &c. 


% The tetragon. 


The octoedron. 



The hexangular 


5. The rhombic dode- 6. The dodecaedroi 
caedron. with isosceles trian 

gular faces. 




The integral elements are : — 

1. The parallelepiped, or simplest solid, having six surfaces parallel 
two and two. (Rg. 17 .) 

2. The triangular, or simplest prism, bounded by five 
sur&ces. (Rg. 23.) 

3. The tetraedroh, or simplest pyramid, bounded by 
four surfaces. (Fig. 18.) 

The secondary forms are supposed to arise from decre- 
ments of particles taking place on different edges and angles 
of the primitive fongs.^ Thus a cube, having a series of 
decreasing layers of cubic particles upon each of its six feces, will become 
a d^ecaedroh, if the decrement be upon the edges (fig. 24); but an 
octoedron, if upon the angles; and by irr^^ularywii^ermediate, and mixed 
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decrements, (fig. 25)^ an . . 
infinite vmety of secon- 
dary forms would ensue, 
as the aftnezed figures 
show# 

It thus appears then, 
that every crystal may 
be supposed to include 
an inyariable nucleus, 
or jjfrimary form^ from 
which the secondary 
forms are derived, by 
certain laws of decre- 
ment. The above illus- 
trations have been taken 
from Haiiyas furnishing 
the simplest instances of 
tliese theoretical views, 
but other crystallogra-. 
phers have given very 

different statements of the number and nature of the primary forms. 
Mr. Brooke {Introduction^ p.. 6) has enumerated fifteen, namely, 1. 
The cuhe^ contained within 25 

six square planes (fig. 17). 

2. The regular tetrdedron^ 
contained within four equi- 
lateral triangular planes 
(fig. 18). 3. The regular 
octoedron^ resembling two 
four-sided pyramids united 
base to base; the planes are 
equilateral triangles, and 
the common base of the 
two pyramids (or the base 
of the octdedron) is a square 
(fig. 19). 4. The rhombic 
dodecaedron^ contained be- 
tween twelve equal rhombic 
planes (fig. 21 ). 5. The octo- 
edron with a square base (fig. 26), contmned within eight equal isosceles 
triangular planes ; the square base distinguishes it from figures 27 and 
and is the only part of the figure which is constant. 6. The octdedron 
with a rectangular base, its planes are generally isosceles triangles, but 
not equal (fig. 27). 7- The octdedron with a rhombic base, conti^ed 
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within eight equal scalene triangular planes; all its dimex^ions are 
variable (fig. 28). 8. The right square prism (fig. 29). (A prism i» a 
solid whose lateral edges are parallel, and whose terminal planes are also 
parallel ; those which stand perpendicularly when resting on taeir base, 
are called right prisms ; those which incline, are called oblique pr&ms.) 

9. The right rectangular prism (fig. 30), whose three edges^ a6c,.are 
i gw ftquftVj for if any two of those were equal, the prism would be square. 

10. The right rhombic prism (fig. 31), diflFering from the preceding in the 

planes au being rhombs. 11. The rightr^homboidal prism (fig. 32), in 
whiidi the planes oa^are rhomboids. l£ The oblique rhombic prism 
(fig. 33). 13. The oblique rhomboidal prism or doubly oblique prism 
(fig. 34). 14. The rhomboid^ or rhomboedron^ bounded by six equal 
rhombic planes (fig. 35). 15. The regular hexagonal prism (fig. 36). 
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In reference to the geometrical relations of these forms to each other, and 
to the production of secondary forms, I must again refer to Mr. Brooke’s 
Introduction; to Mohs* Mtnera&igy, translated by Ilaidinger; and to Mr. 
Whe well’s Essay in the Philosophical Transactions of Cambridge^ vol. ii. 

But in examining the forms and texture of crystals, we occasionally 
meet with cases to which these theories of primary 
and secondary forms are not satisfactorily appli- 
cable. A slice of fluor-spar, for instance, 
obtained by making two successive and parallel 
sections, may be divided into acute rhomboids ; 
but these are not the primitive form of the spar, 
because, by the removal of a tetraedron from 
each extremity of the rhomboid, an octoedron is 
obtained (fig. 37). Thus, as the whole mass of 
fluor may be divided into tetraedra and octoedra, 
it becomes a question which of these forms is to 
be called primitive, especially as neither of them 
can fill space without leaving vacuities, nor can 
they produce any arrangement sufficiently stable to form the basis of a 
permanent crystsd. 

To obviate this incohgraity. Dr. Wollaston {Phil Trans.^ 1813,) 
ingeniously proposed to consider the primitive 
particles as spheres^ which, by mutu^ attrac- 
tion, have assumed that arrangement which 
brings them as near as possible to each other. 
When a number of similar balls are pressed to-* 
gether in the same plane, they form equilateral 
triangles with each other (fig. 38); and if balls so placed were cemented 
together and afterwards broken asunder, the straight lines in which they 
would be disposed to separate, would form angles of 60^ with each other. 
A single ball, placed anywhere on this stratum, would touch three of 








(fig. 40.) ; and npon applying two other balls at opposite sides of this 
octoedroii, the group will represent the acute rhomboedron (fig. 41); 
or by placing a ball on each face of the octoedron, it becomes a cube 
(fig. 42). Thus the difficulty of the primitive form of fluor, above alluded 
to, is done away, by assuming a sphere as the ultimate molecule. By 
oblate and oblong spheroids other forms may be obtained. 

Mr. Daniell {Qjuarterly Jour^ 
nal of Science and the Arts vol. i.) 
has offered some curious and im- 
portant confirmations of Dr. Wol- 
laston's hypothesis; andina second 
paper he has pursued and extended 
these inquiries, {Journal of the 
Royal Institution^ vol. ii., p. 1). 

If an amorphous piece of alum 
be immersed in water, and left 
quietly to dissolve, we shall observe 
that it has been unequally acted 
upon by the fluid (see fig. 1) : the 
mass will present the forms of 
octoedra, and sections of octoedra, 
as it were carved or stamped upon 
its surface, as seen in these figures, 

(43 and 44). This appearance is 
produced when the attraction of 
the water for the solid is nearly 
counterbalanced by its mechanic^ 
texture. The crystals formed by 
this species of dissection are highly 
curious, from their modifications and relative positions, as the same group 
presents the primitive form, as well as its truncations and decrements. 

Other salts yield oflier figures, and by more complicated dienucd 
action, aa of acids upon carbonate of Ume, the-metal^ ate., analogous resnlto 
are obtained. Here, then, instead of dividing a crystal by mechanical fbroe,’ 
its structure is gradually developed by the process of solution. th^ 
cases two circumstances are particidarly remarkable ; the cry^ds an dif- 
ferent ; md their forms vary with the different feces of the oi^^ inass*' 
In one direction we observe octoedra and sections of octoedra ; in another^ 
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paraUdograms of eveij iSmeamm^ ^ztodx&ed mth certain determinate^ inter» 
neetions. in citber of these positions, we turn the mass upon its axis, 
fte same figures will be perceired at every quadrant of a circle ;^and if we 
suppose the planes continued, they will mutually intersect each other, and 
Taiious geometrical solids wil be constructed. In this way, alunf alone 
furnishes octoedrons, tetraedrons, cubes, four and eight sided prisms, either 
.with plain or pyramidal terminations, and rhombic parallelopipedons. It 
is evident, then, that no theoiy of crystallization can be admitted, which is 
not founded upon such a disposition of constituent particles, as may 
furnish all these modifications, by mere abstraction of certain individuals 
from the congeries, without altering the original relative position of those 
which remain ; and these conditions may be fulfilled by such an arrange- 
ment of spherical particles, as would arise from the combination of aii 
indefinite number of balls endued with mutual attraction, and no 
other geometrical solid is adequate to the purpose ; and where bodies 
afford crystals differing from Ae octocdral series, an analogous expla- 
nation is furnished, by supposing their constituent particles to consist 
of oblate spheroids, whose axes bear different proportions to each 
other in different substances. Hence we may also conclude, that the 
internal structure of all crystals of the same body is alike, however the 
external shapes differ. In corroboration of the above hypothesis, it may 
be remarked, that the hexaedron is, of all geometrical figures, that which 
includes the greatest capacity under the least surfoce. If, therefore, the 
ultimate particles of crystalline bodies be spheres or spheroids, the greatest 
possible number in the least space will be included in this form. It is 
probable that the exterior shape of every crystal is determined by the 
nucleus first formed by a certain definite number of particles, which, by 
the power of mutual attraction, overcome the resistance of the medium 
in which they were suspended, or from which they were separated. This 
number may vary with the solvent, or other contingent circumstances. 
Four spherical particles, thus united, would balance each other in a 
tetraed^ ^ ^ octoedral group, and each would present par- 

ticular points of attraction to which all subsequent deposits would be 
directed. Now, let us imagine two nuclei formed in the same solution, 
whose axes run in contiaiy directions ; their increase will consequently 
be in contrary directions, and each will attract a particular system of 
particles from the surrounding medium. If these two systems should 
cross each other in their course, a greater number will be brought within 
the q»here of mutual re-action at the point of junction, and they ought to 
arrange theqpiselves in the least possible compass. The fiicts here answer 
to the theory. If we select any crystals, having others crossing them 
nearly at right angles, and separate them, the points of junction invariably 
present an hexaedral arrangement. 

We have already adverted to the important applications of the 
phenomena and proce^ of crystallization to theoretical and practical 
chemistiy. To the mineralogist the science of crystallography is equally 
indispenBable ; it enables him to detem^e the species to which minerals 
belong, and to recognise their varieties by their external and mechanical 
chara^rs.^ 
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Chafcbb n. 

HEAT, 1J6HT, AHD JLIJUANT MATTfiiL 
Heat — its Effects and Sources. 

Heat may be considered as the antagonist power to attraction* one of its 
most obvious effects being the dilatation or expansion of bodies ; so that ^ 
whenever a body is heated, it is enlarged in bulk, and, consequently, 
diminished in specific gravity. These changes are temporary only ; for, 
on cooling, the body regains its former dimensions, and a further reduc- 
tion of heat causes a proportionate shrinking or diminution of bulk : 
hence, bodies are said to expand when heated^ and to contract when 
cooled — a law to which the exceptions are very limited. 

We know nothing of the cause of heat, but we generally refer the 
effects perceived to the presence of a highly attenuated form of matter, 
which is supposed to pervade all substances, and to be diffused over the 
whole universe, and to which the Erench nomenclaturists gave the name 
of caloric — a term which has been much employed, under the idea that 
the word heat^ which is applied both to cause and effect, might lead to 
ambiguity: this, however, it need not; and whatever may be the cause of 
the phenomena, the word heat may he used to denote that state or condition 
of a body which excites in us the sensation of heal. 

§ 1. •^Expansion in general. 

Bodies exist in nature under three forms, — solids^ liquids^ and gases or 
vapours; these three forms of matter suffer expansion and contraction in 
very different degrees, when exposed to similar changes of temperature : 
in solids, the ch^ge of dimensions is comparatively small, and refined 
means are necessary to determine and measure it ; in liquids it is more 
obvious; and in gases extremely apparent. 

To show the expansion of a solid^ a bar of metal, for instance, we 
may be provided with a gauge which measures, its length and breadth 
at ordininy temperatures ; and 
it will be found that, when 
heated, it will no longer pass 
through the apertures which 
readily admitted it when cold, a 
(fig. 46) is a brass bar with a 
i^ndle att^hed, the length of 
which, at common temperatures, 
is exactly equal to that of the 
notch c in the plate 6, and it exactly passes into the circular aperture d. 
If the bar be now heated by plunging it into boiling water, it will be 
found so much enlai^ed in all its dimensions, as not to pass through the 
apertures. If, on the contrary, it be cooled by j^pe, it will then contrai^ 
and pass them more readily. « 

The expansion and contraction of a liquid, when heated, are ea^y 
shown- as follows : pour into a large thermometer-tube (fig. 4S) a qusM^ 

* Fresnel observes, that a sensible re- I bodies delicately suqiended iii vai^o.— 
pulsive power is conferred by heat upon | {Ann. de Ch. ^ Ph., xxix., 67 A 107.) 
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89 ta fill tibe bulb, oad rise in th^ stem up to the a. 
Plunge it into warm water, and the spirit will rapidly ^late and rise in 

the tube, up to thf point 6; 

remove it, and suffer it to 
regain its original tempera- 
ture, and its bulk will re- 
turn to a ; but if it now be 
put into ice, the liquid will 
be seen to contract, falling in the tube to c, for instance ; but again ex- 
panding, when removed into the atmosphere at ordinary temperatures. 

Aeriform bodies^ or vapours^ far ex- 
ceed the former in expansibility. Place 
an empty thermometer-tube, similar to 
that used in the last experiment, with 
its open end in a glass of water, as in 
fig. 47 , and then apply the heat of the 
hand to the bulb a ; this will be sufiicient 
to expand the air within, so that several 
bubbles will escape through the water, 
and on removing the source of heat, the 
water will moimt in the tube, showing, by 
the place it occupies, the amount of ex- 
pansion which the air had suffered. 

Thus far the general fact of tlie ex- 
pansion qf the different forms of matter 
by heat^ and their coniractim by cold^ is 
easily demonstrated ; but there are pecu- 
liarities belonging to each, and practical 
and useful applications resulting from 
them, which must be entered into more in detail. 

§ 2.: — Of the Expansion of Solids. 

Different solids possess very different degrees of expansibility, and 
among them the metals are most susceptible change of bulk ; but each 
metal is thus peculiarly affected, and possesses a rate of expansion of its 
own. In consequence of the numerous purposes to which the common 
metals are applied, and with which these calorific changes of bulk greatly 
interfere, it becomes necessary to examine their extent and consequences 
in these cases with minute precision. For this purpose bars of the re- 
spective mefids have been very accurately measured, and their lengths 
carefully determined at the freezing-point of water : the temperature of 
these bars has then been raised to the boiling-point of water, and their 
increaseiii length ascertained. The following is a table of results. The 
average expa&don of glass is nearly the same as that of platinum. 

TeJfperatura. j Temperature. 

^ . ■■■ » j— , 

as® ais® 32® 8is» ’ 

. . 120000 120104 Bnw . \ . . 120000 120280 

Steel . . .^12O0OO 120147 Tin . . . . . 120000 120290 

Iron . : . . , 120000 120161 Lead . , . . 120000 120346 

Copper . ; : 120000 120204 2inp .... 120000 120300 
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th« range of temperature between 32^ and 212^i;bese expansions 
are apparently nearly equable ; but the experiments of Dulong and Petit 
(Ann. de^Chim. et PAyr./and Annals of Philosophy^ xiii., 164), show, 
that the rate of expansion increases with the temperature ; and Dr. Ure 
has proved, in regard to zinc, that that metal permanently elongates after 
frequent heating and cooling. It would seem," he says, that the 
plates composing this metal, in sliding over each other, by the expansiva 
force of heat, present such an adhesive friction as to prevent their entire 
retraction." In regard to the unequal expansion of bodies at different 
temperatures, the same philosopher remarks, that it is probable every 
species of matter follows an increasing rate in its enlargement by 
caloric, for each portion that enters a body must weaken cohesion, and 
therefore render the operation of the next portion that is introduced 
more efficacious. 

The following copious Table of the linear dilatation of solids by 
heat, is compiled by Dr. Ure, and published in his Chemical Dictionary^ 
Art. Calorio. 


Dimensions which a bar takes at 212 

% whose length at 32® is 1.000000. Dilatation 
^ ^ in Vulgar 





Fractions. 

Glass tube * 

... 

Smeaton 


1.00083333 


do. . . . 

. .' . 

Roy 

. . . 

1.00077615 


do. . 

, , , 

Doluc*s mean 


1.00082800 


do. . 

. 

Dulong and Petit 

1.00086130 ' 

tAs 

do. 

. 

Lavoisier and Laplace . 

1.00081166 1 

tAb 

Plate glass 

. 

do. 

do. . 

1.000890890' 


do. crown glass 

. . . 

do. 

do. 

1.00087572 ' 

T* 

do. do. 

• . 

do. 

do. 

1.00089760 ^ 


do. do. 

. 

do. 

do. 

1.00091751 ] 


do. rod 

. . . 

Roy 

» . . 

1.00080787 


Deal 

. 

Roy, as gloss 

. 



Platina 

. . . 

Borda 

. . . 

1.00085655 


do. . 

. 

Dulong and Petit 

1.00088420 } tAt 

do. 

. . . 

Troughton 

. . . 

1.00099180 


do. and glass . 

, , 

Berthoud 

. . 

1.00110000 


Palladium . 

. • . 

Wollaston 

. . . 

1.00100000 


Antimony 

, , 

Smeaton 

• . 

1.00108300 


Cast-iron prism 

. . . 

Roy 

. • . 

1.00110940 


Cast-iron 


Lavoisier, by Dr. Young, 1.00111111 


Steel . • 

. . . 

Troughton 

. . . 

1.00118990 


Steel rod 


Roy 

• . 

1.00114470 


Blistered steel 


Phil. Trans. 1795, 428 . 

1.00112500 


do. 

. . 

Smeaton 

• , 

1.00115000 

• 

Steel not tempered 

* • » 

Lavoisier and Laplace, . 

1.00107875 

sJt 

4 

4 

4 

f • 

do« 

do* i 

1.00107056 ] 

■ 

do. tempered yellow 

. . . 

da ’ 

da . 

1.00136900 


do. do. do. t 


do. 

do. 

1.00138600 


do. do. do. at ar higher heat . 

do. 

dp. 

1.00123956 } 

Steel 

• • 

Troughton 

• • 

1.00118980 


Hard steel 

. , 

Smeaton 

• . 

1.00122500 


Annealed steel 

. • • 

MuBchenbro5k 

. . • 

1.00122000 


Tempered steel 

. 

do. 


1.00137000 


Iron 

> • • 

Borda 


L00115600 


do. . * 

. 

Smeaton 

• ' . 

1.0012S800 




m isaAmioix. 

^ftvSSjJr 


Soft iron finged • • 


Lavoisier and Laplace, 

Fiaettoni. 
. 1.0012^8 

l^nnd iron, wiie-diawn 


do. do. 

. 1.9012ft04 

Iron wire . . . • 


Troughton • • 

. 1.00144010. 

Iron . 


Dulong and Petit • 

1.00118^ } 

Bihmtith • . 


Smeaton • • 

. 1.00139206 

•Annealed gold 


Musdienbroek 

. 1.00146000 

Gold .... 


ElUcot, by comparison. 

. 1.00160000 

do. proeoied by parting 


Lavoisier and Laplace, 

. 1.00146006 } da 

do. Paris standard, unaanealed 


do. do. 

1.00166166 1 ^ 

do. do. annealed 


do. do. 

. 1.00161361 } tb 

Copper 


Muschenbroek • 

. 1.0019100 

do, ^ . 


Lavoisier and Laplace, 

. 1.00172244 } .ii 

do. . 


do. do. 

. 1.00171222 } lit 

do. '. . . . 


Troughton . • 

. 1.00191880 

do. . A . . . . 


Dulong and Petit . 

. 1.00171821 } ds 

Brass .... 


Borda 

. 1.00178300 

do. .... 


Lavoisier and Laplace, 

. 1.06186671 

do. .... 


do. ‘ do. 

. 1.00188971 

Brass scale, supposed from Hamburgh 

Roy 

. 1.00185540 

Cast brass • • 


Smeaton 

. 1.00187600 

English plate-brass, in rod . • 


Roy . 

. 1.00189280 

English plate-glasfl^ in a trough form 


Roy . 

. 1.00189490 

Brass • • • • 


Troughton . . 

. 1.00191880 

Brass wire . 


Smeaton • 

. 1.00193000 

Brass • • • • 


Muschenbroek 

. 1.00216000 

Copper 8, tin 1 • 


Smeaton 

. 1;001817IK) 

Silver • • . • 


Herbert 

. 1.00189000 

do. .... 


Ellicot, by comparison, 

. 1.0021000 

do. .... 


Muschenbroek 

. 1.00212000 

do. of cupel . • 


Lavoitier and Laplace, 

. 1.00190974 } .b 

do. Paris standard 


do. do. 

. 1.00190868 } 

Silver .... 


Troughton • 

. 1.0020826 

Brass 16, tin 1 • 


Smeaton • • 

. 1.00190800 

Speculum metal 


do. • 

. 1.00193300 

Spelter solder ; brass 2, zinc 1 


do. • • . 

. 1.00206800 

Malaccatin . • 


Lavoisier and Laplace, 

. 1.00193766 1 di 

Tin from Falmouth 


do. do. 

. 1.00217^8 } da 

Fine pewter . . 


Siheaton 

•. 1.00228300 

Graintin • • • 


do. 

. 1.00248300 

Tm . . . . 


Muschenbroek 

. 1.00284000 

Soft solder; lead 2, tin 1 . 


Smeaton 

. 1.00260800 

Zinc 8, tin 1, a little hammered 


do. . . . 

. 1.00269200 

Lead . ‘ , 


Lavoisier and Laplace, 

. 1.00384836 } i1t 

do. • . . . a '. 


Smeaton 

. 1.00280700 

2inc 


do. . . • , . 

. 1.00294200 

Zinc, hammered out i an inch per foot, 

do. . *. . . 

. 1.00301100 

from 33* to 212* 

e 

Dulong and Petit 

. 1.00080130 1 dn 

doL from 212” to 392” . 

a 

do. do. • 

. 1.00091827 nb 

cte fram8D2* to 672* . . do. d(K 

last two neiunaemeiits ui idr-thennometer. 

. 1.000101114} ii 


To ob^ the. expaasioii in.Tolimie^miiltiply the above dedmal quantito by three^ 
or divide the teoiiiiQaton of the vulgar hacHdomi by tbzeei the quotoent in either caae 
ia the dflatatioii mght. . i= . 
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Do, cottseqaence of the estenrire nee which is now made of iron in 
Ihe construction of hridgesj and as a substitute for limber in various 
parts of l^ldings, mech^cs have become fully aware of the necessity 
of making due allowance for its expansion and contraction, and such 
arrangements as may admit of it without injiury to the other parts of 
the building. The arches of the Southwark Bridge, erected over the 
Thames by the late Mr. Rennie, rise and fall about one inch within the* 
usual range of atmospheric temperatures. Where iron beams are em- 
ployed, they must be so placed as to admit of some play without injury 
to the walls ; and where such precaution has not been taken, their con- 
traction and expansion have tended to endanger the whole building. 
Iron rooft, in consequence of their situation exposing them to the in- 
fluence of a hot sun, or to the cold of winter, require peculiar care in 
this respect ; and in other cases, apparently of trivial importance, very 
serious consequences have resulted from the incautious application of 
iron bars in situations where their changes of bulk could be productive 
of mischief, as in clamping stones together in the construction of steeples, 
and in placing iron railings between columns, &c. 

It has been above stated, that the expansion of glass and of platinum 
is nearly similar : hence wires of that metal may be welded into fused 
glass without inconvenience ; but if we substitute a wire of another metal, 
its difierent rate of contraction will tend to break the glass as it cools. 

By a reference to the above table, it will be seen that iron or steel is 
much less expansible than brass ; if, therefore, we form a compound bar 
of these or any other two differently expansible metals, by riveting or 
soldering them together, such a bar, by changes of temperature, will con- 
stantly warp in one direction or other, according to the relative position 

of the steel and brass. Let fig. 48 
represent the compound bar, the 
steel being uppermost ; if we then 
put it upon a heated plate, the 
hai will warp, as shown in fig. 49, 
in consequence of the greater ex- 
pansion of the brass: if, on the 
contraiy, the compound bar be subjected to cold, it will assume the 
opposite curve, as shown in fig. 60, in consequence of the greater contrac- 
tion of the brass. A compound plate of silver and platinum is remarkably 
susceptible of these contortions ; and such contrivances have been applied 
to the construction of instruments for measuring changes of temperature. 

The expansion and contraction of the mettds by heat and cold is a 
serious inconvenience to the chronometer-maker, as necessarily interfering 
with the rate of going of the clock or watch. The pendulum, to vibrate 
seconds, must always be of a given length*, and it is obvious that if of 
metal it will be liable to shmten in winter and lengthen in summer : tihui 
the clock will be fast in the former, and slow in the latter season t. 

* The len^h of the pendulum vibra- Shuckburgh's standard scale* -^lEater,. 
ting seconds in vaeuo in the latitude of PhU, Trans.^ 1819, p. 416. 

London (61^ 8'' North) at the level f When the bob is let down tb of 

of the sea, and at the temperature of an inch, the dock loses ten SSdonfi in 
62% is =: 39.13029 inches of Sir George twenty-four hours; hence the dongatfon 
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Thb contrivances which have been resorted to, to counteract this 
inconvenience, are n\tmerous, and many of them extremely ingenious ; 

but any details upon the sul^ject would 
be misplaced here. The following mode 
of compensation is, however, particu- 
larly illustrated by the principle here 
explained, a represents the pendulum- 
rod of brass or steel, suspended by the 
thin plate b between the compensatipur 
bars of brass and steel (fig. 48) cc, 
w^hich are firmly fixed at the ends c, 
and are supplied with proper adjust- 
aments which it is unnecessary here 
to describe. Let us now suppose the 
pendulum exactly vibrating seconds, at 
the temperature of 62% and that the 
temperature rises to 80° : in this case, 
the bar a W'ould be proportionately 
elongated, and it would not then vibrate 
so many as 60 seconds in the minute ; 
but the effect of increase of tempera- 
ture in the compensation -bars, sup- 
posing the brass uppermost, would be 
to warp them, as in the annexed 
sketch, fig. 52, and, consequently, to 
shorteh the length of the pendulum ; and 
in cold weather, on the contrary, the rod 
of the pendulum would be shortened, 
but the bars warping upwards (as in 
fig. 63,) would tend to elongate it. Exactly a similar plan of compensa- 
tion may be applied to the balanccrsprings of watches, which are affected 
in the same way, and with the same effects, as the pendulum of a clock. 

The dimensions of w'ood are much less altered by changes of tempe- 
rature than those of metals^i it is, therefore, occasionally used for the rods 
of very laige pendulums ; but, in other cases, it is not found effectual, and 
Is liable to be deranged by the varying moisture of the atmosphere. 

There are some mechanical operations, in which the expansion and 
contraction of metals by heat and cold are very beneficially applicable : 
by putting the hoops upon a cask in a heated state, they gradually con- 
tract on cooling, and fin^y bind the staves together ; and, with the same 
view, the wheelwright heats the tire of his wheel, that it may firmly press 
upon the drcnmference as it cools. 

§ 3.-- Expansion SlauiDs. 

TaOB expansibility of different liquids, like that of solids, is liable to 
much variation : ether, for instance, is more expansible than alcohol, and 
alcohol' more so than water, and water than mercury. Liquids are also 

of O&XSi inch will oanse it t6 lose will alter its length About ^ part, and 
<me secodS day, and a dian^ of ocoarion an error in the rate of going, of 
temperature equal to SO* of Fahreraritr eight secondi per day. 
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differently expansible at different temperatures ; and, generally speaking, 
their -ratd of expansion increases with their temperature. This irre- 
gularity is chiefly ohsenred in those liquids which readily boil : wh^ 
they require a very high temperature to convert them into vapour, it is 
less observable. The expansion of mercury, for instance, at low and 
high temperatures, is only slightly dissimilar ; hence, as we shall presently 
find, one of the great advantages of that, over other liquids, in the con- 
struction of thermometers. The following Table shows the rate of 
expansion of several liquids between the temperatures of freezing and 
boiling water. 


Tcnip. 

Mercury. 

Linseed 

Oil. 

Sulphuric 

Acid. 

Nitric 

Acid. 

Water. 

OU of 

Turpentine 

Alcohol. 


100000 

iooooo 

.... 

^ ' 






100081 

— 

99752 

99514 

... 

— 



100183 

— 

100000 

lOOOOO 

100023 

lOOOOO 

101105 


100304 

— 

100279 

100486 

100091 

100460 

101688 

70 

100406 

— 

100558 

100990 

100197 

100993 

102881 

80 

100508 

— 

100806 

101530 

100332 

101471 

■m 

90 

100610 

— 

101094 

102088 

100694 

101931 

103517 

100 

100712 

102760 

101317 

102620 

100908 

102446 

104162 

110 

100813 

— 

101940 

103196 


102943 

— ' 

120 

100915 

— 

101834 

103776 

101404 

103421 



130 

101017 

— 

102097 

104352 


103954 

• 

140 

101119 

— 

102320 

105132 

— ^ 

104573 

— 

150 

101220 

— 

102614 


102017 




160 

101322 

— 

102893 

— 





170 

101424 


103116 

— 

— 



180 

101526 


103339 

•— 

— 


... 

190 

101628 

— 

103987 

— 

103617 



200 

101730 

— 

103911 

' — 

— 

— 

.. 

212 

101835 

107250 

— 


104557 

— 

— 


There is a very remarkable exception to the law of expansion 
and contraction by heat and cold, in the ^case of water ^ which, unlike 
other fluids, expatids when cooled below a certain point*. All other 
fluids go on diminishing in bulk till they f^cze ; but if we fill a large 
thermometer-tube with water, of the temperature, for instance, of 80°, and 
then plunge the bulb into a freezing mixture of pounded ice and salt, we 
shall observe the following curious appearances. — ^The water will go on 
shrinking in the tube, till it has attained the temperature of about 40° ; 
and then, instead of continuing to contract till it freezes, (as is the case 
with all other liquids,) it will be seen slowly to expand^ and consequently 
to rise in the tube until it congeals. In this case the expansion below 
40° and above 40° seem to be equal, so that water will be of the 
same bulk at 32° as at 48°, that is, at 8° above or below 40°f. 

This anomalous expansion of water by cold is not merely a curious 
philosophical fact, but it is productive' of some most important and 
beneficial consequences in nature ; for, let us suppose that water, like 
other fluids, went on diminishing in bulk, or, in other words, increasing 
in density, till it froze ; the consequence would be, that large bodies of 


• See Pr^atwry Hiatwyy p. 43. 
f Crichton's experiments place the 
maximum of density at (Ann. 


Phil. N.S. v., p. 491 ;) those of HsUsri^m 
at 39.4, (Ann, de Chim. et PAS. xxviii., 
p.90.) 


K 
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instead of being only superficially frozen in winter, would be 
eonyerted into solid masses of ice. Let us take a fresh-water lake* as an 
example. The earth being warmer in winter than the air, the heat is 
withdrawn from the surface of the water by the cold breezes •that blow 
over it, and the whole body of water has its temperature lowered to 40°, 
which is the point of its greatest density^ and a temperature perfectly 
pongenial to fish and most other aqueous animals. The cold now con- 
tinues to operate upon the surface of the water, but instead of diminishing 
its bulk, and rendering it heavier than the warmer water beneath, it 
expands and renders it lighter ; so that, under these circumstances, a 
stratum of ice-cold water (at 32°) will be foimd lying upon a mass of 
warmer water beneath it (at 40°). The influence of the cold continuing, 
the surface of the lake will soon freeze, but the water immediately below 
the superficial coating of ice will be found comparatively warm ; and as 
water is almost a non-conductor of heat, it will be a long time before the 
ice attains any thickness ; and the whole body of water, if of any depth, 
can never freeze throughout. Indeed, it will be obvious that the 
retardation of freezing will be proportional to the depth of water which 
has to be cooled, and hence some very deep basins or lakes are scarcely 
ever covered with ice. 

Perhaps the following experiment may render this peculiar property 
of water more intelligible. Let a a\ fig 54, represent two cylindrical 
glass vessels, filled with water at 60° ; h V are tin trays surrounding and 
closely fitting the exteriors of the cylinders, and intended to contain a 
freezing mixture of snow and salt, which in a is applied to the upper 
surface^ but in a! to the bottom of the water. The first eflect of the cold 
will be to reduce the temperature of the whole bulk of w'ater, in both 

vessels, to 40°, that 
is, to the point of 
greatest density. 
After which it will 
be found that, in the 
vessel a, the cooling 
effect will not pro- 
ceed downwards, 
but will be limited 
to the surface, where 
the thermometer 
will gradually fall 
to 32*’, and the water 
probably freeze; for 
the ice-cold water 
being lighter than 
the water at 40° below, it will necessarily float upon the surface; a 
thermometer, therefore,, in the upper part of the vessel will fall to .32% 

. but in the lower part only to 40°. This may be said to represent the 
case of the lake above described. In the second cylinder a\ the eold, 
instead of being applied to the surface of the water, is applied to the 
bottom, and the effect is, of course, very different; for now the cooled 
water, becoming lighter, ascends, whilst the warmer water descends, and 
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• 

becoming cooler in its turn, the whole body of water is reduced to the 
freezing femperature— an effect limited to the surface in the other 
cylinder, which represents what happens in nature, where the cold is 
always sifperficial ; and ice being lighter than water, it is, of course, 
formed, remains upon the suri^e. 

As liquids are enlarged^ and consequently rendered specifically lighter^ 
by heat, it follows that, in heating a mass of liquid, very Afferent effects 
will be produced by ap- 
plying heat to different 
parts of the vessel con- 
taining it: a and 6, fig. 

55, represent two tubes 
of thin glass filled with 
water. If we apply the 
flame of the spirit-lamp to 
the bottom of the tube a, 
the water will soon be 
heated equally through- 
out, and boil ; and this is 
the usual way of applying 
heat, namely, to the bot- 
tom of the boiler or 
saucepan; but if, as in 
the tube 6, we heat the surface of the water, we shall find that it may be 
made to boil in the upper part of the tube, whilst the water at bottom 
will remain cold. In this case, the water becomes lighter 56 

by being heated, and consequently floats upon the colder 
water below, to which scarcely any heat will be com- 
municated. 

The currents that ensue, in the ordinary way of 
heating water, may be rendered obvious by the fol- 
lowing experiment Fill a cylindrical glass vessel, of the 
shape annexed, fig. 56, with water, and throw into it a 
few particles of bruised amber, or any other conve- 
nient substance, nearly of the same specific gravity as 
the water, so that, if possible, they may neither sink nor 
float in it; then apply a gentle heat to the centre of 
the bottom of the vessel, and it will be seen that currents 
immediately begin to ascend in the centre, or axis, and to 
descend towards the circumference of the vessel, in the 
direction shown by the darts, or in an inverted direction 
if the sides of the tube are most heated. These currents 
soon become rapid in their motions, and continue till the 
water boils. It is, therefore, by the changes in the weight 
of the different portions of water, that we succeed in 
conveying heat throughout the mass. The heated portion 
becomes enlarged in bulk, and, therefore, specifically 
lighter than the adjacent cold portions through which it 
ascends ; whilst they, descending, come into the contact 
of the heated surface, and in their turn expand and rise. 
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I%i8 goes da till the whole of the water has acquired its boiling tem- 
jperature, beyond which it cannot be heated, and therefore thb currents 
then cease. Sudi currents may be established, in properly-constructed 
vessels, to any extent, and heat thus communicated to water sat a very 
considerable distance from the boiler; a system lately adopted very 
ad vantageously in heating houses, conservatories, manufactories, and baths. 
The contrivances for these purposes are very various ; but all, of course, 
imply the necessity of an ascending and descending current. 

§ 4.— Expansion op Aeriform Bodies and Vapours. 

We may now notice the effects of heat upon gases^ air^ and vapours. 
These, as we have stated, undergo much greater relative changes of bulk 
than the other forms of matter, but they also present us, in this respect, 
with an important peculiarity. In other substances, we observe that each 
individual has its own degree of expansion and contraction, whereas all 
pure aeriform bodies expand and contract alike: so that, if we accurately 
determine the expansion and contraction of any one of them, in a given 
range of temperature, that knowledge applies to all the rest ; and it is a 
very important object to the experimental philosopher, accurately to 
determine these changes of bulk. It is found that 100 measures of air, 
when heated from the freezing to the boiling point of water, suffer an 
increase in bulk equal to 37'5 parts; so that 100 cubic feet of air, at 32^, 
become dilated to 137*5 cubic feet at 212®. Steam, and all other vapours, 
when heated out of contact of their respective fluids, are subject to laws 
of expansion similar to those of air. The history, therefore, of aeriform 
bodies, in respect to this effect of heat, is extremely simple. 

The folloAving Table, showing the changes of bulk su^ered by 100,000 
parts of air at all temperatures between 32® and 212®, will apply equally 
to all gases and vapours, and will often be found useful to the practical 
chemist. 


Temp. 

Bulk. 

Temp. 

Bulk. 





Temp. 

Bulk. 

32" 

100000 

49" 

103.536 

65° 

106864 

81° 

110192 

97" 

113520 

.33 

100208 

50 

103749 

66 

107072 

82 

110400 

98 

113728 

34 

100416 

51 

108952 

67 

107230 

83 

110603 

99 

1139.36 

35 

100624 

52 

104166 

63 

107488 

84 

110816 

100 

114144 

.36 

100333 

53 

104363 

69 

107696 

85 

111024 

no 

116224 

37 

101040 

54 

104576 

70 

107904 

66 

1112.32 

120 

118304 

33 

101243 

55 

104791 

71 

108112 

87 

111440 

130 

120384 

3.9 

101459 

56 

104,092 

72 

108320 

83 

111648 

140 

122464 

40 

101666 

57 

105200 

73 

108528 

89 

111856 

150 

124544 

41 

101372 

53 

105403 

74 

103736 

90 

112064 

160 

126624 

42 

102030 

59 

105616 

75 

108944 

91 

112272 

170 

128704 

43 

102290 

60 

105324 

76 

109152 

92 

112480 

180 

130784 

44 

102496 

61 

106032 

77 

109360 

93 

112688 

190 

122864 

45 

102703 

62 

106240 

78 

109568 

94 

112896 

200 

134944 

46 

102916 

63 

106443 

79 

109776 

95 

113104 

210 

137024 

47 

43 

103124 

103333 

64 

106656 

30 

109984 

96 

113312 

212 

137440 


The rate of expansion of atmospheric air at temperatures above 212® 
has been investigated by Dulong and Petit {Ann. de Chifh. et Phys.y vii. 
1 20). The following Table exhibits the results of their obsemtions : 






EXPAKStOK OP Aift. ' 1^ 

Teliiperatare by the ^ , 

Morea&ITheraiometet. Coraiponing Volamw 

Fft’tr. Centig. Volume of Air. 

- 33 .... — 36 0*8660 

32 ... . 0 . 1*0000 

212 ..., 100 1*3750 

302 ... . 150 1*5576 

392 200 1*7389 

482 .... 250 1*9189 

572 ... . 300 .. 2*0976 

680 ... . 360 2*3125 


The dilatation suffered by air, when heated, being very considerable, 
is, of course, attended by a proportionate diminution in the specific gra- 
vity or relative weight of the heated portion, which rapidly ascends 
through the colder mass, and excites powerful currents and agitations in 
the general bulk of air. These currents often escape our observation, in 
consequence of the invisibility of air; but they may easily be rendered 
evident; and often excite our attention, by their violence — as when 
powerful draughts and wind are produced. 

In consequence of the lightness of heated air, it always rises to the 
upper parts of rooms and buildings, when it cither escapes, or, becoming 
cooled and heavier^ again descends. If, in cold weather, we sit under a 
skylight in a warm room, a current of cold air is felt descending upon the 
head, whilst warmer currents, rising from our bodies, and coming into 
contact with the cold glass, impart to it their excess of heat. Being thus 
contracted in bulk, and rendered specifically heavier, they, in their turn, 
descend, and thus a perpetual motion is kept up in the mass of air. This 
effect is attended with much inconvenience to those who inhabit the 
room, and is in great measure prevented by the use of double "^nudows, 
which prevent the rapid cooling and production of troublesome currents 
in tlie air of the apartment. 

We generally observe, when the door of a room is opened, that there 
are two distinct currents in the aperture: which maybe rendered evident 
by holding in it the flame of a candle. At the upper part it is blown 
outwards, but inwards at the lower part ; in the middle, scarcely any 
draught of air, one way or other, is perceptible. 

The art of ventilating rooms and buildings is, in a great measure, 
dependent upon the currents which we are enabled to produce in air by 
changes of temperature, and is a subject of considerable importance. As 
the heated air and effluvia of crowded rooms pass upwards, it is common 
to leave apertures in or near the ceiling for their escape. Were it not, 
indeed, for such contrivances, the upper parts of theatres and of some 
other buildings would scarcely be endurable; but a mere aperture, though 
it allows the foul air to escape, in consequence of its specific lightness, is 
also apt to admit a counter-current of denser and cold air, which poifirs 
down into the room, and produces great inconvenience. This effect is 
prevented by heating, in any convenient way, the tube or flue through 
which the foul air escapes. A constantly ascending current is then 
established; and whenever cold air attempts to descend, the heat of the 
flue rarefies and drives it upwards. Thus the different ventilators may 
terminate in tubes connected with a chimney; or they may unite into a 
common trunk, which may pass over a furnace purposely for heating it, 
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or heated air may he sent, by a flue from below, into the space between 
the roof and ceiling of the room to be ventilated, and it may have free 
escape by proper apertures. 

in some of our theatres, the gas-chandelier is made a veiy effectual 
ventilator. It is suspended under a lai^e funnel, which terminates in a 
cowl outside the roof ; and the number of burners heat the air consider- 
<ibly, and cause its very rapid and constant ascent through the funnel, 
connected with which there may be other apertures in the ceiling of the 
building. But in these and similar cases, we often observe that the 
vents are not sufliciently capacious ; and the foul air from the house, and 
from the gas-burners themselves, not being able readily to escape, diffuses 
itself over the upper part of the building, and renders the galleries hot 
and suffocating — all which is very easily prevented by the judicious 
adjustment of the size of the ventilating channels to the quantity of air 
wliich it is requisite should freely pass through them. The small tin 
ventilators, consisting of a rotating wheel, which we sometimes see in 
window-panes, are perfectly useless, though it is often imagined, in con- 
sequence of their apparent activity, that they must be very effectual ; but 
the fact is, that a very trifling current of air suffices to put them in 
motion, and the apertures for its escape are so small as to produce no 
effectual change in the air of the apartment: they are also as often in 
motion by the ingress as by the egress of air. 

Prom what has been said, it will be obvious that our common fires 
and chimneys are most powerful ventilators, though their good services 
in this respect arc often overlooked. As soon as the fire is lighted, a 
rapid ascending current of air is established in the chimney, and conse- 
quently there must be a constant ingress of fresh air to supply this 
demand, which generally enters the room through the crevices of the 
doors and windows. When these are too tight, the chimuoy smokes, or 
the fire will not draw ; and in such cases it is sometimes necessary to 
make a concealed aperture in some convenient part of the room for the 
requisite admission of air, or to submit to sitting with a window or door 
partly open. Any imperfect action of the chimney, or descending current, 
is announced by the escape of smoke into the room, and is frequently caused 
by the flue being too large, or not sufficiently perpendicular and regular 
in its construction. When there is no fire, the chimneys also generally 
act as ventilators; and in Summer there is often a very powerful current 
up them, in consequence of the roof and chimney-pots being heated by 
the sun, and thus accelerating the ascent of the air. In a well-constructed 
house, there should be sufficient apertures for the admission of the requi- 
site quantity of air into the respective rooms, without having occasion to 
trust to its accidental ingress through every crack and crevice that will 
allow it to pass. These openings may either be concealed, or made orna- 
mental, and, by proper management, may be subservient to the admission 
of wann air in Winter. 

, The manner in which heat is distributed through our apartments by 
the fires in common use will be noticed afterwards; but large rooms are 
not uncommonly warmed by heated air, admitted usually through apertures 
in the floor, l^is system is extremely convenient, effective, and agree- 
able, when properly managed, but this is seldom the case. The rooms 
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are close and oppressive, because due ventilation is not associated with 
the admission of the hot air ; the apertures by which the air is admitted are 
generally too small, and the air itself overheated; the openings should be, 
according to circumstances, either large, or very numerous, and the quantity 
of ais thrown in should be considerable^ but its temperature moderate. 
In this way the bad smell produced by burnt particles of dust is avoided, 
and an agreeable freshness, as well as temperature, kept up in the air. 

§ 5. — Op the Determination op Specific Gravities. 

From the changes of bulk which bodies sustain when they change their 
temperature, it is obvious that their relative densities or specific gravities 
will be liable to proportionate changes ; hence chemists are in the habit 
of referring these to the mean temperature of 55"* or 60®, and, as the bulk 
of aeriform bodies is also subject to change by increased or diminished 
pressure, their densities are compared not only at mean temperature^ but 
also at mean barometrical pressure. 

By the term specific gravity^ we mean the ratio of weight to hulk; 
the object, therefore, of the processes for ascertaining it, is either to 
determine the iveight of a known bulk^ or the bulk of a known weight; 
for whether the substances be reduced to the same weight, and then 
measured, or to the same bulk, and then weighed, the ratio of their 
weights to their bulks will be discovered. If reduced to the same bulk, 
and iveighcd, their specific gravities will be directly as the weights; 
if reduced to the same weight, and measured, their specific gravities will 
be inversely as their bulks. Suppose a like bulk of each kind of matter 
in nature to be weighed, the results, numerically stated, would represent 
their specific gravities. But as this would be inconvenient, and often 
impossible, another method of reducing their bulks to a common measure 
is resorted to; and, in the case of solids and liquids, the specific gravity 
of pure water is assumed as the unit to which their specific gravities arc 
compared. On dividing the weight, for instance, of any bulk of the metal 
zinc by the weight of a like bulk of water, the quotient is 7 ; this, there- 
fore, is said to be the specific gravity of zinc. Proceeding in the same way 
with silver^ the quotient is 10'47; with gold^ 19*3; with 0'86 ; 

with sulphuric acid^ 1*85; with alcohol^ 0*80: hence these numbers are 
considered as representing the specific gravities of those bodies; that is, 
they are their relative weight to water, all being of the same temperature. 
To obtain the specific gravity, therefore, of a body, we divide its weight 
by the weight of a quantity of pure water equal to it in bulk, and ^is 
we determine as follows: 

We use a delicate balance^, so contrived as to admit of substances 
being attached to one of the scales by means of a horse-hair or a fine 
thread of silk. The absolute weight of the body thus suspended is then 
very carefully ascertained: it is next immersed in distilled water, of the 
temperature of 60®; and the beam being again brought to an equilibrium, 
we learn the weight lost by its immersion; or, in other words, we ascer- 
tain the weight of its bulk of pure water. We now divide the i^Um of 

* Balances fitted up for the purpose of regard to their use, and the precautions 
ascertaining specific gravities are sold by requisite in the various steps of the pro- 
the philosophical instrument midcers : in cess, see Faraday's Jlfampufo^on, g II. 
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its absolute weight by that of the weight which it* lost in watei^ and the 
quotient is its specific weighty or gravity, compared with' water of the 
temperature of 60''. 

Suppose a substance, weighing 360 grains, to lose 60 by immersion 
in water, the specific gravity of that substance will be = 6 ; for 3S0 -f- 
60 = 6. 

, When the substance, whose specific gravity is to be ascertained, is 
lighter than water, it may be suspended with some heavier body, and, 
having determined the weight of the former in air, and of the latter in 
water, we fasten them together by means of a fine thread (not so closely 
as to exclude water from their contiguous surfaces, or to include air- 
bubbles), and weigh them in water, when it will be found that their 
aggregate weight will fall short of that of the heavier body. ' If we now 
subtract the weight of the lighter body from that of the heavier body, and 
add the remainder to the weight of the former in air, we obtain the 
weight of a quantity of water equal in bulk to the lighter body; we then 
divide the weight of the lighter body in air by this last-mentioned sum, 
and the quotient is its specific gravity. 

“ A piece of elm wood having been varnished over to prevent its 
absorbing water, was found to weigh 920 grains in air; a piece of lead, 
chosen as the ballast, was ascertained to weigh 91 1*7 grains in water; 
the elm and lead were then tied together, and were found to weigh, in 
watery only 331*7 grains, being 580 grains less than the weight of the 
lead alone; therefore 580 were added to 920, that is, to the weight of the 
elm in air, which made up the sum of 1500: lastly, 920 were divided 
decimally by 1500, and the quotient, *6133, gave the specific gravity 
required.” — (Dr. Paris: Med, Chem. 9.) 

When the substance, whose specific gravity is required, is soluble in 
water, some other fluid, of known specific gravity, must be used, which 
does not act upon it ; alcohol, oil of turpentine, or olive oil, may, in most 
cases, be used. When the substance is in powdery it may generally he 
weighed in a specific-gravity bottle. 

jFor ascertaining the specific gravity of liquidsy we generally employ 
a thin phial, holding 1000 grains of distilled water, at the temperature of 
60®. If filled with any other liquid, and weighed, we leam its specific 
gravity; thus we should find that it would contain 13500 grains of 
mercury ;• 1 845 grains of sulphuric acid; 1420 grains of nitric acid, &c., 
which numbers of course represent the specific gravities of those liquids. 

A bottle, however, holding 1000 grains, is often inconveniently large, 
and a small and thin globular phial, with a piece of thermometer-tube 
ground into it by way of stopper, will be found more useful; such a phial 
should not weigh more thmi from 50 to 60 grains, and may contain 
between 400 and 500 grains of water. To use it, it should be accurately 
counter-balanced in a delicate pair of scales, and then filled with distilled 
water, and the stopper thrust in, the capillary opening in which allows a 
little to ooze out, and prevents likelihood of bursting the phial; it is 
then to be wiped cle^ and dry, and again carefully weighed, by which 
the quantity of water it contains is ascertained; the water being poured 
out, it is next filled wifli the liquid whose specific gravity is required, 
taking care that it is of the same temperature as the water; we then 
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weigh as before, and divide the weight by the former weight of water; the 
product gives the specific gravity required. Thus, suppose the phial to 
contain 4f}j5 grains of water at the temperature of 60% it will be found to 
hold 5737*5 grains of pure mercury of the same temperature; and 5737.5 
-r 42^^ = 13.5 the specific gravity of mercury. Or, supposing the liquid 
lighter than water, such as alcohol, of which we may assume the phial to 
contain 350.-5 ; then 350.5 -- 425 = 0.824 the specific gravity of the; 
alcohol under trial. 

We also, in determining the specific gravity of fluids, frequently 
employ the hydrometer; but it cannot be resorted to where great accuracy 
is required. Where, however, a number of specific gravities are to be 
quickly determined, as in respect to spirituous liquors for the purpose of 
levying duties, or in certain processes of the arts, these instruments, firom 
the facility of their application, become indispensable. 

The determination of the specific gravity of air^ and of different gases^ 
will be described under the article atmospheric air^ as it involves several 
circumstances not yet adverted to. 

§ 6. — ^Thermometers and Pyrometers. 

Having stated some of the general effects of contraction and expansion 
in the different forms of matter, we may now proceed more particularly 
to the examination of the thermometer — an instrument of considerable 
importance in all our researches connected with the subject of heat. 

The first instrument to which the term thermometer (from heaty 
and /AijTpov, a measure) can properly be applied, was apparently invented 
by the Florentine Academicians, about the middle of the seventeenth 
century. It consisted of a glass tube, with a bulb or ball blown at one 
extremity, fig. 57, nnd filled up to a certain mark, with spirit of wine; th# 
expansion of which, or its rise above the mark, indicated heat^ 
and its contraction^ or fall below the mark, cold. They after- 
wards placed a number of little equidistant studs of white 
enamel on the tube, rendering the expansions and contraetions 
of the confined liquid more evident; and by these they some- 
times divided it into a hundred parts or degrees. Such 
instruments were first introduced into England by Boyle. 

For a long time, no one would believe that a liquid could 
contract and expand in a tube closed at both ends; but Boyle 
soon satisfied himself of the fact by experiment, and by the 
inspection of the Florentine glasses^ for so these instruments 
were then called. About the begiiming of the eighteenth 
century, a considerable improvement was made in this original 
thermometer, by Fahrenheit, of Amsterdam, who, by the use 
of mercury instead of alcohol, was enabled greatly to diminish 
the size of the tube and bulb, and to measure comparatively 
high degrees of temperature. 

But all these instruments laboured under the serious defect of entire 
want of agreement with each other: the division of the tube was founded 
on no fixed principle, but was arbitrary, and differently constructed and 
applied in every thermometer. It required no common ingenuity to 
overcome this dfflculty, and to construct instruments which should agree 
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iritli eacli other when exposed to the same temperature. Tliis^ however, 
was at length effected by a suggestion of Sir Isaac Newton, founded upon 
a discovery of Dr. Hooke, who observed, that when a thermometer-tube, 
properly filled with mercury, was plunged into melting ice or snow, tlic 
liquid metal always contracted, or fell to a certain point, at which it 
remained perfectly stationary till all the ice was melted. If we now mark 
^this point upon the tube, it will be found that, whenever it is subjected 
to the same experiment, the quicksilver falls exactly to the same level or 
point, and hence this point may be called the melting-point of ice; and it 
has since been ascertained that this is also precisely the point at which 
water, under ordinary circumstances, freezes, so that it is also called the 
freezing-point of water. Here, then, a part at least of the difficulty above 
adverted to is removed, and one fixed point for thermometric graduation 
ascertained. 

Dr. Hooke afterwards made a similar discovery in regard to boiling 
■water, which, under ordinary circumstances, he found always exhibited 
one and the same degree of heat. If, therefore, we now plunge the ther- 
mometer, upon which the freezing-point of water has already been marked, 
into an open vessel of water placed upon the fire or over a lamp, we shall 
observe the mercury continue to rise in the tube until the water boils, 
when it becomes quite stationary, and the point may be marked as before. 
Now it will be found, that whenever this thermometer is put into boiling 
water, the mercury will rise to the same height \ Here, then, we have a 
second determinate point, namely, the boiling-point of water; and it is 
now obvious, that if we divide the space of the tube between these two 
fixed points into any given number of degrees, the mercury will indicate 
the same degree in all bodies of one and the same temperature ; and that 
any number of thermometers, carefully constructed upon this principle, 
■will agree ■with each other in their indications of temperature. The space 
between the boiling and freezing of water has often been divided into one 
hundred equal parts— the freezing-point being marked 0°, and the boiling- 
point 100°. 

This is commonly called the centigrade scale; it originated with Cel- 
dus, in Sweden, and is used in France and many other parts of Europe. 
Reaumur's scale calls the freezing-point 0°, and the boiling-point 80°, and 
is employed in most parts of Germany and Italy: but in this country we 
genei^y refer to Fahrenheifs scale^ which sets out at the temperature 
produced by mixing snow ■with salt, and which was erroneously conceived 
to be the lowest artificial temperature. It is, in fact, 32° below the 
freezing of water, and the space between that and the boiling-point being 
dmded into 180°, the latter is called 212°. In all these scales the gra- 
duation is continued downwards below 0°, in the same way as above it. 
These are called degrees below 0°, and are generally distinguished by pre- 
fixing the mark ( — ) minus before them: thus — 10° means ten degrees 
below 0°, and sometimes the mark (+) plus is prefixed to the degrees above 
zero, for the sake of greater precision; as + 10°, or ten degrees above 0°. 

* Some drcnmstances affect the boH- which the experiment is made. Wepre- 
ing-point, such as the state of the baro- sume above that the barometer stands at 
meter or of the pressure of the atmo- thirty inches, and that the vessel is of 
sphere, and the nature of the vessel in thin metal. 
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Each^egne of Fahrenheit’s scale is equal to f of a degree on 
murt: if, therefore, the number of degrees of Fahrenheit’s scale, 
or below Jthe freezing of water, be multiplied by 4, and divided by 
quotient will be the corresponding degree of H^umur. 

Fahrenheit. Rdaumur* 

68® - 32® = 36 X 4 = 144-4-9 = 16® 

212® - 32® = 180 X 4 = 720-^9 = 80® 

To reduce the degrees of Reaumur to those of Fahren- 

heit, tliey are to be multiplied by 9, and divided by 4. « 

K6aumnr. Fahrenheit. o 1, § 

16® X 9 = 144 4-4= 36® + 32® =r 68 I f I 

80® X 9 =720-7-4 = 180® + 32® = 212 ^ S £ 

Every degree of Fahrenheit is equal to f of a degree * * 

on the centigrade scale; the reduction, therefore, is 
as follows: — 

Fahrenheit. Centigrade. 

212 - 32 = 180 X 5 = 900 -f-O = 100° 

Centigrade. Fahrenheit. 

100 X 9 = 900-7-5 = 180 32 = 212° 

The annexed scale, including De Lisle's thermo- 
meter, which is sometimes used in Russia, and in 
which the boiling-point is marked 0®, and the freezing 
150“; and the following table of Fahrenheit's degrees 
compared with those of the centigrade and Reaumur’s 
scale, will save the trouble of their calculation. 


TABLE OF THE CORRESFOKDTNO DEOREES OK THE 
SCALES OF FAHREKHEIT, REAUMUR, AKD CELSIUS, 
OR CENTIGRADE. (From WarringtunCs Tables.) 


-4 -5 

-8 -10 


Reau- 
above 
9, the 




-16 -20 
-20 I -25 
-24 
-28 I -35 
-32 -40 


It is very much to be regretted that, for want of 
a little exertion and unanimity amongst the philoso- 
phers of Europe, these discrepant thermometric scales 
are so inconveniently retained: the centigrade scale 
is perhaps that which it would be most convenient 
generally to adopt. To avoid the inconvenience of 
the magnitude of its degrees, and the- consequent 
necessity of frequent reference to their fractional 
parts, a scale bias been proposed, the extremes of 
which are the freezing and boiling points of mercury, 
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the former to be 0% the latter 1000*. The entire novelty of such a scale 
is its principal objection. 

For all common purposes ordinary thermometers are sufficiently accu- 
rate ; but the experimental laboratory should be furnished with a standard 
thermometer^ very carefully constructed, and with a scale exhibiting the 
divisions of Reaumur and Fahrenheit, and the centigrade. Such an instru- 
ment of reference is useful to determine the quality of common thermo- 
meters, no two of which will be found precisely to agree at the different 
points of the scale. 

There are numerous and useful varieties in the forms of thermo- 
meters, which need not be here enumerated in detail. Among them the 
self registering thermometers are useful, as showing tlic maximum and 
minimum of temperature during the absence of the observer. Many of 
these instruments which have been suggested, are too complicated or too 
expensive to be generally useful ; but there are two of them -which are 
sufficiently simple, and in common use, namely, Six's thermometer ( Phil, 
Trans,^ vol. Ixxii.) ; and that contrived by Dr. John Rutherford {Edinh, 
Phil. Trans.^ vol. iii.) 

That the degrees of the thermometer actually represent equal degrees 
or increments of heat, is shown by a simple experiment originally sug- 
gested by Dr. Brook Taylor. It consisted in' mixing together, with due 
precaution, equal parts of hot and cold water ; and it was found that the 
thermometer, applied to such a mixture, indicated the arithmetical mean 
between the extremes. Thus, if we mix a pound of water at the tempera- 
ture of 200° with a pound at the temperature of 100°, an accurate ther- 
mometer will show in the mixture the mean temperature of 1.50°. 

Pyrometers. — ^The indications of the mercurial thermometer are 
obviously limited within the freezing and boiling points of mercury. It 
congeals at 40° below 0°, and boils at 650° ; and on the moment of its 
congelation it shrinks so remarkably, as to have led early experimentalists 
into considerable errors as to the actual cold required for the purpose. 
When it boils, its vapour, of course, bursts the tube. Although, therefore, 
the range of temperature which may be accurately measured by the expan- 
sion and contraction of mercury is very extensive, it is often requisite to 
measure degrees of cold below its freezing-point, and of heat above its 
boiling-point. Pure spirit of wine, or alcohol^ has never been frozen, 
and it is consequently used in those thermometers which are intended to 
indicate excessive degrees of cold; but no fluid has yet been found 
applicable to the construction of a thermometer capable of indicating 
higher temperatures than mercury. When, therefore, a degree of heat 
approaching to, or exceeding dull redness, is to be measured, other 
methods and substances must be resorted to : instruments constructed for 
this purpose are called pyrometers^ from fire^ and a measure. 

Of these instruments, that suggested by Mr. Daniell seems the least 
exceptionable, and is not liable to those sources of fallacy which render 
the results obtained by Wedgwoods clay pyrometer so uncertain and 
equivocal*. The original form of this instrument is described in the 

% 

* This pyrometer may now be con- I 
sidered as obsolete. It is described in | Ixxiv. Ixxvi. 
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Quarterly ^Journal qf Science^ voL xi., p. 309 ; but he afterwards mate- 
rially altered, and improyed its construction, and received for it the 
Rumford medal of the Royal Society. (Phil. Trans., 1830 and 1831.) 
It consisft of a bar of platinpm, or soft iron, about three-tenths of an 
inch diameter and six inches and a half long, which is introduced into 
a hole nearly of the same diameter, and an inch deeper, drilled in a 
bar of plumbago earthenware ; the metallic bar rests at one end against 
the bottom of this case, and at its upper extremity there rests upon if 
a cylindrical piece of porcelain, or index, which is so adjusted as to be 
pressed forward and retain its situatim, when the bar within has 
been expanded by heat. 

The exact amount of this expansion may be measured, by means 
of a scale (described in the papers) ; and there can be no doubt, wlien 
the precautions suggested by Mr. Daniell are duly attended to, that 
tlic measurements of this pyrometer are nearer truth than those of any 
other. The following points determined by it probably approach very 
near to accuracy: — 

Fahrenheit. 

Fiising-point of Silver 1873 

Copper 1996 

Gold 2016 

Cast-Iron 2786 

■ Platinum (above but near) . 3280 

This being the greatest heat of a good wind-furnace. 

Air-Thermom JIers. — S ometimes the expansions and coiftractions of 
air, which, as already stated, are relatively great, for small changes of 
temperature, are resorted to in delicate experiments, in which slight 
variations of heat require to be indicated. The simplest form of the aer- 
thermomeier consists of a tube with a 
thin bulb at its upper end, and dip- 
ping at the lower and open extremity 
into a little coloured fluid, fig. 58 ; 
some of the air is then expelled by 
the heat of the hand, so that, as the 
bulb cools, the liquid may rise to about 
half way up the tube. This instru- 
ment is very sensible to slight changes 
of temperature : heat expands the air 
in the bulb, and drives the fluid down- 
wards ; and cold, by contracting the 
air, causes the fluid to rise. Tins 
was one of the first forms of the 
thermometer that was invented, and 
is only inconvenient from its extreme 
delicacy, and the great length of tube 
required to measure any considerable 
range of heat and cold. 

Another and much more useful 
form of air-thermometer is repre- 
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sented in the wood-cut, fig. 59 : it has sometimes been called the diffe- 
rential thermometer. It consists of two bulbs, a and 5, fig. 69, containing 

air, united by a tube twice bent at 
right angles, in which Inhere is a 
little coloured sulphuric ac^ : the 
tube is supported upon a wooden 
foot or stand. When a hot body 
is brought near one of the bulbs, 
it expands the air within it, and 
drives the fluid towards the other ; 
from 5, for instance, to a. One of 
the chief advantages of this air-ther- 
mometer is, that it is not afPected 
general changes in the 
temperature of the surrounding air, 
because they act equally on both 
bulbs, and occasion no motion of 
the included column of liquid ; but 
when one of the bulbs is exposed 
to any source of heat which does not affect the other, the difference of 
temperature between the two bulbs is immediately and very sensibly in- 
dicated by the recession of the fluid from the heated towards the cold 
bulb. The advantages of this instrument will be more evident when 
some of its practical applications are afterwards pointed out^. 

§ 6, — Conduction op Heat. 

We have already seen (page 131) how easily heat is diffused through 
liquids by change of density, and that its propagation through aeriform 
bodies is often dependent upon a similar mode of transfer (p. 132). 
When heat traverses solid bodies its passage is altogether of a different 
character ; it suffers great retardation, and is said to be conducted. 

It has been observed by Sir J. Herschel {Discourse on the Study of 
Natural Philosophy^ p. 206), that as the particles of the most solid 
bodies are not absolutely in contact, conduction, when properly con- 
sidered, is merely a case of radiation, and “ that if we would rightly 
understand what is the process of nature in this slow communication of 
heat through the substance of a solid, we must ground our inquiries upon 
what takes place at a distance, and then urge the laws to which we have 
arrived up to their extreme case.” This mutual dependence of the laws 
of conduction and radiation will be again adverted to when considering 
the latter mode of the propagation of heat. We are, however, too little 
acquainted with the minute corpuscular structure of bodies, to know what 
goes on between particle and particle, in apparent contact; and the bad 
radiating, yet good conducting power of the metals, apparently shows 
that these are £stinct modes of the propagation of heat. 

Conduction by Solids. — A, rod or bar of metal is well calculated to 
illustrate this conduction of heat : if one end of it be held in the candle, 

* There is a useful Treatise on the I and pyrometers in the Library of Useful 
various constructions of thermometers | Knowledge. NatwrmlPMlo$.iVo\.n. 
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and the other in the hand, the heat gradually and progressively makes 
its way from one end to the other ; if the hand be near the source of 
heat, or the bar short, it soon becomes too hot to hold. If we employ 
bars of dtff^erent metals, it will be found that some conduct heat better 
than others : thus, if two similar wires, one of platinum and one of silver, 
be heated at one end, the heat will pervade the silver much more rapidly 
than the platinum ; and if cones of several metals, 
like the one represented in fig. 60, be respectively 
tipped with a small piece of wax, and placed upon 
a heated plate of metal, the wax will melt at dif- 
ferent periods upon the different cones, thus showing their different 
conducting powers. 

Silver, gold, copper, and tin, are the best conductors, and nearly 
equal ; iron, platinum, and lead, are much inferior. (Ingenhousz, Jour, 
de Phys.., 1780, p. 68 ; Despretz, Ann. de Ch. et Ph.^ vol. xxxvi., 
p. 422.) It does not appear, th^efore, that the conducting power cor- 
responds either with the density, the tenacity, or the fusibility of the 
metals. Next to metals, the diamond, the topaz, and some earthy com- 
pounds, appear to have the greatest conducting power : then stony bodies, 
porcelain and glass, and porous earthy compounds, such as earthenware 
and bricks. Wood is a very bad conductor of heat ; so is charcoal ; and 
these may be held, without burning the fingers, very near the red-hot part. 

Erom the experiments of Professor Mayer, of Erlangen, (^Annales 
de Chimie^ tom. xxx.) it would appear that the conducting powers of 
different woods is in some measure inversely as their specific gravities, as 
shown by the following table, water being assumed as = 1 . 


Water . . 

Conducting 

Power. 

. 10 . 

Specific 

Gray. 

. l.OOO 

Oak 

Conducting 

Power. 

. 32.6 . 

Specific 

Gray. 

0.668 

Ebony wood . 

. 21.7 . 

; 1.054 

Pear tree . . . 

. .32.2 

0.603 

Apple tree . 

. 27.4 c 

. 0.039 

Birch .... 

. 34.1 

0.608 

Ash .... 

. 30.8 . 

. 0.631 

Silver fir . . . 

. 37.5 

0.495 

Beech . . . 

, 32.1 . 

. 0.692 

Alder .... 

. 38.4 

0.484 

llombeaiu . 

. 32.3 . 

. 0.690 

Scotch fir . . . 

. 38.6 

0.408 

Plum tree 

. 32.5 . 

. 0.687 

Norway Spruce 

. 38.9 

0.447 

Ehn . . . 

. 32.5 . 

. 0.646 

Lime .... 

. 39.0 

0.408 


The porous vegetable and animal substances used in clothing, and the 
natural coverings of most animals, are also imperfect conductors of heat ; 
but in these ctises interstitial air cannot be excluded, and consequently 
their true conducting power is not accurately determinable: however. 
Count Rumford found that when a heated thermometer, surrounded by 
about an inch in thickness of confined air, took 576 seconds to cool 135'^, 
it took 1032 seconds to cool to the same point when 16 grains of lint 
were diffused through the confined air, and 1305 seconds when the same 
weight of eiderdown was used; so that, as the conducting power is in- 
versely as the times, if the power of air be reckoned as 1000, that of the 
lint will be 558, and of the eiderdown 441. The conducting power of 
these substances is further diminished by the closeness with which their 
particles are compressed, provided, that is, their texture is not too closely 
compacted : thus, when the same space which in the above experiment 
was occupied by 16 grains of eiderdown, was filled first with 33 grains. 
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and then nvitih 64, the times employed in the escape of the 60 degrees of 
heat from the enveloped iihermometer w^re successively increased from 
1305 seconds to 1472 and 1615 seconds. 

To show the influence of mere texture upon conducting j) 0 \fer, similar 
trials were made with raw silk, ravelings of white taffeta, and of cpmmon 
sewing silk ; of which the first has the finest fibre, the second less fine, 
and the third, from being ti^dsted and harder, is much coarser. Tlie 
difference between these three modifications of the same substance was 
very striking; the raw silk detaining the heat for '1284 seconds, the 
taffeta ravelings 1169 seconds, and the silk thread only 917 seconds. 
{Phil. Tratis., 1792.) 

The application of these facts to the retention of the natural heat of 
the body by different kinds of clothing, is sufficiently obvious ; and it is 
evident that, as far as mere conducting power of animal and vegetable 
substances is concerned, the worst conductors are those in which the 
fibres are finest and least condensed. There are, however, other circum- 
stances which interfere in these applications, and which will be more 
intelligible when the subject of radiation of heal is under consideration. 

Conduction hy liquids. From all experiments that have been made upon 
this subject, it appears that liquids are very imperfect conductors of heat ; 
so imperfect, indeed, that they have frequently been regarded as absolute 
non-conductors; and the same remark applies to gaseous or aeriform bodies. 
It has already been shown (page 131), that in the usual mode of heating 
liquids, the heat is applied to the bottom of the vessel containing them, 
and is diffused over the whole mass in consequence of successive changes 
of density in the heated portion ; the warm currents which are thus esta- 
blished, ascend, and the cold ones descend, and this motion is kept up fill 
the water boils. If, however, we apply heat to the surface of the water, 
the heat can only be propagated downwards by its conducting porver ; 
for the heated portion, being hghter than the colder water beneath, floats 
upon its surface, and no interchange of strata, analogous to that pre- 
viously described, can possibly ensue. It may thus be shown that it is 
almost impossible to transmit heat through water or other fluid by its 
mere conducting power. The following, among other experiments, may 
be selected in illustration : — Let a, fig. 61, represent a cylindrical vessel of 

water with an included air-thermo- 
meter, the bulb of which very 
nearly reaches the* surface : 6 is a 
small copper basin floating upon 
the surface, the bottom of which 
is only separated from the bulb of 
the air-thermometer by a very 
thin stratum of water : if a little 
glowing charcoal be now put into 
the basin, the sur&ce of the wa.ter 
may be heated to its boiling-point, 
and yet scarcely any elevation of 
temperature will be indicated by 
the neighbouring thermometer; 
and it will be impossible to transmit the heat from the surface down- 






Bildr ooiliibu||it>£|j|^^ liplvro^ ^ 6|Mr & €^!dip8XEtiT6ly and only pro* 

Thii i4 d^6de*of' ilhuiTaflljig ihe btimOOxidiicting power of 

aitoth4lf Kqtttd**-iifilnely/ot^^ af df. 69, tepreseiits a thin gloss tube about 
two feet in lei%th, dfesed at one^end, 
and open at "^ho dfhet^ ponT^hito it a 
oonple of hichee of wafer, ^ and freeze 
it by immersion in a mixture of salt 
and ke ; then upon the lump of ice at 
the bottom, 6, pOur eight or ten inches 
of oil, c, and upon the oil, two or three 
inches of spirit 6f wine, d. If the 
portion of the tube containing the 
spirit be now carefully held over the 
chimney of a lamp, the spirit may be 
boiled, and even entirely eyaporated, 
whilst the oil will be little heated, 
and the ice not thawed. 



These^ and a number of similar fects and experiments, show that 
foater^ and other liquids, are impeifect conductors of heat ; and that 
fluids acquire and lose heat principiJly by the currents whidi have been 
above described (page 131), and which always take place in them when 
partially heafed or coolhd ; the warmer parts ascending, and the colder 
descending. WhateversiApedes these motions will proportionately inter- 
fere with the heating and cooling of the fluid. Hence viscid liquids, or 
those containing sunstances that mechanically thicken them, are more 
tardy in their reception and emission of heat than pure water : of this, 
thick soups aflbrd a femiliar example ; they are a long time cooling. 

Conduction bt GASEs.-<-The experiments which have been made to 
determine the conducing powers of gaseous bodies, are not very satisfactory 
in their results ; and it has tbs yet scarcely been ascertained whether air 
is, or is not, property speaking, a conductor of heat. 

When a Ifeated body is suspended in the atmosphere, and freely 
exposed on all sides to air, it gradually parts with its excess of heat, so 
as to attain « the temperature of the surrounding substances; but this 
cooling efiect is prodibced by % variety of causes, independent of any 
real conducting poW4ir of the air. We have almady alluded to the 
ettreme facility witht’il^hich currents are formed in tdr when heated 
•substanees ore exposed t6 it: Ihe warm air ascends, and a continual 
current is produced, which glides over the surfece of the heated matter ; 
thus, much heat is conveyed away by the establishment of currents, in 
consequence of change of deniidty jp the air. But heated bo^es 
exposed to air alto part with excets of iempcf^atare hjrafimtiop, aprocess 
continually going dhrf i r om their fmrfeces, 

our mmnte attention. JtJpSk the whole, it appears timatV UJti 
impeifect condudtor cf heat. ' 

ON tJSB mujoitn Oo|DiioTmo Pownns wotild 

affMlar, from what lub been stafed,^thit(!^Wbodieii^ M OufMtt 
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of liaTe th« weakest, attiact^ and, that bad 

9<^uctots have the stiibngest attraction : the former, therefore, part 
'mtk theih heat more readily than the latter. Metals, whicl||, ai« excellent 
conductors, are*' e^ily heated, and as easily give out tbeif heat. It is 
painful to' touch metal heated to about 120^. Water scalds at4d50°; 
but air may be heated to 250®^ or even 300®, without being painful to 
pu^ organs of sensation. Mr. Chantrey has a large stove^ or oven, for 
drying the^moulds employed in his bronze castings; a thermometer 
suspended in it generally stands at about 300®: the workmen enter and 
remain in it for some minutes without much inconvenience ; and a person 
wholly unused to such high heats may walk into and out of it with 
impunity, though^ to such, any attempt to remain generally occasions 
difficult breathing, and a painful sensation about the eyes, but the skin 
remains parched and dry. In subjecting ourselves to atmospheres thus 
highly heated, it is necessary carefully to avoid the contact of any good 
conductor of heat : if we touch a piece of metal, it would inevitably 
bum us; and a person once inadvertently entered with his spectacles on, 
which, being mounted in silver, presently burned the points of contact 
with his ffice. 


The relative conducting powers of metal and wood are familiarly 
illustrated in the application of wooden^ handles to metallic vessels 
intended to contain hot liquids; or, sometimes, where the handle is 
required to be of metal, a thin piece of wood or ivory is interposed 
between it and the body of the vessel, by which all rapid communication 
of heat is eifectually cut off. 

We avail ourselves of tl;^ bad conducting powers of brick and 
stone, in the constmetion of furnaces intended to retain their interior 


heat ; but where the object is to communicate heat to the surrounding 
air, and not to retain it in the body of the furnace, they are made of 
cast or wrought iron, and the lining of brickwork is dispensed with, so 
that the heat may readily find its way outward. 

Charcoal is among the very worst conductors of heat; and there is a 
well-knojira experiment which illustrates this, consisting in placing a 
tea-kettM of boiling water, just taken from the fire, upon the palnr of 
the h^d : it is, of course, essential to itsrsuccess that the bottom of the 
kettle should be well covered with soot, which is a porous form of 
charcoal, and effectually prevents the transmission of heat from the 
water within to the hand. 


The comparative conducting poiif er of wood fuid metal k| also well 
illustrated by the following experiment : take a smooth round bar of 
brass, or other meto/, about an inch in. diameter, and ten or twelve in 
length, and stretch a strip of writing-paper tightly over a part of it, to 
which apply the flame of a candle or spirit-lamp, and it will be found 
imposdble to burn or even singe t]ie paper ; for the heat passes through 
it to thf matal, c^id is conducted away so rapidly, that its accumulation, 
or t^ tesfierati^ required to bum the^ paper, canSiot be attained. If 
we now sutetit^te a wooden bar of the same dipensions as the metallic 
; one, stretch the paper over it, and hold it in the flame, the paper will 
presently and char, and the wood beneath wiU 'I^^ inflamed, in 
consequence of its' bad conducting power, which prevents the diffimion of 
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the heat, md ooncentrates its effects upon the spot to which the flame is 
applied, 

A stratum of confined air is an extremely had conductor of heat: 
hence theVdyantage, in some, instances, of double walls to furnaces, air 
being ^nfined between them; and to icehpuses, to exclude external heat; 
and of double windows to our apartments, to prevent the transmission of 
heat, and ingress of cold. 

• We have shown, that in air, the power of communicating heat is very 
feeble; its aftual power of abstracting heat is also proportionably small: 
in the high northern latitudes, provided the air is tranquil, and there is 
no wind, a degree of cold may be sustained without injury, in which 
mercury readily freezes; but if, in this state of the atmosphere, metallic 
substances be touched, of the same low temperature, a sensation like that 
of burning is experienced, and the part becomes blistered. 

We have above adverted to the effects of a high temperature upon 
the human body. The opposite effects of a very low temperature cannot 
be commanded artificially, and, therefore, opportunities seldom occur of 
witnessing them so as minutely to observe their consequences. Captain 
Parry and his associates, in their Voyage for the Discovery of a North- 
west Passage^ irequently experienced a degree of atmospheric cold 
below the freezing of mercury. Under the date of Tuesday, the 15th of 
February, 1820, he says, ^‘!l^om four p.m., on the 14th, till half-past 
seven on the following morning, being an interval of fifteen hours and a 
half, during which time the weather was clear, and nearly calm, a ther- 
mometer, fixed on a pole between the ships and the shore, never rose 
above — 54°, and was once, during that interval, namely, at six in the 
morning, as low as — 55®. This low temperature might perhaps have 
continued much longer, but for a light breeze which sprung up from the 
northward, immediately on which the thermometer rose to — 49°, and 
continued still to rise during the day, till, at midnight, it had reached 
— 34° *. During the lowest temperature above mentioned, which was the 
most intense degree of cold marked by the spirit-thermometer during our 
stay in Winter Harbour, not the slightest inconvenience was suffered 
from exposure to the open air by a person well clothed, as loil|^ as the 
weather was perfectly calm; but in walking against a very light air or 
wind, a smarting sensation was experienced all over the face, accompanied 
by a pain in the middle of the forehead, which soon became rather severe. 
We amused ourselves in freezing some mercury during the continuance of 
the cold weather, and by beating it ovi/t on an anvil previously reduced to 
the temperature of the atmosphere ; it did not appear to be very malleable 
when in this state, usually breaking after two or three blows of ihc 
hammer.'* 


§ 7* — Capacities fob Heat. Specific Heat. 

Undeb these terms we shall consider the relation of the temperature ot 
bodies to the quantity of heat contained in them. That the tlmhnometek 
is an accurate measure of temperature, has been shown by Dr. Taylor*s 

* The reader will observe that these temperatures are all behts (tpf l^sStaeu* 
hrit*s scale. 
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experiment already but, as was first shown by Dr. in his 
lectures at Glasgow, in '1732, it affords us no correct insight into the 
absolute quantity of heat necessary to produce a givm temperature: if, 
for instance, a pint of olive oil and a pint of water be brought from a 
cold into a warm room, from a temperature perhaps of 40^ to a tempera- 
ture of 70 ^, they will, it is true, gradually acquire the same temperature ; 
<and thermometers imipersed in the respective liquids will gradually rise 
from 40^ to 70°; but if we carefully watch the manner in which this rise 
of temperature is brought about, we shall find that the oil^hcquires the 
temperature of 70° more rapidly than the water; whence it may be 
inferred, that the oil requires less heat to raise it from 40° to 70° than 
the water. Again, if we reverse the experiment, and transfer the two 
liquids from a warm to a cold room, it will then be observed that the oil 
cools more rapidly than the water: the fact is, that the quantity of heat 
required to raise water from 40° to 70° is much greater than that required 
to raise the oil a similar number of thermometric degrees, and conse- 
quently oil is more rapidly heated and cooled than a corresponding 
quantity of water. The following experiment proves this to be the case. 
A pint of water at 212° was surrounded, in a proper apparatus^, by ice, 
and the quantity of ice which was thawed by the heat given out by the 
water in cooling from 212° to 32°, was accurately ‘ascertained. A similar 
experiment was then made with otV, and it was found that, in passing 
through the same range of temperature, it only thawed half as much ice 
as the water: although, therefore, the temperatures of the liquids were 
the same at the outset and conclusion of the experiment, the quantity of 
heat given out by the oil was only half that given out by the water; 
whence we infer that bodies^ though of the same temperature^ do not con- 
tain the same quantity of heat — some requiring more, and some less heat, 
to raise them to a given thermometric point. The' quantity of heat thus 
required is called the specific heat of the body; and if, in reference to the 
above statement, we call the specific heat of water 100, that of oil will only 
be 50 ; or, in other words, water has twice the capacity for heat that oil has. 

It has been stated that equal quantities of the same fluid, at different 
temperatures, give the arithmetic^ mean, on mixture. Thus, the tem- 
perature of a pint of hot and a ^pt of cold water is, after mixture, as 
near as possible half-way between the extremes. The cold water being 
of a temperature of 60°, and the hot of 100°, the mixture raises the ther- 
mometer to 75°« But if a pint of quicksilver at 100° be mixed with a 
pint of water at 60°, the resulting temperature is not 76° but 73°; so 
that the quicksilver has lost 30°, whereas the water has only gained 20°. 
Hence it appears, that the capacity of mercury for heat is less than that 
of water; and if the weight of the two bodies be compared, which are as 
13.3 to 1, their capacities will be to each other as 19 to 1. 

In cases where the specific heat of bodies is to be ascertained, it is 
convenient that water should be the sitandard of comparison, or 7 = 1. 
The foUoINng is a general formula for determining the specific heat of 

* The iufitrament employed for this iiuCahHmeter, Its inaccuracy, resulting 
•purpose was contrived by Lavoisier and from the difficulty of separating the 
1^1^ and is fully described in Lavoi- water from the ice, has been riiown by 
aier'BEiemeniio/Cbemisfry: they termed Wedgwood.— (PAi/. Tram, vol. nxxiv.) 
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bodies, &i& the temperatwe resulting from the puxture of two bodies at 
unequal temperatures, whatever be their respective qOhiitities. Multiply 
the weigbl of the water by the difference between its ori^nal temperature, 
and that of the mixture; also*multiply the weight of the other liquid by 
the difference {)etween its temperature and that of the, mixture: divide 
the first product by the secotfd, and the quotient will express the specific 
heat of the other substance, that of water being se 1. Thus, 20 ounceif 
of water at 105^, mixed wi& 12 ounces of npermaceti oil at 40^ produce 
a temperature of 90^. Thefefore, multiply 20 by 15 (the difference between 
105 and 90) ==: 300. And multiply 12 by 50 (the difference between 
40 and 90)' = 600. Then 300, 600, 2 = which is the specific heat 

of oil: that is, water being = 1, oil is 0*5. 

MM. Petit and Dulong have published some important researches on 
the subject of specific heat, which render it probable that the atoms of all 
simple substances have exactly the same capacities for heat; hence the 
specific heat of an elementaiy substance, multiplied into the weight of its 
prime equivalent, should always give the same product {Ann, de Ch. et 
Pkys.y vol. X.): the following Table shows their results: — 



Specific 
heats, that 
ot water 
being 100 

Weight of 
the atom^. 
oxygen 
being 1 

Product 
of these 
two 

nunlber^. 

Bismuth .... 

0*0288 

13*300 

0*3830 

Lead 

0*0293 

12-950 

0*3794 

Gold 

0*0298 

12*430 

0-3704 

Platinum . . . 

0*0314 

11*160 

0-3740 

Tin ...... 

0*0614 

7*350 

0*3779 

Silver .... 

0*0557 

6*750 

0*3759 

Zinc 

0*0927 

4*030 

0*3736 

Tellurium ... 

0*0912 

4*030 

0*3675 

Copper 

0*0949 

3*957 

0*3755 

Nickel .... 

0*1035 

3*690 

0*3819 

Iron 

0*1100 

3*392 

0*3731 

Cobalt .... 

0 1498 

2*460 

0*3685 

Sulphur .... 

0*1880 

2*011 

0*3780 


They have also shown that the specific heats of bodies are greater at 
high than at low temperatures; the specific heat of iron, for instance, was 
found to be as follows; — 

Centigrade. Specific Heat. | Cenligrado. Specific Heat 

Iron 0 to lOO** 0*1098 Iron^ to 300 . 0*1218 

0 to 200 . * . 0*1100 I 0 to 350 . . 01255 


The same holds good in respect to other bodies, as shown in the 


following Table: — 

Specific Heats Specific Heats 
betarees between 

0 and 100 cent. 0 and 300 cent. 

Mercury . • 0*0330 . • 0 0350 

. 0*0927 • • 0*1015 

Antimony . . 0*0607 . . 0*0549 

Silver . . . 0*0567 . .0 0011 


specific Heats Specific Heats 
between between 

0 and 100 cent. 0 and 300 cent. 
Copper . . • 0 0949 . • 0*1013 
Platinum . . 0*0355 . . 0*0355 
Glass .... 0*1770 . . 0*1900 

i 


Perhaps the least exceptionable experiments to ascertain the q[»et^o 
' heats of gaseous bodies^ are those of Delaroche and Berard de 
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Chim. kxxv., or Ann, of Phihs, t. ii.); by an ingenious apparatus they 
determined the relative heating powers of the different substances: the 
following Tables show their general results: — 



Equal 

volumes. 

Equal 

eights. 

Sp gravity. 

Air .... 
Hydrogen . 
Carbonic acid . 
Oxygen . . 
Nitrogen . . 
Nitrous oxide 
Olefiant gas . 
Carbonic oxide 

1*0000 

0*9033 

1*2583 

0*9765 

1*0000 

1*3503 

1*5530 

1*0340 

1*0000 

12*3401 

0*8280 

0*8848 

1*0318 

0*8878 

1*5763 

1*0804 

1*0000 

0*0732 

1*5196 

1.1036 

0*9691 

1*5209 

0*9885 

0*9569 


To reduce these numbers to the standard of water, three methods were 
employed; from which the numbers 0*2498, 0*2697» and 0*2813 were 
obtained for atmospheric air. They have taken 0*2669 as the mean, to 
which all the above results are referred, as follows: — 


Water . 1*0000 

Air .... 0*2669 
Hydrogen gas . 3*2936 

Carbonic acid . . . 0*2210 

Oxygen ... 0 2361 


Nitrogen . . . 0*2754 

Nitrous oxide . . . 0*2369 

Olefiant gas . . 0‘4207 

Carbonic oxide . . 0*2884 

Aqueous vapour . . 0*8470 


Clement and Desormes (Journal de Physique^ Ixxxix.) consider the 
specific heat of air to water as 0*250 to 1*000, or exactly one-fourth. 
But the whole subject of the determination of the specific heats of bodies, 
in various states, and at different temperatures and densities, is involved 
in much difficulty, and consequently the results of different experi- 
mentalists are at variance. The researches of De la Rive and Marcet, 
(Ann, de Chim, et Phys,^ xxxv. and xli.,) have thrown doubts upon the 
accuracy of the inferences above deduced, and their conclusions are again 
questioned by Dulong, (Ann, de Chim, et Phys,^ xli., 113). There can, 
in fact, be little doubt that the specific heats of substances have not 
hitherto been satisfactorily ascertained : the results above given are pro- 
bably the nearest approximations that the present state of the inquiry 
affords. 

The capacity of bodies for heat is very materially affected by their 
density; whenever density is diminished, capacity for heat is increased, 
and vice versd. Thus, in rqpurd to solids^ if we suddenly compress a piece 
of metal, it becomes hot, because its capacity for heat is diminished; and, 
therefore, in its dense and compressed state, it contains less heat than it 
did before; ihis is seen in the process of coining, where the blank piece, 
in sustaining the sudden and violent pressure of the coining-press, becomes 
suddenly warm; and a piece of soft iron, upon being dexterously struck a 
few heavy blows with a hammer, becomes hot enough to inflame the 
brimstone of a match. A piece of Indian-rubber, suddenly and forcibly 
dravm outy becomes warm in consequence of the extension, as may easily 
be perceived by applying it to the Up the moment it is stretched, that 
part being very susceptible of sUght changes of temperature. 

Similar changes of capacity for heat, attending change of density, are 
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also perceived in liquids. When sulphuric acid icr mixed with watery the 
relative density of the mixture is suddenly and greatly increased, and it 
becomes j)oiling hot. When alcohol and water are mixed, there is also an 
increase of density, and heat 1$ evolved. 

we have a convenient opportunity of observing that, as on the 
one hand, condensation produces heat, so, on the other, rarefaction, or * 
diminution of density, is attended by increased capacity for heat, or, ip 
other words, by the production of cold. suddenly compressed by the 
piston of a syringe, evolves so much heat as to inflame combustibles 
exposed to it ; but if we suspend a thermometer in the receiver of the 
air-pump, we shall find that, during exhaustion, the rare&ctionw expan- 
sion which the air suffers, causes a diminution of several degree of tem- 
perature; and this is one reason why the air in the higher regions is so 
much cooler than that below. As it ascends from the earth it expands; 
and in expanding, its capacity for heat is increased: it therefore cools itself, 
as well as the surrounding bodies. 

The Andes, placed almost under the line, rise in the midst of burning 
sands; about the middle height is a pleasant and mild climate; the sum- 
mits are covered with unchanging snows ; and these ranges of temperature 
are always distinct. The hot winds from below, if they ascend, become 
cooled in consequence of expansion ; and the cold mr, if by any force of 
the blast it is driven downwards, is condensed and rendered warmer as it 
descends. 

When hot steam suddenly issues, under great pressure, from a small 
aperture into the atmosphere, its instantaneous expansion so far cools it, 
that, instead of scalding the hand held in it, as is the case with ordinary 
steam, it scarcely feels w'arm. 

Another case in point is furnished by the Fountain of Hiero, as it is 
called, at Schemnitz, in Hungary. A part of the machinery for working 
these mines is a perpendicular column of water, 260 feet high, which 
presses upon a quantity of air enclosed in a tight reservoir: the air is con- 
sequently condensed to an enormous degree by this height of water, which 
is equal to between eight and nine atmospheres ; and when a pipe com- 
municating with this reservoir of condensed air is suddenly opened, it 
rushes out with extreme velocity, instiintly expands, and in so doing it 
absorbs so much heat as to precipitate the moisture it contains in a shower 
of very white compact snow, which may readily be gathered on a hat 
held in the blast. The force of this is so great, that the workman who 
holds the hat is obliged to lean his back against the wall, to retain it in 
its position. 

If the blast from an air-gun be directed upon a delicate thermometer, 
it sinks it a few degrees, from the cold produced by the sudden expansion 
of the air. 

§ 8. — ^Effects of Heat is changing the form of Bodies. Latent Heat. 

Having described the principal phenomena attendant upon the expansion 
of bodies by heat, and having noticed the manner in which it is propa- 
gated through liquids and gases by changes in their densities, and through 
solids by their conducting powers, we may now proceed to a veiy im^rtant 
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pijg^ rf the UaMy of this power of matter— namdy, to Us effe<^ tsfon the 
fisms or staies bodies. 

. When solids are exposed to a certain d^ee of heat, they c^nge their 
state, and are converted into liquids; and liquids^ under the same circum- 
stances, are changed into vapours or elastic fluids: thpse again, ^y the 
loss of heat, revert to the liq^ state; and Kquids, by 4^6 degrees of cold, 
aro^solidified*. /ce, water ^ and 4 /eam, are fiuniliar instances of these 
{hm states of matter, and the phenomena attendant on their production 
may be discussed under the heads LiqurfactUm and Vaporization. 

§ 9. — ^LiquEPACTioif. 

Omb veiy important hct respecting the conversion of ice into water has 
already been mentioned, in describii^ the method of graduating thermo- 
meters (page 138), namely, that, during the progress of thawing, the ice 
and the water always maintain an umform temperature, which is equal to 
32^ of Fahrenheit’s scale. Suppose, for instance, that we bring some 
pounded ice from a very cold place (say of the temperature of 0 °) into a 
rodb of the temperature of 60% the ice, of course, soon begins to liquefy, 
and a thermometer plunged into it rises from 0 ^ to 32^; but there it 
remains stationary until the whole of the ice has melted: the water thus 
formed, then gradually rises to 60% which is the temperature of the sur- 
rounding air. Now it is obvious, that during the whole process of thawing 
under the circumstances above described, heat must be entering the ice, 
but its effect is, not to elevate its temperature, but to melt it: the heat 
apparently combines with the ice, to constitute water, but it does not affect 
the thermometer. 

To heat thus united with bodies, Dr. Black gare the name of latent 
or combined heat; and he instituted a number of elegant experiments 
upon the subject of liquefaction and congelation, one or two of which may 
be here detailed: they are at once simple and satisfactory. 

Two similar glass globes were filled, the one with five ounces of water, 
which was afterwards frozen, and the other with water cooled down to 
between 32° and 33°, but not suffered to congeal. That which contained 
the ice was allowed to remain in a warmer air, till the ice began to melt, 
at which time its temperature was as nearly as possible 32° or 33°. The 
two vessels were then suspended in the middle of a large room without a 
fire, or any notable draught of air, and of the average temperature of 47°. 
The vessels, therefore, were in every respect under similar circumstances 
of temperature within and without, and with similar contents, except that 
the one contained tee, and the other water, 'The progress of heating was 
then noted. In that which held the water, the thermometer rose in half 
an hour to 4(P; but, in the other, it took no less than ten hours and a htdf 

* It is probable that dlsttbstancesare precededby a softening of texture so as 
susc^tible of these changes; thougl^ on to admit oS adhesion by wsMinp, as in 
the one hand, the tempeiatare requixed poiedain, glaas,iKm,andpktmums and 
for the ^ue^tion and evaporation of certain solm which are very volatile rise 
some solids is extremely high; and on the in vapour before fusion; in order to 
other, the temperature required for the liquefy them, they require to be heated 
reductionofniaaygasesto the liquid state undew pressure, 
unattainably low. Furion is somefimes 
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before aQ Ihe ice was melted, and llie contents had reached to 40^ C%. 
sequently, the rate of heating was twenty^^me times slower in the ice-yessel 
than in t^t which held the cold water; but the actual heat received by 
the former was obviously nearly uniform the whole time; and, therefore, 
it requijred about twenty-one times as much heat to bring ke to the state 
of water, and to raise it to 40®, as to raise ice-cold water to the same 
point. Or, to express it by another form, — if the water had continued to, 
receive as great an influx of heat as the ice during the whole twenty-one 
half hours, its temperature would, of course, have been raised twenty-one 
times as much as during the single half hour; ^and, as this was 7^, the 
whole would have been twenty-one times 7®, or 147°. The difference 
between the gain of temperature in 4he ke and the water, with equal 
accessions of heat, is therefore about 140®; and thus 140® is the expression 
of that quantity of thermometric heat, or temperature, which disappears, 
or is rendered latent by the separate operation of the liquefaction of ice; 
the actual quantities of matter in the comparison being equal. (Black's 
Lectures^ and Aikin's Dictionary ^ Art. Caloric.) 

The conclusions drawn finim the preceding experiment on' the slow 
thawing of ice, were verified and confirmed by melting it rapidly by mix- 
ture with hot water. Thus, if we take any quantity of ^ely pounded 
ice, or of snow, at the temperature of 32®, and mix it with an equal weight 
of hot water, at the temperature of 1 72®, the whole of the snow imme- 
diately melts, and the temperature of the resulting water is only 32®. 
Here, therefore, the water suddenly loses 140® of heat, while the tem- 
perature of the snow remains as at the outset of the experiment, and is 
not at all increased. So that 140® of heat have disappeared; they have 
combined with the snow; and their effect has been, not to raise its thermo- 
metric temperature^ but to convert it into water. Ice, therefore, when it is 
converted into water, absorbs and combines with a certain proportion of 
sensible heat, and renders it latent. The exact number of thermometric 
degrees of heat which disappear during the liquefaction of ice have been 
somewhat differently estimated by different experimentalists. The mean 
of the whole is about 140®, which also is Dr. Black's inference. 

From the preceding experiments we deduce this important general law 
— that in all cases of liquefaction^ a quantity of heat not indicated by^ or 
sensible to^ the thermometer^ is absorbed or disappears; and that this heat 
is withdrawn from the surrounding bodies^ leaving them comparatively cold. 

The cases whiclc we have cited, are those of liquefection at compara- 
tively low temperatures, and relate to ice and water; but the same laws are 
observed in all other cases, and where the temperatures are comparatively 
high: to these the term fusion is generally applied: spermaceti, for 
instance, fuses at 112®, and retains that temperature during its fusion, so 
long as any portion remains unmelted: when the whole is liquid, and not 
till then, its temperature may be elevated above the fusing-point. Agam; 
a ladlefol of lead cannot be heated red-hot till all the metal is melted; 
and a quantity of red-hot melted lead is instantly cooled down to its 
point of fusion (which is about 612®) by the addition of a piece of solid 
lead. 

That the heat which becomes insensible, or latent, durii^ me 
liquefaction of ice and other solids, rmains in the liquid, and '’is not 
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8|||»gether lost or destroyed, is shown by the circumstance of its being 
again emitted, or given out, during their congelatioiL if a vessel of 
warm water be exposed in a very cold atmoiq>haFe, the temperature 
rapidly sinks to the freezing-point, and then it begins slowly to congeal : 
if kept in the same situation, heat is of course abstracted as befo?ie ; but 
the thermometric heat remains stationary at about 32^, till the whole is 
^frozen, after which, the temperature begins again to sink as before. 

Perhaps ibe result of this experiment is more explicitly stated as 
fdlowB (I3iomson’s Chemistry^ vol. i.) : — If, when the thermometer is at 
22^, we expose a vessel full of water at 52^ to the open air, and beside 
It another vessel full of hrine^ at the same temperature, with thermo- 
meters in each, we shall find that both of them gradually lose heat, and 
are cooled down to 32^. After this, the brine (which does not freeze till 
cooled down to 4°) continues to cool without interruption, and gradually 
reaches 22^, the temperature of the air; but the pure water remains 
stationary at 32^: it freezes, indeed, but very slowly; and during the 
whole process its temperature is 32°. Now why should one liquid 
refuse, all of a sudden, to give out heat, and not the other ? Is it not 
much more probable that the water, as it freezes, gradually gives out the 
heat which it had absorbed during its liquefaction, and that this evolution 
maintains the ^temperature of the water at 32°, notwithstanding what it 
parts with to the air during the whole process ? It is easily shown that 
water, while conge^ng, is constantly imparting heat to the surrounding 
air ; for a delicate thermometer suspended above it is constantly affected 
by an ascending stream of air less cold than the air around. 

The following experiment also shows that this evolution of heat 
actually takes place during congelation, (Sir C. Blagden, Phil, Trans,^ 
1798.) If, when the air is at 22°, we expose to it a covered glass of 
water, with a thermometer in it, the water, if kept quite still, may be 
gradudly cooled down to 22° without freezing. It is, therefore, ten 
degrees below the freezing-point. If the water be now shaken, part of 
it instantly freezes, and the temperature of the whole rises to 32° ; so 
that the water acquires 10° of heat in an instant. Now, whence comes 
this heat? Is it not evident that it is derived from that part of the 
water which suddenly froze; and, consequently, that water ^ in the 
act of freezings gives out heat ? 

There are many instances of the sudden or rapid liquefaction of 
bodies, in which the absorption of heat or production of cold, are more 
remarkable and striking than in the cases above detailed. When finely 
powdered common salt, for instance, is mixed with pounded ice or snow, 
a sudden liquefaction of the solids ensues, and a proportionate production 
of cold ; they immediately run down into brine, which does not freeze 
^ reduced to near 0°; and a thermometer plunged into the mixture 
sinks nearly to that point. We sometimes avaU ourselves of this process, 
to remove hard trodden snow from the pavement in winter: it is soon 
liquefied by sprinklii^ a little salt upon it, and the temperature of the 
air is seldom low enough to freeze the brine which is produced. Con- 
fectioners employ the mixture of ice and salt to freeze cream in the hot 
weather of summer; and the same system is conveniently resorted to 
whenever comdderable cold is required. 
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In tlie$e cases, ihe disappearance of the heat is caused by the suddien 
formation of liquid brine from its solid constituents ; and the bodies 
being alrcjfidy cooled to 32°, the thermometer will sink about 30°. It 
was once supposed that this was the lowest temperature that could be 
artificially commanded ; and hence, probably, our thermometric scale sets 
out with it : but we now know that, by carefhl management, the mixture 
of certain materials will afford a much more intense cold. Among the. 
most effective of these is the mixture of snow and the salt called chloride 
of calcium or muriate of lime : the snow should be taken in its light 
flocculent state, as it falls in a very cold winter’s day ; and the. chloride, 
in fine powder, but not deprived of all its water of crystallization, should 
be mixed with it in the proportion of about three parts to two: the mix- 
ture should be made in earthen vessels, previously isooled, aad m&e lowest 
atmospheric temperature we can command; the thermometer will then 
sink from 32°, to between 40° and 50° below 0°, a temperature at which 
mercury freezes. By the successive application of freezing mixtures in 
a proper apparatus, Mr. Walker succeeded in sinking the spirit-thermo- 
meter to — 91° ; a temperature at which all known liquids, with the 
single exception of pure alcohol, are converted into the solid form. The 
following table shows some of the most useful of these freezing mixtures, 
and the temperatures which result from their careful application. {Phil. 
Trans, ^ 1795 and 1801.) 


Mixtures. 

Thermometer slake. 

' Parts 

Muriate of ammonia • d 

Nitre .... 5 
Water . « • .16 

From 60® to 10®. 

Nitrate of ammonia . 1 

Water • . . • 1 

From 60® to 4®. 

Sulphate of soda . • 5 

Dilated sulphuric acid . 4 | 

From 60® to 3^ 

Snow a a . .1 

Common salt . < . .1 

From 32® to 0®. 

Muriate of lime . . 3 

Snow .... 2 

32* to - 60®. 

Snow . . . . 2 

Diluted sulphuric acid . 1 
Diluted nitric acid . . 1 

From -10“ to -66® 

Snow or pounded ice • 12 

Common salt . . .3 

Nitrate of ammonia . 6 

From 18® to -26®. 

Muriate of lime • • 3 

Snow . . • • ^ j 

1 

1 

Diluted sulphuric acid & 10 
Snow . • • • ® 

From-«8“to-01“.. 
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« Whenever ice can be procured, its mixture with common sal# furnishes, 
the cheapest and most effectud of all the freezing mixtures applicable to 
the common purposes of Ufe; t>ut when it cannot be obtained^ we often 
conveniently av^ . ourselves of the two first saline combinations in the 
preceding table: either the mixture of muriate of aminoxiia and n^re, or 
of nitrate of ammonia and water, may be economically used, and the salts 
jnay again be obtained in a fit state for repeated use, by etaporation. In 
employing them to cool a bottle ''^ chi^pagne, fdr instance, a vessel 
should be selected a little larger, i^a n^ly as tall as the bottle ; it should 
then be filled with the coldest pump-water that can be procured, and the 
bottle placed in it: about four ounces of the salt in fine powdershould be 
sprinkled upon the shoulder W the bottle, so as, gradually dissolving, to 
^ or run down its sides; as the salt dissolves, the bottte Aotddbe gently 
turned in the mixture, and kept in it till an immersed' thermometer tells 
ns that the temperature is rising, which will be in about twenty minutes 
or half an hour. 

As liqne^tion is to the surrounding bodies always a codling process, 
"and as sudden liquefaction produces a sudden degree of cold, so solidifi- 
cation or congelation is to surrounding substances a heating process; and 
when it takes place suddenly, a proportionably sudden elevation of tem- 
perature^is the consequence. In the experiment described in page 112, a 
solution of Glauber s salt is made suddenly to crystallize ; and if the ^nd 
be applied to the flask, it will be found to become sensibly warm. When 
water is poured upon quick-lime, a sudden solidification of a large portion 
of water is eiOfected, in consequence of its attraction for the lime, which 
crumbles down into a dry white powder, and a great evolution of heat 
ensues, as we see by the steam which makes its escape in the ordinary 
operation of slaking lime. 

From the view, then, which we have taken of the constitution of 
liquids^ it is obvious that they may he considered as combinations of solids 
with heat; that, consequently, when they revert to the solid state, they 
give out their heat of fluidity, which, previously latent, or insensible to 
the thermometer, now becomes sensible, in consequence of the change of 
state: on the other hand, when solids are converted into liquids, they 
absorb or combine with that portion of beat which is requisite to their 
respective fluidities. 

Thus, the heat of fluidity of water is 140®, and that of the following 
substances in their liquid state has been determined by Irvine, namely, 
sulphur 144®, spermaceti 145®, lead 162°, wax 175®, zinc. 408®, tin 500®, 
bismuth 550®. 

We may conclude this part of our subject with the following table, 
bv Dr. Ure^ showing the freezing and melting points, as they are .called, 
odndifferent liquids and solids; that is, the temperatures at which the 
former congeal, and the latter liquefy. 


Bulphnrio ether 

Liquid ammonia . . . 

Nitric acid, spec. grav. 1.424 

Sulphuric add, q[>ec. grav. 1.6415 
Mercury 

Nitric add, spec. grav. 1.467 • 


- 46 ^ 

-46 

-46.5 

-45 

-89 

- 86.1 
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Sulphuric acid 

1.8004 

. 


-20* 

Nitric add 

r.8880 


. 

- 18.1 

Ditto 

1.2683 

, , 


- 17-7 

. Ditto 

1.3290 

• • 


- 2.4 

Brandy . « • 

0 

9 

\ • 


- 7.0 

Sulphuric acid 

1.8376 

• • 

• 

+ 1- 

Pure prussic acid 

• 

. 


4to6 

Common salt 

26 + water 76 


4 

Ditto 

22.2 + 

» 77.8 


7.2 

Sal ammoniac 

2() + 

„ 80 


8. 

Common salt 

20 *+ 

„ 80 


9.5 

Ditto 

16.1 + 

„ 88.9 


13.6 

Oil of turpentine 

a 



14. 

Strong wines 

• 

. 


. 20 

Roch^e salt • 

60 + water 50 


21. 

Common salt 

10 + 

„ 90 


21.5 

Oil of bergamot 

. 


. 

23 

Blood 

• 

* • 

. 

25 

Common salt 

6.26 X water 93.75 


25.5 

Epsom salts 

41.6 + 

„ 68.4 


25.6 

Nitre • • 

12.5 + 

„ 87.6 


26. 

Common salt . 

4.16+ 

„ 95.84 


27,6 

Copperas . 

41.6 + 

„ 58.4 

+ 

28 

Vinegar 

. 

. 


. 28 

SulphEite of zinc 

63.3 + water 46.7 

• 

28.C 

Milk 

, , 

. 


. 30 

Water 

, . 

. 

. 

32 

Olive oil 

, , * 



. 36 

Sulphur and phosphorus^ equal parts . 

• 

40 

Sulphuric acid, spec. grav. 1,741 

• 


. 42 

Ditto „ 

1.780 

• 


46 

Oil of aniso 


. * , 


. 60 

Concentrated acetic acid 

• 


• 

50 

Tallow, Dr. Thomson 

• • 



. 92 

Phosphorus 

• m 

• • 

• 

. 

108 

Stearin from hog's lard 

• 

• • • 


. 109 

Spermaceti 

• 

• * 


112 

Tallow, Nicholson 

. 

• • 


. 127 

Margoric acid 

# 

• • 

. 

134 

Potassium 

• . 

• • 


. 136.4 

Yellow wax 

. 


. 

142 

Ditto 


. • 


. 149 

White wax 

. 


. 

15^ 

Sodium 

• . 

. . 


. 194 

Sulphur, Dr. Thomson 

. 


. 

218 

Ditto Dr. Hope 

. • 

• • 


. 234 

Tin 

t 

• • 

. 

442 

Bismuth 

♦ • 



. 476 

Lead 

• 

• • 

. 

612 

Zinc, by Sir H. Davy 

• • 

• • 


. 680 

Ditto, Brongniort 


• % 

. 

698 

Antimony 

• 

• 


. 809? 


The solidifying tempeiature of the bodies above tallow, in the table, in 
usually called ^eitfreezit^ or congealing point/ and of tallow and the 
bodies below it, the fitting or melting point. 
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5 10. — ^Vaporisation. 

We may now proceed to examine the effects of heat upon liquids. When 
liquids are heated, they are converted with more or less facility into 
invisible elastic fluids, or vapours. When water is heated in open vessels, 
its temperature gradually rises, and vapour is seen to form on its surface, 
which increases till the thermometer rises to about 212^, which is called 
Ihe boiling-point of water; it is then violently agitated, and gradually dis- 
appears in the form of steam: but, although the source of heat is con- 
tinued, the temperature of the water remains stationary^ and both it, and 
the steam, continue at 212^. There are, therefore, in this simple operation, 
two leading circumstances to be attended to, which are very important in 
their application and consequences: these are, the degree of expansion 
which the water suffers by inversion into vapour; and the cause of that 
uniformity of temperature to which we have adverted, and which has been 
above noticed as furnishing one of the fixed points for thermometric 
graduation, (page 138.) 

In regard to the hulk of steam formed by a given bulk of water, it 
appears from the experiments of Gay Lussac, that a pint of water is con- 
vertible into 1689 pints of steam, at the temperature of 212^ (the baro- 
meter standing at 29.9 inches). Mr. Watt conceived the bulk of steam 
to be about 1800 times that of the water; and others have far exceeded 
even Watt's estimate: we may, however, adopt that of Gay Lussac as the 
i^st accurate. 

Other liquids form, under the same circumstances, diflerent volumes 
of vapour; dcohol, for instance, gives 660 times its volume, and ether 
all-out 443, each at the temperature of 212^. It is obvious, therefore, that 
these vapours will diifer materially in their respective densities. Steam 
is lighter than air, at the same temperature and pressure, in the proportion 
of about 10 to 16 ; the density of steam to that of air being as 625 to 1000. 
On the contrary, the vapours of alcohol and of eflbier are much heavier 
than air, the specific gravity of th^ former being 1.61, and that of the 
latter 2.58, in reference to air as unity. It might appear from these 
statements that the density of vapours was directly as the volatility of the 
liquids which produce them; but^it has been shown by Gay Lussac that 
bisulphuret of carbon, which boils at 110^, yieldcha denser vapour than 
ether, which boils at 98^. 

It has already been stated that the expansion of vapours by heat, and 
their contraction by cold, follows the same general law as that of gases, so 
long as the quantity of vapour continues the same; but if the vapour be 
in contact of the liquid producing it, then the increase of temperature will 
form a fresh portion of vapour, and the dilatation will proportionately 
en^ei of the whole bulk for each degree; so also will the con- 
traction of a' vapour on cooling deviate from &e above law, whenever any 
portion reverts to the liquid state. Und^r varying pressure^ the volume 
of vapour varies according to the same law as that of air, so long as the 
' state of vapour is preserved. 

Steam is an invisible elastic Jluid like common air^ and possessed of 
similar mechanical properties. We are, it is true^m the habit of asso- 
dating a smoky appearance with steam, because w^ generally observe it 
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when it is^ banning to be condensed; as when it escapes, for instance/ 
from the spout of a tea-kettle ; but, when perfectly formed it is quite 
inirisible, as may *be shown by boiling water in a flask, when perfect 
transparency will exist in the upper part of the vessel which is filled with 
the hot vapour ; and it only becomes visible when it escapes into the air, 
and su^rs incipient condensation. 

The same general fact, in regard to the visibility of vapour, is shown 
by the production otfogs^ which are occasioned by the mixture of warm ’ 
with coM air; the general depression of temperature thus produced, 
rendering the aqueous vapour visible, in consequence of its partial con- 
densation. This partial condensation does not amount to the actual 
precipitation of water, or rain; but consists of a multitude of thin 
vesicles; and hence , the appearance is often called mica/ar vapour; it 
constitutes clouds, mist, dew, and fogs. ClmUsy therefoice, are formed, 
whenever two masses of air, of different temperatures, and each saturated 
with moisture, meet and mix together ; but what it is that subsequently 
causes the condensation of the Vesicular vapour, and its precipitation in 
the form of rain, is not exactly known. 

Steam^ as we have said, is produced by heating water to 212^ under 
common barometrical pressure, the thermometer remaining fixed at that 
point, which is, therefore, called the boiling-point of water. But this pointy 
or temperature^ varies with^ and is immediately dependent upon^ the pres- 
sure to which the surface of the water is exposed; it is also, to a small extent, 
affected by the nature of the vessel containing the water. (Gay Lussac, 
Ann. de Chim. et Phys.^ vol. vii., p. 307, Quarterly Journal^ vol. v., p. 361.) 
Thus in a glass flask the boiling-point of water often rises to 214^ or 
216° ; and where the steam is irregularly formed, occasioning a bumping 
in the vessel, the boiling-point is proportionately high and irregular, but, 
upon throwing in a few metallic filings, pieces of wire, or other finely- 
divided and insoluble materials, the generation of steam is facilitated, 
and the boiling-point fivlls to its standard. Dr. Bostock has observed an 
analogous effect in ether an<^ alcohol (^Ann. of Phil. N. S.j ix., 196). 
Ether, heated in a glass vessel, hud its boiling-point lowered nearly 50°, 
by introducing a few shavings of cedar ; and s^ohol of the specific 
gravity of 849 had its boiling-point reduced in the same way between 
30° and 40°. 

In a metallic vessel, when the barometer stands at 30 inches, pure 
water boils at 212°; but when the barometer falls to 29 inches, the 
boiling-point of water is lowered very nearly to 210°. Of course, there- 
fore, we find a veiy considerable diminution in the boiling-point of water 
upon the summits of hills and mountains, and other elevated situations ; 
and a very delicate thermometer indicates a lowering of the boiling-point 
even at the top of high buildings. The Bev. Mr. Wollaston has described 
the method of constructing a thermometer of extreme delicacy, applicable 
to these purposes {Phil Trans.^ 1817)* Saussure found that, at the 
top of Mont Blanc, water boiled at 187^. Now, it has been shown that, 
for every half inch of variation in the barometer, the boiling-point of 
water varies eight-tenths of a degree; consequently, every tenA of an 
inch that the barometer rises or fis^lls, either elevates or depresses the 
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b<^liiig.pomt by 0J76'<^ » 4«!giree. Theae cupcumatangea leq^eetug ibe 
boiling-point mtar «ie Jbwe mentioned) to ibow tliat ovea flio oidi- 
changes in the height rf the barometer will materisUy affisot it. In 
thiscountiy theoieaM hagjktiii the barometer is a little shrat <xf30inehea: 
it Teiy rarely rises highetl'thaa 31 inehes, or 611s below 28.6 ;^so that 
from this cause alone^ there will be a rariation in the boiling-^int of 
water of between four and five degrees. 

Hie foUowing table of the boiling-points of different licraids been 
drawn up by Dr. Die {Dtctionaty, Art. Cawbio.) 


Ether, Specific gravity at 48^ . 

. G. Lussac 

Boiling-point. 

100* 

Carburet of sulphur 



113 

Alcohol, iq>ec. grov* 0.813 

• • • 

Ure 

173.5 

Nitric acU 1«600 

Water' * . 

• 

« Belton 

310 

213 

Saturated sol. of Glauber salt 

. Biot 

2131 

„ sugar of lead . . . 

• 99 

2151 

„ sea salt 

s . 


824* 

Muriate of lime 3 + water 1 

Uro 

330 

. ,j 35.5 + „ 

64.6 

• 99 

235 

„ 40.5+ „ 

69.5 . 


240 

Muriatic acid, 1.094 

• P 

. Dalton 

232 

„ 1.137 w 

. . 


222 

« 1.047 . 

. « 

* ta 

222 

Nitric add, 1.45 . 

. , 

* 99 

240 

„ 1.42 • 

• . . 

99 

248 

„ 1.40 . . 

. 

• 99 

247 

„ 1.35 • 


• 9f 

242 

y, 1.30 

. • 

* 99 

236 

„ 1.16 

• a . 


220 

Rectified petroleum . 

. • 

. Ure 

306 

Oil of turpentine 

• . 


316 

Su^huric add, specific gravity 1.30 + 

. liaiW 

240 

n 

1.408 

• 99 

260 

» n 

1.620 

• 99 

890 

» » 

1.660 

• 99 

35(r 


1.070 

• 99 

360 


* 1.090 

■ 99 

374 

» 97 

1.730 

• 99 

391 

99 n 

1.780 

* 99 

435 

99 99 

UlO 

• * 99 

473 

99 99 

1A19 

*«r 99 

487 

99 99 

1.827 

• 99 

501 

99 99 

1.833 

• 99 

515 

99 99 

1.84S 

* 99 

545 

99 99 

1A47 

• 99* 

576 

« 99 99 

1.848 

• 99 

580 

99 99 

1.849 

• 99 

805 

» 99 

1A60 

* It 

820 

/ 

ThdkpiraM ' . 

1.848 

• Ore 
• • 

600 

554 


e - • 


570 

fiilMaedofl 

a • • 


840? 

Hwpmy, (Ouloii^ MS*) . 

• * 


666 


hoilnig.poi)?t of TfWM ssWwW^m' paMly-dOMnduit 

t94a thefluanti^and partly upon the aatMo of the sate 
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the stean\ arising from them has the same temperature as that of the 
boiling solution. (Faraday and Gay Lussac, Ann. of Phil. N. S.^ v., 75.) 
Mr. T. Gr^ths has determined the boiling-points of a number of saturated 
solutions of salts, of which a table is given in the Quarterly Journal^ 
xviii., go. The following are a few of the results : — 


Dry fl It in 100 Boiling Dry salt in 100 Boiling 

Name of salt. ofi >lution. point. Nameofaalt. of solution. point. 

Acetate of soda . . 60 . . 266^ Alum 52 . . 220** 


Nitrate of soda . . GO . . 246 Sulphate of copper . 46 . . 216 

Nitrate of potassa. . 74 . . 238 Sulphate of iron . . 64 . . 216 

Muriate of ammonia . 60 . . 236 Acetate of lead . . 41 . . 216 

Muriate of soda . . 30 . . 224 Sulphate of soda . 31 . . 213 

Sulphate of magnesia 67 . . 222 

But if, as has already been remarked, the pressure be more consider- 
ably diminished, by artificial methods, the temperature at which liquids 
boil will be proportionately lowered ; and hence we often use the terms 
boiling and ebullition to signify the rapid conversion of water into vapour, 
independent (f the temperature at which it takes place : using the term in 
this sense, we shall presently have occasion to point out a case of boiling, 
at the freezing temperature. 

The air-pump is a very useful instrument for showing the influence 
of diminished pressure upon boiling-points. If, for instance, we place a 
glass of water of the temperature of 90® or 100® under the receiver of the 
air-pump, and remove the air’s pressure upon it, we shall observe that 
the water soon boils violently at that temperature ; and would continue 
so to do, but that the space in the receiver becomes filled with an atmo- 
sphere of vapour, which, exerting its pressure upon the water, again 
prevents ebullition. 

If we use liquids which, under ordinary circumstances, boil at tempe- 
ratures below that of water, we shall find them boiling in vacuo at pro- 
portionately low degrees ; this is the case with ether and with alcohol^ 
which, under the above circumstances, readily boil at all common 
temperatures. 

It may not be improper here to observe, that we are in the habit of 
applying the term vapour to all those elastic fluids which are easily recon- 
vertible into liquids ; steam is easily converted into water by lowering its 
temperature a few degrees ; and those liquids which have low boiling- 
points are especially convenient for illustrating these changes ; such, for 
instance, as ether or alcohol ; and as ether is only sparingly soluble in, 
and much lighter than water, it may be used in the following simple, but 
illustrative experiment. 

Nearly fill a glass tube about three feet long, and half an inch 
diameter, with water ; then pour a little ether upon the surface of the 
water; and closing the open end of the tube carefully with the palm 
of the hand, invert it in a basin of water, as shoum in fig. 63 : the 
ether will rise through the water, and occupy the upper end of the 
tube, a ; retaining, at common temperatures, its liquid state ; but if we 
now pour a little hot water upon, or hold a heated iron near to the ex- 
terior of the tube, it presently causes the ether within to boil, and its 
vapour may thus be made to drive nearly the whole of the water out of 

M 
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the tube into the bas^n below: 
the ether retains this elastic or 
vaporous state, so long ^its tem- 
perature is sufficiently high; that 
is, above 100°; but if we now 
cool the tube, by suffering some 
cold water to dribble over it, we 
shall observe the ethereal vapour 
return to its liquid state, and float 
upon the water as before. At 
temperatures above 212°, water 
would be in the same predicament 
as ether. 

With regard to the bodies 
usually called gases^ they are not 
thus easily condensible: a few 
of them become liquids when 
considerably cooled, and several others when subjected to great pressure ; 
but at ordinary temperatures and pressttres the gases are permanently 
elastic. 

The following apparently paradoxical experiment illustrates the in- 
fluence of diminished pressure in 
flicilitating ebullition. Insert a 
8top>cock securely into the neck 
of a Florence flask containing a 
little water, and heat it over a 
lamp till the water boils, and the 
steam escapes freely through the 
open stop-dbek ; then suddenly re- 
move the lamp and close the cock; 
the water soon ceases to boil ; but 
if the flask be now plunged into a 
vessel of cold water, as represented 
in fig. 64, ebullition instantly re- 
commences, but it again ceases on holding the flask near the fire, or over 
the lamp. In this experiment the air is driven out of the flask, and an 
atmosphere of steam included within it, which, upon immersion in cold 
water is condensed, and a vacuum formed above the water, which, upon 
the principle already noticed, boils under the diminished pressure : the 
vacuum is kept up by the successive condensations of the portions of 
steam formed, and the boiling goes on as long as the water in the fl ask 
remains sufficiently warm ; but if it be removed from the cold medium, 
and especially if it be warmed, a new atmosphere of steam is formed, the 
pressure of which prevents the recurrence of ebullition. 

Boiling* in a more or less perfect vacuum, is sometimes resorted to 
upon a laige scale in the arts ; it has been very successfully applied to 
the refining^of sugar, the syrup being thus concentrated to the granulating 
point, without the risk of biuming or decomposing it by any excess of 
heat. The same plan has also been resorted to in the Pharmaceutical 
Laboratory, in the preparation add disriltation of certain medicinal sub- 
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stances, tbe properties of which are easily impaired by heat. Mr. Barry 
has described a simple and effectiye apparatus for these purposes, in the 
Medico CJiirurgical Transactions^ (vol. x.) 

If we reverse the state of thu^s which has just been explained, and 
exposejiquids to an increased pressure^ we shall proportionately elevate 
their boiling points. Papin contrived an instrument for this purpose, 
which was called a digester. It was a cylindrical copper vessel, having 
a lid very nicely fitted to it and secured by screws. If such a vessel be 
about half filled with water, with the lid closely secured, and then put 
upon the fire, steam is soonMbrmed ; but having no escape, it presses 
upon the water, and prevents the further formation of steam till the 
temperature of the water rises above the boiling-point. This heat being 
conveyed to the steam, it now receives another portion of vapour without 
being condensed; and thus the quantity and the elasticity of the steam 
are continually increasing with the temperature. Water has in this way 
becii raised to the temperature of 419®, or even above it ; for Muschen- 
broek asserts that he raised the temperature of the water high enough to 
melt tin, which requires a temperature of 440®. 

At the temperature of 419®, 
the elasticity of steam is 1050 
times greater than that of at- 
mospheric air ; so that it exerts 
upon the inside of the vessel 
in which it is pent up, a force 
of at least 14700 pounds on 
each square inch; a pressure 
so enormous, ’ that few vessels 
can resist it, and, consequently, 
the source of many serious 
accidents ; which, in the appli- 
cations of high-pressure steam, 
are guarded against by safety- 
valves and other similar con- 
trivances*. 

For experiments of this kind 
upon a small and safe scale, 
the following is a go^ form 
of apparatus ; — a, fig. 65, is a 
strong brass globe, composed of 
two hemispheres screwed to- 
gether with flanches ; a portion 
of quicksilver is introduced 
into it, and it is then about 
half filled with water : 6 is a 
barometer-tube passing through 
a steam-tight collar, and dip- 

* The powerful effects of high-pressure hermetically sealed, and contain a dn^ 
steam ore illustrated upon a small scale of water, which ocoarions them to burst 
by the little glass bubbles commonly with, great violence; when suffideiiriy 
called candle or flre-crackere; they are heated. 
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ping into the quicksilver at the bottom of the globe : c is a thermometer 
graduated to about 400^, and also passing tlmugh an air-tight collar : 
d is a stop-cock, and e a laige spirit-lamp. The whole is supported 
upon the brass frame and stand f. Upon applying heat to this vessel, 
the stop-cock being closed as soon as the water boils, it will be found 
that the temperature both of the water and of its vapour, increases 
with the pressure, the extent of which is measured by the ascent of 
the mercury in the barometer-tube. 

According to Mr. Southern, the temperature of steam under a pres- 
sure of two atmospheres is 250% under that of four, 293% and under 
that of eight, 344°. The results^obtained by Dulong and Arago in 
reference to this question, are contained in the following table : they 
were obtained by experiment up to a pressure of twenty-five atmospheres, 
and at higher pressures by calculation. (Quart erfy Journal,^ N.S. vii, 
p. 119.) See also Dr. Ure’s table, PhiL Trans,^ 1818. 


SlaBtieitf of the 
▼•pour, taking 
• atmoapharic 
pma. aa unitj. 

TamperAture 
aeoording to 
Fahrenheit. 

Elaaticitjr of the 
vapour, taking 
atmoapherie 
press, as unity. 

Temperature 
according to 
Fahrenheit. 

Elasticity of the 
vapour, taking 
atmoapherie 
press, aa unity. 

Temperatm 

according 

Fahrenhe 

1 

212 

71 ... 

336*86 

19 

413*96 

1} ... 

233*96 

8 

.341*96 

20 

418*46 

2 

250*52 

9 

350*78 

21 

422*96 

2} ... 

263*84 

10 

358*88 

22 

427*28 

3 

275*18 

11 

367*34 

23 

431*42 

SJ 

285*08 

12 

374*00 

24 

435*56 

4 

293*72 

13 

380*66 

25 

'439*34 

4} ... 

301*28 

•14 

386*94 

30 

457*16 

5 

308*84 

15 

392*86 

35 

472*73 

Si ... 

314*24 

16 

398*48 

40 

486*59 

6 

320*36 

17 

403*82 

45 

491*14 

6} ... 

326*26 

18 

408*92 

50 

510*60 

7 

331*70 






The temperature of steam is always the same as that of the liquid 
producing it ; hence the high temperature of steam generated under 
pressure: and as this elevation of temperature may be accurately 
regulated by the degree of pressure, high-pressure steam is often conve- 
niently applied as a source of steady heat. 

We are now to show, more particularly, that the production of vapour 
is in all cases attended by loss of sensible heat ; and that, as in the case 
of liquefaction^ heat disappears, to constitute the liquid, so, in all cases of 
evaporation^ heat becomes, to a much greater extent, latent in the vapour. 

The faict already adverted to, that we cannot, under ordinary circum- 
stances, raise the temperature of water above 212°, although heat con- 
tinues as before to flow into it, shows that the heat must be latent in the 
steam, the temperature of which does not, however, exceed that of the 
water which produces it : and again, when water, as in the preceding 
experiment with the brass globe, is heated under pressure to a tempe- 
rature above its ordinary boiling-point, the moment that that pressure is 
removed by suddenly opening the cock, a quantity of steam rushes out 
with great violence, and the remaining water has its temperature imme- 
diately lowered to 212°. The quantity of water in this case, which 
constitutes the lost steam, is very sm^l, yet it carries off the whole 
excess of heat from that remaining in the globe. 
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Dr. Black instituted some vexy ingenious, and, at the same time, 
simple experiments, to determine the actual loss of heat during the con- 
version of^ water into steam*. He heated water in a tin vessel up to its 
boiling-point, and noted the time required for the purpose. The same 
heat w^ then continued till the whole of the water was evaporated ; 
and the time taken up by that process was also noted. Now, since, on 
the one hand, the accession of heat was constant, it was easily computed, 
how high the temperature would have been, supposing the rise to have 
gone on above 212^, in the same ratio as below it ; and, on the other, 
as the temperature of the steam was not raised, it was inferred that all 
the accession of heat from 212^ was essential to the very state and 
constitution of steam at that temperature ; this quantity was estimated 
at about 810^; that is to say, that the same quantity of heat which is 
required totally to evaporate boiling water at 212^, would be sufficient 
to raise the water 810° above the boiling point, or to 1022°, if it had 
remained in the liquid state. Dr. Ure estimates the latent heat of 
steam at 1000°, and has given the following as latent heat of other 
vapours. 


Vapour of alcohol . . . 457 

„ ether . . . 312.9 

„ petroleum . . 183.8 

„ oil of turpentine . 183.8 


Vapour of nitric acid . . 550. 

„ liquid ammonia . 885.9 
„ vinegar . . 903. 


On the other hand, when steam is again condensed into water, it 
necessarily gives out the latent heat which w^as essential to its state of 
vapour, and which, being then set free^ will raise the temperature of 
adjacent bodies as much more than an equal weight of boiling water 
would do, as the latent heat of steam exceeds that of the water. 

The small boiler, represented in fig. 66, may be conveniently employed 
in these experiments on the latent heat of steam t. 

For this purpose the 
tube e must be screwed 
on the stop-cock 6, and 
immersed into the glass 
of water f. The cock c 
being closed, the steam 
arising from the boiliiig 
water a will pass into the 
cold water the tem- 
perature of which will be 
much augmented by its 
condensation. Ascertain 
the increase of tempera- 
ture and weight, and the 
result will show how 
much a given weight of water has Jiad its temperature raised by a 
certain weight of condensed steam. To another quantity of water, of 
the same weight and temperature as that in the jar at the outset of the 
experiment, ^d a quantity of water at 212°, equal in weight to the 
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d^Sideiuied steam ; it will be found, on comparing the resulting tempe- 
intures, that a given weight of steam has produced, by its condensation, 
a much greater elevation of temperature . than the same quantity of 
boiling water. IF, for instance, 100 gallons of water at 50^ be mixed 
with 1 gallon at 212^, the temperature of the whole will be raised by 
about But, if a gallon of water be condeni^d from the state of 
^team in a still-tub containing 100 gallons of water, the Water will in 
that case be raised 11^. A gallon of water, therefore, condensed from 
steam, raises the temperature of 100 gallons of cold water 9^^ more 
than a gallon of boiling water. If the heat imparted to 100 g^Ions of 
water by 8 pounds of steam coul3 be condensed in 1 gallon of water, 
it would raise it to 950 ^ ; and a gallon of water converted into steam of 
ordinary density, contains as much heat as would bring 5^ gallons of 
ice-cold water to the boiling-point. The quantity of ice which is melted 
by steam of mean density is invariably 7i times the weight of the steam. 

In breweries and other manufactories, where large quantities of 
warm and boiling water are consumed, it is frequently heated by con- 
veying steam into it, or by suffering steam-pipes to traverse the vessels, 
or by employing double vessels, apian adopted with particular advantage 
in the laboratories of Apothecaries* Hall. This method of warming 
water has also been very advantageously applied to heating baths. 
Where a higher temperature than 212° is required, it is necessary to 
employ steam under adequate pressure, and a very ingenious means of 
producing high-pressure steam fbr this purpose has been contrived by 
Messrs. J. and P. Taylor, and applied by them, upon a very large scale, 
at Whitbread and Go's brewhouse. The heat given off by steam during 
its condensation, is also often advantageously applied to warming 
buildings, and is at once safe, salubrious, and economical. 

The existence of vapours of great density under high pressures and 
temperatures has been shown by the experiments of M. Cagniard de la 
Tour. {Ann, de Ck. et Phys.^xsi, 127 — 178; Quarterly Journal y xv. 
145.) ^though pressure restrains the volatilisation of a liquid, it 
occurred to him that there should be a limit beyond which liquids would 
notwithstanding be converted into vapour, provided sufficient space be 
allowed for its generation. A strong glass tube, two-fifths filled with 
alcohol, and hermetically sealed, was slowly and carefully heated ; as the 
fluid dilated, its mobility increased, and when its volume was nearly 
doubled, it suddenly disappeared, and became a transparent vapour. 
The same results were obtained with naphtha and ether; the latter 
requiring less space than the former to be converted into vapour without 
breaking the tube, and naphtha less space than alcohol. The presence of 
atmospheric air in the tubes did not interfere with the results. The 
same experiment succeeded, though difficultly, • with water, the tube 
edntaining only about one-fourth its volume. M. Cagniard de la Tour 
ascertmned, by means of a mercurial gauge, the pressures of the above 
vapours. Alcohol, occupying in vapour a space little more than thrice 
its'Iiquid volume, exerted a pressure = 119 atmospheres, and required 
for its production a temperature = 405°. Ether, under the same circum- 
stances, exerted a pressure of 38 atmospheres at 820°. The temperature 
of the vapour of water was nearly that of melting zinc. 
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Havi^ Aus axplained the circuxnstances under which Tapour is 
formed at high temperatimS) it may be necessary to o1;>serye, that pre- 
cisely the same laws preside over its production at Uno temperatures; 
that the constitution of vapour, therefore, is always the same. When 
water slowly evaporates under exposure to air, its vapour mixes with the 
surrounding atmosphere, and the process is usually called spmtanems 
evaporation; it takes place at all temperatures, and with a rapidity 
proportionate to the dr^ess of the air, and the velocity of the current 
passing over it : thus, in some of our manufactories, where laige quan- 
tities of liquids are to be evaporated, instead of heating or boiling them 
in the usual way, a current of hot air is made to pass over the surface of 
the fluid. 

It has just been stated that the vapour, slowly formed in cases of 
spontaneous evaporation, is similarly constituted to that produced by rapid 
ebullition; that is, there is the same loss or abduction of sensible heat in 
the one case as in the other. The exhalation of humidity, therefore, which 
is almost constantly going on from the earth's surface, powerfully modifies 
natural temperatures, and prevents accumulation of heat; the vapour 
forms mists and clouds, and when these are condensed into rain, their 
latent heat is again given out in the upper and cold regions. Hence we 
observe how important a part vapour performs in natural phenomena, 
considered as a mere carrier of heat^. 

By inducing rapid evaporation, at common or low temperatures, we 
have it obviously in our power to produce considerable degrees of cold. 
If a wet cloth is spread out in a keen wind at a temperature a few degrees 
above freezing, the water, by its rapid evaporation, soon carries off so 
much heat as to freeze the remainder, making the cloih hard and stiff by 
the formation of ice within its pores. 

There is no liquid better calculated for making experiments on the 
cold produced by spontaneous evaporation, than sulphuric ether; it is 
extremely vaporisable at ordinary temperatures, and if we pour a little 
of it into the palm of the hand, and blow gently upon its surface, we 
observe that, as it disappears in vapour, a very sensible degree of cold is 
produced. 

Jf we fold a strip of cambric round the bulb of a small thermometer, 
and suffer ether to dribble over it from a dropping-bottle, at the same 

* In many natural operations the con- can exist in any given space, entirely 
version of water into vapour, and the depends upon temperature. Thus, if 
condensation of vapour in the form of some water be put into a dry flask, at 
dew and rain, is a process of the utmost 32®, very little vapour will be form^ I 
importance, and tends considerably to it will contain more at 50®, and yet more 
the equalization of temperature over at 70®. But if, being at 70®» the tem- 
the globe ; for the theory of the process perature be lowered to 32®, vapour will 
is the same where evaporation is slow be condensed, and the portion retained 
and spontaneous from surfaces exposed will not exce^ that originally taken up 
to air, as where they ore rapidly boiling at 32®. The actual result of these 
out of atmospheric contact, the forma- experiments is the same when thefladc 
tion of vapour being independent of any is empty as when it contains air, but in 
attraction or affinity of idr for water. — the former case the evaporation is most 
(See Meteorologioal Essojfs, by J. F. rapid, for the air affords some mec^ 
Danioll, F.R.S.) Mr. D^ton has shown nicol resistance to the distribution' of the 
tliat the actual quantity of vapour which vapour. — (See Aimsspherio riir.) 



llie seYiqparatioxi by blowing gently upon i1^ with the 
|MfWBk,or4^ peif of bdlows, we shall observe the meicnry fall to several 
degEoea below tJie freezing-point; and if we substitute for the thermo- 
neter a thin glass tube containing a small quantity of cold water, a little 
deztaous management will enable us by the same means to freeze it. 

This congelation of water by the evaporation of ether, furnishes, by 
the help of Ae air-pump, a very striking experiment. IVovide a small 
Miin glm flask, which fits tolerably close into a bell-shaped wine-glass, as 
represented by the annexed cut (fig. 67). Pour a little good ether into the 

flask, and some cold water into the wine- 
glass, so that each may stand at about the 
level o, and place the whole apparatus, 
thus arranged, under the receiver of an 
air-pump. During exhaustion, the ether 
will boily that is, it will very rapidly pass 
oft' in tho state of vapour. Now, the 
irapour of ether, like all others, requires 
heat for its formation, and this it takes 
from the surrounding bodies, and, among 
the rest, from the adjacent water, which 
soon freezes in consequence of the loss of 
that portion of heat which was essential 
to its fluidity, but which has been carried away and pumped out in the 
ethereal vapour. It sometimes happens that the success of this experi- 
ment is prevented by the ether boiling over into the water, and so 
preventing its congelation; but this may be guarded against by putting 
a little bit of wood or paper into the ether, which causes it to boil regu- 
larly, and prevents sudden jets of vapour. 

There is an experiment yet more illustrative of the absorption and 
disappearance of sensible heat during evaporation, which consists in 
freezing water by causing it rapidly to evaporate ; it is performed as 

follows: upon the plate 
of a good air-pump place 
a flat shallow glass dish, 
A, about half filled with 
sulphuric acid, and a 
little above it a tin or 
copper basin, b, three 
parts filled vdth water, 
with a small thermo- 
meter, c, immersed in 
it. (Fig. 68.) This 
basin, which should be 
of the shape shown in 
the cut, may be conve- 
niently supported upon 
three ^ass legs, d, standing in the acid. Over the whole, place an air- 
pump receiver, not laiger than requisite, and proceed to withdraw the 
air. We first observe the escape of air from the water; the thermometer 
gradually sinks; the water then, in consequence of the rapidity of its 
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evapoialiom appears to boil; and if the whole apparatus is in good order 
it freezes in the course of five or ten minutes. Tie use of the sur&ce of 
sulphuric add here, is to absorb the aqueous vapour, which it does very 
energetically, and consequently occasions a constant firesh call upon the 
water for its formation. Now we have shown that vapour cannot be 
produced without the absorption of heal; and, in the case before us, the 
heat requisite to convert one part of the water into vapour is taken^from 
the o4her fluid portion^ which, thus losing the heat that constituted its* 
fluidity, becomes solid, or freezes. There is another phenomenon often 
observable in this experiment, which is, that the temperature of the water 
fells several degrees below the freezing-point, before congelation takes 
place; but the moment that the water freezes, it rises to 32 ®, in conse- 
quence of the escape of the residuary latent heat. The late Sir John 
Leslie, who contrived the preceding experiment, proposed it as a means 
*of procuring ice in hot climates, and su|gested for the purpose, a large 
single air-pump, capable of exhausting six or eight receivers at a time. 
He has also shown, that parched oatmeal, and certain dried earthy 
substances, may be substituted, as absorbents, for the sulphuric acid ; 
but they are far less effectual. The fact is, that the experiment is very 
interesting and curious as a philosophical illustration of the effects of 
vaporisation, but does not at present appear susceptible of economical 
applications. 

Dr. Wollaston’s cryophorus^ or ice-bearer, illustrates the same general 
facts, in a more simple manner than the preceding; it depends upon the 
same common principle, but the vacuum and the evaporation are brought 
about in a different 
way. A tube of the shape 
annexed, fig. 69 , has a 
bulb at each extremity, 
one of which is hdf 
filled with water; the 
interior of the tube is perfectly exhausted of air, the consequence of which 
is, that the water in the bulb is greatly disposed to evaporate ; but this 
evaporation can only proceed to a certain extent, in consequence of the 
pressure of vapour within the tube soon preventing its further progress. 
To get rid of this, to keep up the vacuum, and to occasion a constant 
demand upon the water for the fresh formation of vapour, the empty ball 
is plunged into a freezing mixture, which continually condenses the 
vapour within, and so accelerates the evaporation of the water in the 
other bulb, as to cause it ultimately to freeze. The success of this expe- 
riment, when it is attempted in a warm room, where there are several 
persons, is often frustrated by the rapid deposition of moisture, arising 
from the condensation of aerial vapour upon the water-bulb; an effect 
which may be prevented by protecting it from the free access of fresh 
portions of air, by immersion in a covered glass, as shown in the fol- 
lowing sketch, fig. 70, which also represents the empty bulb surrounded 
by a freezing mixture of pounded ice and salt. The intermediate tube 
between the bulbs of the ciyophorus may be of any length ; about two 
feet is most convenient, for when longer it is veiy apt to be broken. 

There are many cases in which we resort to accelerated evaporation. 
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at common temperatures, as a source of cold, without, however, carrying 
it so far as to produce ice. The sprinkling of floors and pavements with 
. water tends to cool them and the air, by its evaporation at summer 
temperatures: mine-coolers are porous earthen vessels, which are dipped 
into water, and, during exposure to air, become cooled by its escape from 
their surfaces in the form of vapour; and in some hot climates, porous 
bottles are filled with water, and suspended in a current of air; the water 
oozes to the surface, whence it is rapidly removed by evaporation, and 
cold is consequently produced. 

It will be obvious, from the facts which have now been adduced, that 
all vapours may be considered as combinations of solids or liquids with 
heat, and Mr. Faraday’s discoveries sanction us in regarding gases as 
similarly constituted; some of these are condensible by co/d, others by 
pressure^ into the liquid state: and we thus learn that they are merely the 
vapours of extremely volatile liquids, the boiling-points of which, under 
common atmospheric pressure, are, in many instances, lower than any 
natural temperatures. Under great pressure these gases may be coerced 
• into the liquid state, and, upon its removal, they instantly reassume the 
gaseous form, some with explosion, and some with the appearance of brisk 
ibuQition, and the production of intense cold. 

Mr. Faraday condensed the gases by exposing them to the pressure 
of their own atmospheres. He put the materials for producing them into 
a strong glass tube, a little bent in the middle, and hermetically sealed. 
When necessary, heat was applied, and when the pressure within became 
sufficient, the liquid made its appearance in the empty end of the tube, 
which was artificially cooled to assist in the condensation. In these 
experiments much danger is incurred from the bursting of the tubes: so 
that the operator shoidd protect his face by a mask, and his hands by 
thick gloves. He succeeded in liquefying the following gases, which, as 
will be seen, require various degrees of pressure for the purpose. 


Sulphmo^ acid . 
Ohlo^e ... 
Cyanogen . . . 
Ammonia . . 


Prctsnre in 
Atmospheres. 

. 2 at 46« 

. . 4 „ 

• ^ » 

. . C-6 „ 


Fnhr. 


60 


50 


Fahr. 


Pressure in 
A tmosphens. 
Sulphuretted hydrogen . 17 at 60* 
Carbonioacid . . . . 36 „ 32 

Muriatic acid .... 40 50 

Nitrous oxide .... 50 „ 45 
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Such losing the case of many of the gases once considered as per- 
manently elastic^ it is not unphilosophical to conclude that such as have 
not yet yjplded to similar methods of condensation are, nererthelcss, 
similarly constituted. 

§ 11. — ^Theory of the Steam-Engine. 

So many of the phenomena attendant on evaporation and liquefaction are ** 
illustrated by the action and principles of the steam-engine^ that it ma^ 
be worth while to refer to the construction and operation of that machine, 
as elucidating several points of discussion already adverted to. We 
are the more induced to this, as the subject is, in itself, extremely simple 
and intelligible, and yet not so generally comprehended as it should be, 
considering how much has been effected of late years by this admirable 
invention. 

The action of the steam-engine depends principally upon the two 
leading properties of steam which have been dwelt upon — namely, its 
expansive force^ and its easy condensation. To take the most simple view 
of these as moving powers, let a, fig. 71, represent 
a glass tube with a bulb at its lower end. It is held 
in a brass ring, to which a wooden handle b is 
attached, and contains a piston c, which, as well as 
its rod, is perforated, and may be opened or closed 
by the screw at top d: it is kept central by passing 
through a slice of cork at e. When used, a little 
water is poured into the bulb, and carefully heated 
over a spirit-lamp ; the aperture in the piston-rod 
being open, the air is thus expelled, and when 
steam freely follows it, the screw may be closed, 
when, on applying cold to the bulb, as, for instance, 
putting it on the surface of a little mercury in a 
glass, the included steam is condensed, and a 
vacuum formed, which causes the descent of the 
piston, in consequence of the air pressing upon it 
from above. On again holding the bulb over the 
lamp, steam is reproduced, and the piston again 
forced up ; and these alternate motions may be 
repeatedly performed by the alternate applications 
of beat and cold. This instrument gives a tolerably correct notion of the 
application of steam in the old engines, where it was employed conjointly 
with the air’s pressure as a moving power. 

In the most perfect construction of Watt's engine, steam is exclusively 
employed both for elevating and depressing the piston ; and the follow- 
ing diagrams and description may perhaps enable the reader to under- 
stand the very ingenious method in which it is thus applied: — (See figs. 
72 and 73.) 

a is the 9 team^pipe issuing from the boiler, and so contrived as alternately to deliver 

steam into the cylinder by above and below the piston 0. ' 

b is the main cylinder of the engine. 

c is the pistony with the piston-rod passing through an air-tight collar at the top of 

the cyUiidcr, which is commonly called the sii^finy-box. 





d.is the educHoihpipey by which the steam, having performed its duty in the cylinder, 
makes its escape into the condenser, 

€ is the condenser^ immersed up to the level p, in a cistern of cold water. 

/, the injectUm-eocky by which a small jet of cold water is admitted into the condenser. 
hy a pipe communicating with a pump called the axr^pwmpy by which the condensed 
steam and injection-water are continually pumped out of the condenser: it 
also pumps out the air, and keeps a constant vacuum in the cylinder and 
condenser. 

t represents the moveable plug of a cock which has two passages, and which opens 
alternate communications with tlie steam-pipe and the eduction-pipe. In 
fig. 1, this plug is shown in the position wliich admits the steam to pass into tho 
cylinder <jione the piston : in fig. 2, the plug has shifted its position, and now 
admits the steam to pass into the cylinder helwo the piston : in the former case 
the condenser is open to the space below the piston ; in the latter, to the space 
above the piston. 

Let us now suppose a vacuum to exist in the cylinder h; the steam passes 
through the pipe a, in the direction of the arrows (fig. 72 ), and entering 
the cylinder ahooe the piston, immediately forces it downwards. The 
piston having reached the bottom of the cylinder, the plug of the cock t 
shifts its position, and is now as represented in fig. 73; the steam enters as 
before at a, and passes in the direction of the arrows to the hott(m cylin- 
der, so as to elevate the piston. It is obvious that this action could not 
take place unless the steam, by which it had previously been depressed, 
were removed; this therefore makes its escape by the eduction^pipe d, 
(fig. 73), and passes into the condenser e, where it reverts to the state of 
water, which is got rid of by the air-pump through the pipe h (fig. 72 ). 
The piston being noit in the position represented in fig. 72, and the plug 
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haling agaip shifted its position, the steam enters ahwie the piston as before, 
while the spaee under the piston has now a free communication with the 
condenser 1^ the eduction-pipe d; so that the steam, which had first been 
active in raising the piston, is not in the way of its depression. I have 
here represented and described what may, perhaps, be called the simplest 
form of this engine, in order to render its principle as intelligible as 
diagrams admit. Instead of the four-way plug t, sliders or sliding-valves 
are generally used, as being less liable to wear, and more easily kept air- 
tight; but in all cases the same alternate communication with the boiler 
and with the condenser is effected. 

§ 12. — Radiant Matter. Reflection and Refraction of Light. 

Of the substances belonging to our globe, some arc of so subtile a nature 
as to require minute and delicate investigation to demonstrate their 
existence ; they can neither be confined, nor submitted to the usual modes 
of examination, and are known only in their states of motion, as acting 
upon our senses, or as producing certain changes in the more gross forms 
of matter. They have been included under the general term of Radiant, 
Imponderable, or Ethereal Matter, which, as it produces different phe- 
nomena, must be considered as differing either in its nature or affections. 
Respecting the nature of%these phenomena, two opinions have been enter- 
tained, and each ably supported. It has been supposed by Huygens, 
Euler, and Descartes, that they arise from vibrations of a rare elastic 
medium which fills space ; while Newton has considered them as resulting 
from emanations of particles of matter. The former opinion has been 
ably advocated by Dr. Young, who has selected from Newton many pas- 
sages favourable to the undulatory theory, and has shown that it explains 
phenomena not easily consistent with the theory of radiating par- 
ticles. (Young’s Nat, Phil.j vol. ii., p. 631. See also Fresnel's Exposi- 
tion of the Undulatory Theory in the first volumes of the Quarterly 
Journal^ N,S,) 

It may suffice here merely to advert to those opinions without touching 
upon the reasoning by which they are respectively supported, and which 
has no immediate connexion with chemical science ; there are, however, 
certain affections and effects of light, and of the heat that radiates from 
the sun, and from terrestrial bodies, which form an important part of 
chemical philosophy, and constitute one of the principal links by which it 
is connected with physical inquiries. 

The phenomena of vision arc produced either by bodies inherently 
luminous, such as the sun, the fixed stars, and incandescent substances; 
or they are referable to the reflection of light from the surfiices of bodies. 
It is thus that the objects around us are visible by reflecting the sun's 
rays in the day-time, but become lost in obscurity when that luminary 
sinks beneath the horizon. The manner in which the eye is affected by 
luminous bodies, shows that light is transmitted in right linesy and every 
right line drawn from a luminous body to the eye is termed a ray of light; 
and, as a congeries of rays possesses the same properties as the single 
ray, the same abstract term is frequently employed to designate the 
congeries. 
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The disGoyeries of Roemer, (PAiV. Trmis.^ voL xii.,) and f>f Briley, 
{PhiL Trans.y vol. xxxy. and xlv,,) have shown that the motion of light 
is progressive, and that it is about eight minutes and thirteen^ seconds in 
passing from the sun to the earth, so that it may he considered as moving 
at the rate of 192,000 miles in a second; and, in the language of Mr. 
Herschel*, it performs the tour of the world ‘4n about the same time 
that it requires to wink with our eyelids, and in much less than a swift' 
runner occupies in taking a single stride.’^ It is with extreme difficulty 
that we can conceive either emanations of matter or ethereal undulations 
to assume such extreme velocity, for, in the former case, how incon- 
ceivably minute must particles be, not only to impinge without injury 
upon terrestrial objects, but even to fall without pain upon our delicate 
sensual organs; and in the latter, how subtile and attenuated must be the 
medium by or through which the vibratory impulses are communicated. 

We get some notion of the velocity of light by comparing it with the 
progress of sound, which moves at the rate of about lOOOfeet in a second, 
or 760 miles in an hour; yet, its comparatively tardy progress is recog- 
nised, in observing the time that elapses between the flash and the report 
of a gun fired at a distance ; the latter reaching the ear some time ^ter 
the former comes to the eye; a period of nearly five seconds thus elapses 
when the gun is only a mile o£P, and we are thus enabled with some 
degree of accuracy to calculate the distance of luminous phenomena 
attended by sound; the varying time that elapses between seeing a flash 
of lightning and hearing the thunder is another familiar instance, and 
from it we infer the distance and course of the electric discharge. 

Although, therefore, the sun is so far distant from the earth, that a 
cannon hall, proceeding with its greatest speed, would be twenty years in 
reaching itf, and, that although almost a million times larger than the 
earth, its magnitude, as viewed from the earth, scarcely exceeds that of 
the moon, which is not much more than one-fourth the diameter of our 
globe, (the former 2160; the latter 8400 miles; the diameter of the sun 
being 882,000 miles,) yet, such is the velocity of light, that a flash of it 
from that luminary would be seen in little more than eight minutes after 
its emission ; whereas, the sound evolved at the same time (supposing a 
medium like air capable of conveying sound between the sun and the 
earth, and the distance 95 millions of miles) would not reach us in less 
than 14 years and 87 days. It is ^evident, therefore, that certain astro- 
nomical phenomena are not visible upon the earth, till a certain time after' 
their occurrence ; and it was this obi^rvation, as applied to the eclipses of 
Jupiter's satellites, that formed one of the data upon which the velocity of 
light was determined, and which led to the discovery of its progressive 
motion. The earth’s motion, in reference to that of light, gives rise to 
the phenomena of aherralum, for the earth will have moved a certain 
distance in*lier orbit during the time that a ray of light, which renders a 

* Diieaurse on the Study Natural which a ray of light would dart over in 
Philosophy, p. 23. eight minutes. The subsequent disco- 

t " The earth, moving at the rate of very of the aberration of light confirmed 
nineteen miles in a second, would take this astonishing result.’* — Mrs. Somer- 
two months to pass through a distance ville. 
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Star vinble^Jis passing from it to the observer; consequently the apparent 
differs from the real place of a star.* 

Some bcglies intercept light, or are opaque; others allow its transmis- 
sion, or are transparent; aivl there are gradations from perfect opacity 
to nearly perfect transparency, as we see in semitransparent or trans-^ 
lucent bodies. It is probable that opacity results from the attraction of 
the substance for light, and not 'from its density, for it can scarcely be 
supposed that the particles of bodies should not be far enough distant to 
allow of the passage of light. Newton supposes the particles of trans- 
parent bodies to be of uniform density and arrangement, and attracting 
the ray of light equally in every direction, they suffer it to pass through 
them without obstruction; whereas, in opaque bodies, the particles are 
either of unequal density or irregularly arranged, and the light being un- 
equally attracted, cannot, therefore, penetrate the body. 

But although we are in the habit of using the terms perfect trans^ 
parency and perfect opacity^ such states do not in &ct exist ; for the air, 
glass, water, and similar media, all arrest or absorb certain portions of 
light; whence it is inferred that perfect darkness may prevail in the depths 
of the ocean ; and on the other hand, that the most opaque substances, if 
sufficiently attenuated or extended, would transmit light, as is the case 
ivith gold, and with exceeding thin laminae of some other metals. 

Refraction of Liout. — When a ray of light passes through the same 
medium, or when it passes perpendicularly from one transparent medium 
into another, it continues to move without changing its direction; but, 
when it passes obliquely from one medium into another of a different 
density, it is thrown more or less out of its' old direction, and is said 
to be refracted. The refraction is towards the perpendicular when the 
ray passes into a denser medium, and from the ^rpendicular when it 
passes into a rarer medium. The medium in which the rays of light are 
caused to approach nearest to the line perpendicular to its sur&ce, is said 
to have the greatest refractive density. 

In the annexed diagram, fig. 74, a re- 
presents the oblique ray passing through 
air, and entering water at 6, and glass at 
c, and emerging into the air at ci, p,p is 
a perpendicular line, towards which the 
ray is refracted in the medium i, and to, 
a still greater extent in the denser 
medium c; but on again emeiging 
into air at a\ it turns from the perpen- 
dicular, and resumes its former line of 
passage. 

We accordingly find that when the ray a traverses one and the. same 
medium, differing in different parts in its density^ it will suffer a^defiection 
in various parts of its course proportionate to the density of the medium. 
We know that the density of the atmosphere is greatest at the earth's 
surface, and that it decreases as we ascend, gradu^y becoming more 
more attenuated; hence, supposmg the temperature uniform, teftao- 
tive power of the atmosphere woidd be greatest ut the earth's sur&ce, and 
gradually diminish as we recede from it; a ray of light, therefore; passing 
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obliquely from a celestial object and falling upon this Toriable atmosphere, 
i^ould be gradually more and more bent in its passage through it, and 
move in a curved line, exactly as if the atmosphere consisted of an 
infinite number of layers, gippulually increasing in density from above 
doivnwards. 

It is this deflection, or refraction of light, 1;hat causes bodies to appear 
bent or distorted ivhen viewed through transparent media, such as water 
or glass: an object, for instance, seen through a prism, seems more or 
less thrown out of its real place; and a stick, plunged into water, looks 
as if it were bent or broken. For the same reason, a piece of money, 
placed at the bottom of a basin, appears to be raised when water is poured 
upon it ; so that if, in the first instance, the eye be so placed, in reference 
to the edge of the basin, as just to see the further edge of the coin, on 
pouring water into it, the whole of it will be visible: by spirit of wine it 
will appear to be still more raised than by water; and by oil, more than 
by spirit. 

In viewing objects, therefore, through refracting media, they are 
always more or less thrown out of their real places ; and, in consequence 
of atmospheric refraction, the sun and stars are visible before they 
actually emerge from, and after they have sunk beneath, the horizon; and 
as, on the one hand, in consequence of the progressive motion of light, 
and the great distance of the objects, celestial phenomena are not seen 
till an appretiable time after their actual occurrence; so, on the other, in 
consequence of refraction by the atmosphere, they are not seen in their 
real places; with the exception, indeed, of stars in the zenith. These dis- 
placements are so trifling as to be disregarded in ordinary cases, but they 
require strictly to be taken into the account in astronomical calculations. 

The density of bodies is, however, by no means the only circumstance 
that affects their refractive power, it also depends upon their chemical 
nature; and, generally spesJeing, those substances have the greatest 
refractive power which are combustible, or which contain an inflammaldc 
basis. Nor is the refractive power of cotnpounds the mean deduced from 
that of their components; which, however, it generally is, in mere mix- 
tures, Hydrogen, sulphur, phosphorus, diamond, bees*-wax, amber, oil 
of turpentine, camphor, linseed-oil, and olive-oil, have refractive ptTlvcrs 
from two to seven times greater in respect to their density than those of 
most other substances. Newton, observing the high refractive power of 
the diamond, inferred that it was ^ aiF unctuous substance coagulated,*' 
long before its combustibility and real nature were known. This laW 
seemed at one time to be opposed by an* m>servation of Dr. Wollaston 
req>ecting pAojrpAoru^, which led him to ascribe"* to it* a low refractive 
power; but Sir D. Btewster, confiding iiMhe truth of the generalizi^tion, 
found, by forming that highly-inflaminable substance into prisms and 
lenses, tkit its refractive power was nearly as high as the diamond, and 
double that of the diamond when compared with its density. The fal- 
lowing is a table of the refractive powers of many of the gases ai^d 
vapours, that of atmospheric air being 1000, from the experiments of 
Dulong . — {Bfdletin Philom. 1825; Ann^ de Ch. ei Phys.j xxxi., 164;, 
Gmelin Handbkch^ i. 139). If the refi^tive power is directly as the 
density ^d inflammability (implying by that term, attraction for oxygen 
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w electr<vpo8itive power,) it i« perhaps the product of the density into 
the ini^mmabaity; in which case the latter will be found by dividing the 
refractive^ power by the density; and, in column b, hydrogen presents 
itself as the most electropositive, and ox 3 !|ren as the most electro-negative, 
body, and the other quotients ugree with this, excepting nitrous oxide, 
which appeafs more electropositive than nitrogen. It appeal's from 
column c, that the actual refractivetipower •of a compound exceeds tliC 
calculated, when the compound is neutral or alkaline, but falls short ,cf it 
when it is acid, which also indicates an elcctro-cheiiical relation to it. 

[The column A specifies the gas, B its refnuitive power determihod by^xperiment, air 
being = 1. C shows the calculated j|;efractive power, deduced fapiR that of the 
component gases. D the density compared with aifr. E the quotient of the 
refractive power divided by the density.] 


A 

B 

^ C 

D 

E 

Air . . ^ . 

1*000 


1*000 


Oxygen ..... 

0*924 


1*103 

0*83 

Hydrogen . . • . t 

0*470 


0*068 

6*89 

Steain ..... 

1*000 

0*933 

0*625 

1*60 

Carbonic oxide 

1*157 


0*972 

1*19 

Carbonic acid .... 

1*526 

1*619 

1*524 

1*00 

Olefiant gas .... 

2*302 


0*980 

2*35 

Carburetted hydrogen . . 

1*504 


0*559 

2*69 

Sulphuretted drogeii . 

2*187 


1*178 

1*85 

Sulpliuroub acid 

2*260 

* 

2*247 

1*01 

Sulphuret of carbon vapour . 

5179 


2*644 

1*96 

Chlorine 

2*623 


2*470 

^1*07 

Muriatic acid gas . 

1*527 

1*647 

1*254 

1*22 

Phosgene gas .... 

3*936 

3*76t 

3*442 

1*14 

Nitrogen .... 

1*020 


0*976 

1*04 

Nitrous oxide .... 

1*710 

1*482 

1*527 

1*12 

Nitric oxide 

1*030 

0*972 

1*039 

0*99 

Ammonia 

1*309 

1*216 

0*591 

2*22 

Cyanogen .... 

2*832 


1*818" 

l't55 

Hydrocyanic vapour , 

1*531 

1*651 

0*944 

1*62 

Alcohol vapour . *. 

2*220 


1*613 

1*37 

Ether vapour .... 

5*280 

3*8^ 

2*580 

2*05 

Muriatic ether vapour . 

. 3*720 

2*234 

I'^7 


The following are the refractive powers of several gaseous bodies, 
from the experiments of Biot and. virago, at the temperature of 32 F., 
and under mean barometric^ pressure, corresponding to column E of the 
preceding table. ^ 

Atmospheric air . . I'GOOOO Ammonia • • • 2*16851 

Oxygen ; O'WICI Carbonic acid . . 1*00476 

Nitrogen .... 1*03408 Carburetted hydrogen . 2*09270 

Hydrogen , . ‘ 6*61436 Muriatic acid gas. . 1*19625 * 

Dr. Wollastdh invented ru apparatus in wliich, by means of a rect- 
angular prism of fiinl-glass, the index of refractiomof substances may be 
read off at once by a vernier, the three sides of a moveable triangle per- 
forming the operanon of reduction in a very compendiolto .mnpner^ As' 
the chemical constitution of bodies may in many; instances w infeiyed 
from their refractive power, Df. Wollaston has suggested tlie a'pplicatiou 
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•of such an inslmmcnt for dheovering the purity of essential 9 ils: in oil 
of cloves, for instance, he found a wide difference in refractive power, 
that of the genuine oil being as high as 1*535, while other s^ples did 
not exceed 1*498, and were probably adulterated. {PhiL Trans. 1802.) 
In thus employing this^ instrument, however, it must be recollected that 
the refractive power of the same oil distilled at different times vrill vary, 
‘^this, at least, I have found to be rile case with oil of peppermint. 

R]^L£ction of Light. — When the rays of light arrive at the surfaces 
of bodies, a part of them, and sometimes nearly the whole, is thrown back, 
or reflected^ and the more obliquely the light falls upon the surface, the 
greater in general is the reflected portion. In these cases the angle of 

75 ^ reflection is always equal to the angle of 

incidence. Suppose a ray of light to 
impinge perpendiailarly upon the sur- 
face of a mirfbr, as at r ot, but one ray 
is seen, for the ray of incidence and 
that of -reflection are both m the same 
line, though in opposite directions, and 
they are confounded together. The ray 
therefore which appears single, is, in fact, double, being composed of the 
incident ray proceeding to the mirror, and the reflected ray returning 
from it. Theso rays may, however, be separated by so holding the 
mirror that the incident ray, am, shall fall Mtquely upon it, in which 
case the reflected ray, m5, is thrown off in the opposite direction. If a 
line be drawn from the point of incidence, perpendicular to the mirror 
(as the line mr), it divides tlie angle of incidence from the angle of 
reflection, and both are seen to be equal. 

§ 13. — Double Refraction and Polarisation op Light. 

In all cases of the ordinary refraction of light, the ray by which we see 
an object through a refracting medium, although it is bent, yet, in pur- 
suing its course to the eye, it does not quit a plane perpendicular to the 
refracting fiurface : the plane in which the eyft, the object, and the point 
on the surface of the medium in which the object is seen sure contained, 
is an upright, or vertical plane. (See Herschel's Discourse^ p. 30.) 
But there 'are certain crystalline substances, as rock-crystal, &c., but 
especially Iceland spar, which possess the remarkable property of doubling 
the image, seen through them in certain directions; so that, instead of 
seeing one, we see two, side by side, when such a crystal is opposed 
between the object and the eye; and if a ray, or small sunbeam, be 
thrown upon a surface of this substance, it will, on traversing it, be split 
into two, making an angle with each other, and each pursuing its own 
separate course. 

Having obtained a rhomb of Iceland spar, fit for these experiments, 
place it, as shown in fig. 76*, above a sharp line, and look through it with 
the eye about r. The line will appear doubled, like mnpq. So also a 
dot will be doubled, as eo. If we cause a ray or penciL of light, R, r, to 
fall upon' the suriace of the rhomb, it will be separated into two rays 

• See lAbfmy of Utrful Knowledge, on the double refraction and polarisation 
of light. 
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or pencil^ ro, re^ each of which will emerge from the rhomb at o and 
e, in the directions ocf and 

parr^lel to nr. The 
ray nr, therefore, has suf- 

and as the very same phe- 
nomena will t^e place by 
making the ray nr fall at 
the same incidence and in 
the same direction, rela- 
tive to the summit a, upon 
any point of the faces, it 
is manifest that the double 
refraction cannot arise from any difference of density in different parts 
of the rhomb. 

Of the doubly-refracted rays, one always appears to follow the 
same rule as if the substance were glass or water, and retains the plane 
perpendicular to the refracting surface : the other ray, on the contrary, 
which is therefore said to have undergone extraordinary refraction^ does 
quit that plane, and its deviation becomes subject to a new law. It has, 
however, been demonstrated by Fresnel, that in the greater number of 
instances of double refraction by crystalline bodies, neither of the images 
follows the ordinary law, but both undergo a deviation from their original 
plane, and acquire new properties, and this is the case with respect to 
Iceland crystal, as we shall presently find ; I shall, however, continue 
the terms ordinary and extraordinary ray^ for convenience sake. 

Some remarkable effects accompanying double refraction, led Newton 
to conceive the singular idea, that a ray of light, after emerging from the 
crystal, acquires sides ; that is, distinct relations to surrounding space, 
which it carries with it through its whole subsequent course, and which 
give rise to all those ’ complicated and curious phenomena which are now 
known under the term polarisation of light. This idea, however, ap- 
peared so extraordinary, and as Sir J. Herschel remarks, offered so little 
handle for further inquiry, that the subject dropped, till Malus, in 1810, 
announced the great discoveiy of the polarisation of light by ordinary 
refection^ at the surface of a transparent body. He found that when a 
beam of light is refected from the surface of such a body, at a certain 
angle^ it acquires ihe same singular property which is impressed upon it 
in the act of double refraction, and the phenomena of polarisation are in 
this way more conveniently exhibited*. 

In general, when a ray of light is reflected from a pane of plate-glass, 
or other polished surface, it may be reflected a. second time from another 
surface; it will also pass freely through transparent bodies: but if a ray 
of light be reflected from a pane of plate-glass, at an angle of 57% it is 
rendered incapable of reflection at the surface of another pane of glass, in 
certain definite positions, but is reflected by it in other positions: it also 

* The following details connected with | Somerville's Connemoft qf the Phpsiedl 
this subject, I have abridged from Mrs. | SHenees, Section xxii. 

N 2 


fered double refraction in 
passing through the rhomb : 
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loses the power of passing through some transparent bodies ,in certain 
positions, whilst in others it is freely transmitted by them. 

If a prismatic crystal of transparent brown tourmaline^ be^ cut longi- 
tudinally (that is parallel to the axis of the prism) into plates about the 
thirtieth of an inch thick, and the surfaces polished, luminous objects 
may be viewed through them. If one of these plates be held perpendicu- 
fjarly between the eye and a candle, and turned slowly round in its own 
plane, no change will take place in the image of the candle; but, if the 
plate be held in a fixed position, with its axis or longitudinal section ver- 
tical, when a second plate is interposed between it and the eye, parallel 
to the first, and turned slowly round in its own plane, a remarkable change 
is observed in the nature of the light, for the image of the candle vanishes 
and reappears alternately at every quarter of a revolution of the plate, 
varying through all degrees of brightness, down to total, or almost total 
evanescence, and then increasing again as it had before decreased. These 
appearances depend upon the relative position of the plates: when their 
longitudinal sections are parallel, the brightness of the image is at its 
maximum, and when they cross at right angles it vanishes. Thus, the 
light in passing through the first plate of tourmaline, has acquired a pro- 
perty totally different from the direct light of the candle: the direct ray 
would have penetrated the second plate in all directions, whereas the 
refracted or polarised ray penetrates it in certain positions only, and in 
others is wholly obstructed. The plate of tourmalin therefore becomes, 
when applied as above directed, a test of the polarisation of the ray. If 
we now look at the two images produced by the Iceland spar, through a 
plate of tourmalin, it >vill be found, that as the tourmalin revolves, the 
images vary in their relative brightness; one increases in intensity till it 
arrives at a maximum, whilst the other diminishes till it vanishes, and so 
on alternately at each quarter of a revolution, shomng that both of the 
images are polarised in opposite directions, for in one position the tour- 
maline transmits the ordinary ray, and reflects the extraordinary ; and 
after revolving 90°, the extraordinary ray is transmitted, and the ordinary 
ray is reflected. 

If a pane of plate-glass, with its lower side blackened, or lying upon a 
piece of black cloth, be placed on a table, and a candle near it, tlie rays 
of which fall upon the glass at an angle of 57°, it will be found that they 
are reflected from the surface in a polarised state, for, on viewing the 
linage through the revolving slice of tourmaline, it will disappear at every 
quarter of a revolution. It is also found that this polarised ray is inca- 
pable of being reflected a second time from another plate of glass, placed 
at the same angle. If, for instance, the second plate be so placed as to 
make an angle of 57° with the reflected ray, the image of the first pane 
will be reflected in its surface, and alternately illuminated or obscured at 
every quarter of a revolution of the second plate, according as its plane 
of reflection is parallel or perpendicular to the plane of polarisation. 
Hence, polarised light is shown to be incapable of reflection in a plane at 
right angles to the plane of polarisation. These, and some other curious 
phenomena of polarised light are easily shown by the following arrange- 
ment of apparatus. Let two plates of glass, blacked on the back, ac, be 
arranged as in the following diagram, fig. 77? so that the rays from a 
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candle at,R, felting upon the first or polarising plate, a, at its angle of 
polarisation, may not be reflected by the second or analysing plate, c. 
This adji^tment may be made by looking into c in the direction of fc, 



and finding the image of the candle wanting; then take a thin film of 
mica, or sulphate of lime, defq, and place it between the two plates, 
perpendicular to the polarised ray. It will then be found, on turning this 
plate upon its axis, that the image of the candle disappears, and reappears 
at each quarter of a revolution; or, in other words, that in certain posi-i 
tioiis it depolarises the ray. Common glass is generally incapable of 
effecting this depolarisation, but it acquires the depolarising power when 
submitted to pressure, or heated, or when it has been heated and very sud- 
denly cooled; the influence of its particles upon those of light becoming 
then analogous to crystallized bodies. If we now view the polarised 
image through a plate of tourmaline, with the interposed plate of mica, a 
succession of beautiful colours mil appear in certain positions of the 
mica, depending upon the thickness of the plate ; these colours succeed 
each other in definite order, and are complementary to each other. 

In the preceding details, my object has been merely to explain the 
meaning of the term polarisation^ as applied to certain properties of light; 
those who would pursue the inquiry will find it amply treated of in the 
communications of Sir David Brewster to the Royal Society {PhiL Trans, 
1813, &c.), and in various treatises to which references are given in the 
authorities which I have had occasion to quote, I must also refer to the 
same sources, for the discussions to which the investigations connected 
with the subject have given rise, respecting the nature of light; they are 
extremely curious and important, especially as illustrative of the appli- 
cations of the undulatory theory, 

§ 14. — Decomposition of Ligut. 

That a sun-beam, in passing through certain dense media, gives rise to a 
series of brilliant tints, similar to those of the rainbow, 'ivas knoun in the 
earliest ages, but it required the sagacity of Newton to explain the phe- 
nomenon. He admitted a ray of light, b, fig. 78, through a hole in the 
window-shutter, w, of a dark room, and caused it to fall upon a glass 
prism, p, by which it was refracted, and resolved into seven colours, which 
formed an oblong image or spectmm upon the white screen, s, in the order 
represented, namely, red, orange, yellow, green, blue, indigo, and violet. 
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Had the ray proceeded 
straight onwards it would 
have formed a luminous 
spot at X, it is, therefore, 
seen that of these co- 
loured rays, the violet have 
undergone the greatest 
refraction, and the red 
the least, and that they 
are arranged in the order 
of their rtfrangibility. 
Newton submitted each 
of these rays to repeated refractions, but found that they were not resolvable 
into simpler colours; but, on causing them to pass through a second prism 
in an inverted position a, or by collecting them into one focus by means 
of a lens, they were reunited and again produced white light; whence he 
inferred white light to consist of these seven simple or primitive colours. 
With the prism which he used, (of flint glass,) the respective lengths of 
the colours (dividing the spectrum into 360 parts) were as follows:— 
red 45, orange 27, yellow green 60, blue 60, indigo 48, violet 80. 
These spaces, however, cannot be very accurately defined, as the colours 
imperceptibly shade into each other: they also vary with prisms of dif- 
ferent substances. The composition of white light by the union of the 
above colours, is also shown by mixing seven different powders, having 
the colours and proportions mentioned; or more readily, by painting the 
rim of a wheel with the seven colours, which, when in very rapid motion, 
appears white, or nearly so. 

The colours of bodies were referred by Newton to their relative 
absorbent and reflective powers, in respect to 'these rays; he supposed 
black surfaces to absorb, and while to reflect them all, and that other 
colours are produced by the absorption of all the rays except those of the 
observed colour; which are presumed to be reflected. And in respect to 
transparent media, those which are colourless suffer the light to pass un- 
changed, while those which are coloured, transmit some rays, and absorb 
others. The absorption of coloured rays, therefore, by certain media, 
furnishes another means of analyzing light, and from experiments con- 
ducted in this way Sir David Brewster has been led to conclude that the 
only colours of the spectrum which can properly be called simple^ are the 
red, yellow, and blue; that they are concentrated in those parts of the 
spectrum where each appears, but that they are also spread more or less 
over the whole, and that the orange results from a mixture of red and 
yellow; the green, from a mixture of yellow and blue; and the violet and 
indigo from red and blue, with a trace of yellow. 

The length of the spectrum depends upon the nature of the prism or 
refracting medium; thus, if obtained by a hollow prism of glass, filled 
with oil of cassia, it is much longer than when glass only is used; hence 
the oil of cassia is said to disperse the rays more than glass, or'to have a 
greater dispersive power. In such cases, also, the coloured spaces bear 
a veiy different ratio to each other. 

It appears from the experiments of Sir W. Herschel, (Phil Trans,^ 
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18 o 6 ,) that the greatest illuminating power of the spectrum is in the 
brightest yellow, and that it decreases towards either extremity, the blue 
and red being nearly equal, and the yiolet inferior to both. 

A curious fact respecting the prismatic spectrum, when very perfect, and 
the sunbeam small, was discovered by Professor Frauenhofer, of Munich; 
he observed it to be irregularly subdivided by a number of black lines ; they 
are so narrow as to escape observation without great care; they are seeq 
when the spectrum is received upon the object-glass of a telescope, or by 
viewing a narrow slit between two nearly closed shutters, through a very 
perfect prism, held close to the eye, with its refracting angle parallel to 
the line of light. They are always found in the same parts of the spec- 
trum, of the same breadths and intensities. They are very numerous, 
amounting to some hundreds; from these, Frauenhofer selected seven, and 
determined their distances so accurately, that they form invariable points 
of reference for measuring the refractive powers of different media. They 
are also seen in the light of the stars, in electric light, and in the flame of 
combustible substances, though in each case differently arranged, each 
having a system of them peculiar to itself, and remaining the same under 
all circumstances. 

§ 15. — Chemical Effects op the Solar Bays. 

The object of the preceding sections has been to give an outline of the 
principal physical properties of light, or at least of such of them as have 
bearings upon chemistry. We may now proceed to the consideration of 
some other phenomena connected with, or dependent upon, the solar rays. 

No one can have failed to observe the differences between vegetables 
thriving in the full enjoyment of solar light, and those which grow in 
obscure situations, or wldch are entirely deprived of its agency. The 
former are of brilliant tints, the latter dingy and white; in the one, the 
various secretions come to perfection; in the other they are either modified 
or disappear. Of this, numerous familiar instances might be cited, espe- 
cially among our esculent vegetables. The shoots of a potato produced in 
a dark cellar are white, straggling, and differently formed from those 
which the plant exhibits under its usual circumstances of growth. Celery 
is cultivated for the table by carefully excluding the ii^uence of light 
upon its stem : this js eflected by heaping the soil upon it so as entirely 
to screen it from the solar rays; but if sv^ered to grow in the ordinary 
way, it soon alters its aspect, throws out abundant shoots and leaves, and 
instead of remaining white and of little taste, acquires a deep green 
colour, and a peculiarly bitter and nauseous flavour. The interior, or 
heart of endive is not eatable, unless protected from light ;» if exposed to 
it, it becomes disagreeably bitter and tough. The heart of the common 
cabbage is another illustration. The rosy and coloured aspects of the side 
of fruits exposed to the sun are referable to the same cause. Chai^^es 
yet more remarkable have been observed in plants vegetating entirely out 
of the access of light. In visiting a coal-mine, Professor Bobinsem found 
a plant with a large white foliage, the form and appearance of which were 
quite new to him: it was left at the mouth of the pit, when the subter- 
ranean leaves died away, and common tansy sprung up fix>m the root. 
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In the animal cre^Um the influence of light is equally evident. It is 
curious to remark the dull and dingy tints of polar and subterranean 
animals, as contrasted with the gaudy and brighter colours of those which 
inhabit the tropical regions of the globe, and enjoy the full sunshine. In 
the human species, too, a due quantity of light is requisite to health: 
miners are generally pallid and unhealthy ; and the inhabitants of the 
dark alleys and courts of London indicate a similar want of its beneficial 
influence ; though in these cases bad air and poor diet also contribute to 
want of health. 

In reference to the above and other effects of light upon plants 
there can be little doubt that they chiefly depend upon its power of 
modifying the chemical changes, which are constantly carrying on in the 
vegetable kingdom; but the common operations of the laboratory furnish 
us also with some striking illustrations of the influence of light in promoting 
the chemical 'agencies of bodies. 

Hydrogen and chlorine are t%vo gases, which, when mixed and 
kept in the dark, are nearly without action: but if exposed to the light 
of day, they soon act upon each other, and unite to form muriatic acid; 
and if the sun shines directly upon the bottle containing them, it not 
unfrequently happens that they inflame and explode in consequence of 
the energy imparted to their attraction by the solar rays. We have an 
analogous instance in chlorine and carbonic oxide gas^ which, when mixed 
together, remain without action till exposed to light; they then combine 
chemically with diminution of volume, and produce a compound, which, 
from the mode of forming it, has been termed phosgene gas. In the 
same way also, chlorine and water react rapidly upon each other in the 
sunshine, forming muriatic acid and evolving oxygen. 

Some of the salts of gold and of silver are remarkably susceptible tests 
of the chemical agency of light: the nitrate of stiver may be selected by 
way of illustration. If a piece of paper be dipped into a solution of this 
salt, and kept in the dark, it suffers no apparent change ; but if exposed 
to light, it soon becomes purple, brown, and black: changes of colour 
depending upon a chemical change suffered by the salt. A pretty expe- 
riment, showing the action of light upon nitrate of silver, was devised by 
Mr. Wedgwood: a piece of paper, or other convenient material, was 
stretched upon a frame and sponged over with a solution of the salt; it 
was then placed behind a painting upon glass ; and the light, traversing 
the painting, produced a kind of copy of it upon the prepared paper; those 
parts in which the rays were least intercepted being of the darkest hues. 
Moistened chloride cf Mver is another compound, also vety sensitive to 
the chemical agency of light: so is the chloride of gold. 

Scheele was the first to whom the ingenious idea occurred of ascer- 
taining whether all the^rays possessed similar chemical |||Nvers, or whether 
they belonged more exclusively to one colour than to another; and he 
found, upon refracting a beam by the prism into its primaiy colours, and 
throwing them upon a piece of paper prepared with nitrate of silver, that 
the greatest blackening eflect was produced by the vio/e/ ray, and that the 
decomposing or chemical powers of the prismatic spectrum^ gradually 
decreed towards the red ray, where scarcely any effect was produced. 
This result was quite contrary to expectation; for one would, of course, 
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have anticipated the greatest effect in the most luminous part of the 
spectrum. 

It was afterwards discovered by Wollaston and Ritter, (PAiZ. Trans,^ 
1802, and rhilos. Journal^ iv. and viii.,) that certain invisible occu- 
pying a place in the spectmm just beyond the violet extremity, possessed 
a greater power of effecting the above and other chemical changes, than 
the violet rays themselves; and it has, consequently, been inferred that 
such distinct rays emanate from the sun, possessed, as their place in* the 
spectrum shows, of great refrangibility; and that the coloured rays (and 
their mixture, constituting white light,) derive their chemical powers &om 
the admixture of these highly refrangible and chemically acting rays, 
which are most abundant at the blue end of the spectrum, and gradually 
decrease towards the red or least refrangible rays. Thus, it was found 
that the greatest blackening effect upon the salt of silver was produced 
just beyond, and out of the violet ray; the other peculiar chemical effects 
to which we are now adverting were also most manifest in the same spot. 
It must, however, be observed, that the place occupied by these rays in 
the spectrum depends, in some measure, upon the nature of the medium 
by which the light is refracted. 

Berard found, that in the focus obtained by concentrating the rays of 
one-half of the spectrum (the red end), chloride of silver was not 
blackened, though the light was very brilliant ; but that, in the darker 
focus from the violet half, it was immediately discoloured. Seebeck, by 
exposing chloride of silver to the red ray, found that it gradually ac- 
quired a pale rose-colour; and that the rays coloured by transmission 
tlirough coloured glasses, produced the same general ejects as the dif- 
ferently coloured rays of the spectrum. He also found that a piece of 
paper, dipped in a neutral, and not too-concentrated solution of gold 
(which is reduced by light,) underwent no change when preserved in the 
dark, provided it had not been previously exposed to light; but that, if 
exposed for a short time to the sun s rays, though not at the moment 
discoloured, and then kept in a dark place, it gradually became purple, 
and the gold was reduced. Ritter and Davy , have assumed that the 
opposite ends of the spectrum possess opposed chemical powers, some- 
tliing like the opposed electrical poles, but of this >ve have, as yet at least, 
no satisfactory experimental evidence; it is true that Wollaston found a 
piece of paper stained yellow with tincture of guaiacum, to become green 
in the violet ray, and again yellow in the red; but he afterwards found 
that the mere heat of the red ray produced the effect ; and many vegetable 
colours are as effectually bleached by heat as by light. 

Many years ago, Morichini thought that he had communicated mag-> 
netism to steel-wires, by eiq»osing them to the rays of violet light. So 
curious a result att^fmted much notice, and his experiments were repeated 
by several eminent ^ilosophers with very various success : it was generally, 
however, presumed that he was mistaken in his conclusions, and tli^t the] 
needles h^ acquired magnetism from some other sources. The subject 
was iffterwards resumed by Mrs. Somerville, (PAt7. Trans.^ 1826,) WhOj; 
from a series of apparently well-conducted experiments, arrived at the 
same conclusion as Morichini. It must, however, be confessed, that the^ 
are many difficulties in the way of attaining perfeedy unexceptionable. 
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results in these experiments; and whether magnetism is, or is not, 
producible by the sole influence of light, is a question not definitively 
settled, unless, indeed, the experiments of Messrs. Biess and Moser 
(Edin. Journ^ qf Science^ IL, 225,) he considered conclusive in dis> 
proving it. 

§ 16. — Op Badiant Matter as a Source op Heat. 

Different parts the prismatic spectrum have different heating 
powers . — If wc cause the spectrum to fall upon a sheet of paper, and 
gradually pass the hand through it, from the violet to the red end, we 
shall perceive the latter to he sensibly warmer than the former; and, on 
applying a delicate thermometer in the differently coloured rays, it will 
will be found scarcely affected by the blue; in the green it rises; and in 
the red, shows an increase of several degrees of temperature. Assuming 
the heating power of the violet rays = 1 6°, that of the green is = 26®, 
and of the red =s -65®*. 

The observation of this fact suggested to Sir W. Herschel the possi- 
bility of the heating power of the spectrum extending beyond the red 
ray, and, on applying a thermometer just out of the red ray, and beyond 
the limits of the visible spectrum, this was found to be the case. A 
thermometer in the red ray rose seven degrees in ten minutes, but just 
beyond the red ray, the rise in the same time was nine degrees. {Phil. 
Trans.^ 1800) t. 

In these, as in the former experiments, the effects^ are modified by 
the nature of the prism used to refract the light: when it is of flint 
glass the phenomena are as above described; but, with crown-glass, 
water, and other refracting media, the position of the heating or calorific 
rays varies. 

It appears, then, that the radiant matter of the sun is resolvable, by 
refraction, into three distinct sets of rays ; those producing colour; those 
which effect certain chemical changes; and those which excite heat; the 
chemically acting rays are the most refrangible, the calorific rays the least 
so, and the colorific rays, or those producing light and colour, possess a 
mean degree of refrimgibility. All these rays are susceptible of refraction 
and reflection, as is proved by their concentration into a focus by a concave 
mirror, or a lens; in which case, in consequence of their different refran- 
gibilities, the heating and chemically acting focus is probably not identical 
with the luminous focus. 

§ 17. — ^Terrestrial Radiation, and the Influence of various Surfaces 
UPON the Reception and Emission of Radiant Matter. 

We Use the term terrestrial radiation^ to designate the heat and light 
thrown off by terrestrial bodies under certain circumstances, espe- 
cially at high temperatures, ^ when they are red-hot, or burning; that 
is, in a state of ignition^ incandescence^ or combustion. We also well 
know that terrestrial heat radiates from bodies at temperatures far below 

* Hence the idea of the different- *|| See also the repetition of these ex- 
oolonred rays, consisting of light in com- periments by Sir Hi Englefield, and by 
bination with different proportions of M. Berard. (Thomson*s Annais, IL 
heat. 
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those required for ignition. If, for instance, 1 fill a jug with hot water, 

I feel heat emanating ftom it to my hand when held near it. All these 
subjects m^y be discussed under the head of terrestrial radiant matter. 

The rays which emanate from heated bodies, whether attended or 
unattended by light, may b*e reflected in the same way as the solar rays, 
and the phenomena connected with this kind of radiation are, in many 
respects, extremely curious and important : they are also susceptible of, 
many economical applications, for in this country it is to radiant heat 
that we are chiefly indebted for the warmth and comforts of our apart 
ments in winter; the construction of our grates, and fire-places in general, 
being such as to carry away the whole current of the heated air by the 
chimney, and prodigally waste it in the atmosphere; they consequently 
produce their warming eflects, . by the heat which emanates from the 
burning fuel and heated surfaces, and is projected or radiated upon the 
surrounding bodies in the room. 

Several important facts upon the subject of the radiation of heat were 
established many years ago by Scheele (in his treatise on air and Jire^ 
originally published in 1777)* He observed, that radiant heat passes 
through sur without communicating heat to that medium, and that it is 
not intercepted by currents in the atmosphere. He then proceeded to 
ascertain how far it coincided with solar heat, in passing through glass; 
and found that, although the light of a fire or of a candle passed through it, 
their heat was arrested, or stopped in its progress. It was thus thought 
that a decided difierence was establidied between solar and terrestrial 
heat; but we shall find that, in reference to this experiment, it is rather 
apparent than real, and due to the small quantity, or intensity of the 
latter, as compared with the former. He also found that, when a glass 
mirror is held before the fire, the light only is reflected, while the heat is 
absorbed, and the mirror itself becomes hot; but when for glass we 
substitute a mirror of polished metal^ then, both the heat and the light are 
reflected, and the metd itself not heated: if, however, the surface of the 
metal be covered with some other substance, if it be smoked, for instance, 
by holding it over a burning candle, then the surface absorbs the rays of 
heat, and the mirror of metal, like that of glass, becomes itself hot. 

These observations of Scheele led Leslie and others into the same 
path of inquiry, and we have, upon the whole, a very satisfactoiy series 
of experiments upon the subject, of which the following is an outline, as 
far as the principtd facts are concerned:-— 

That heat radiates from bodies in right lines^ and is susceptible of 
reflection^ is shown by placing two polished concave mirrors, made of 
planished tin, or, what is better, of plated copper, exactly opposite to 
each other, and about ten feet asunder. For experiments upon a large 
scale, the mirrors should be at least of two feet diameter, but common tin 
mirrors or reflectors of one foot are sufficient for all common illustrations. 
A heated body, such, for instance, as an iron-ball, or a flask of boiling 
water, is placed in the focus of one mimr, and an air-thermometer in 
that of the other*. The rays of heat then impinge on the one mixrof^, 

* The foci of the mirrors are best found I heating focus oorreq;Kmding with the 
by the help of a lighted candle, the | luminous one ; and in these experiments 
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and are consistently with the property of cou<jave mirrors, in 

parallel lines, so as to fall upon the opposed mirror, whence they con- 
Terge to its focus, in which is the thermometer, and which^ is affected 
proportionately to the heat of the original radiating body. 

Let A, fig. 79, repre- 
sent the first lAirror; b 
the second ; evthe heated 
sphere or flask, and D 
the air - thermometer : 
the dotted lines show 
the direction of the ca- 
lorific rays. 

To prove that the 
thermometer is not af- 
fected by the mere proximity of the heated body, independently of any 
actual reflection, let a sheet of pasteboard be held between the mirror n 
and the thermometer; the latter will immediately indicate the absence of 
the quantity of heat it before received, notwithstanding the source is as 
near to the bulb as it was before. If we even carry the ball a little out 
of the focus of the mirror a, by advancing it gently towards the thermo- 
meter, a diminution of heat will be perceived in the latter, in consequence 
of the disturbance of the most favourable arrangement for reflection. 
Indeed, the distance between the heated ball and the air-thermometer is 
such, that, notwithstanding the delicacy of the latter instmment, it would 
not be affected, as may again be shown by removing one or both of the 
mirrors, and leaving the ball and thermometer in their same relative 
positions. 

Radiation goes on from surfaces in all 
elastic media, and in vacuo, and is no way 
connected with aerial pulsations. By iguit< 
ing points of charcoal by the voltaic battery 
in the focus of a . small mirror confined in 
the exhausted receiver of the air-pump, Sir 
H. Davy found, that the receiver being ex- 
hausted to the effect upon the thermo- 
meter in the opposite focus was nearly three 
times as great as when the air was in its 
natural state of condensation, a, fig. 80, is 
the receiver, hb the insulated wires connected 
with the voltaic apparatus igniting the char-, 
coal in the focus of the upper mirror c. In 
the focus of the lower mirror d is the ther- 
mometer e. 

If, for^ the hot bullet, or flame of a 
candle, or llask of boiling water, we substi- 
tute some more copious source of heat, the 
effects will be proportionately great. If we, 

the d^^eniiai th&mcmeter above de- [ neral changes in the temperature of 
smM IS most satirfactorily employed, the room in which the* experiments are 
for it 18 not affected by currents or go- f made. 
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for instance, place a wire-basket full of burning charcoal in one focus, 
and a piece of phosphorus in the other, the latter will be immediately 
inflamed : yi the same way fulminating silver may be detonated, and even 
gunpowder kindled. And for such experiments we may adopt Sir H. 
Davy s plan of placing the mirrors vertically, as shown in fig. 81 ; the 
little chafing-dish is in the focus of the upper mirror, so that all the heat 
that reaches the lower mirror, and is concentrated in its focus, must ^ 
be radiant and reflected, for the current of heated air will pass upwards 
and be lost. 

If we substitute a cold 
body for the heated one, 
a lump of ice, for instance, 
sprinkled over with salt, 
or a thin glass flask, con- 
taining a mixture of snow 
and salt, wc shall then 
observe the thermometer 
in the opposite focus to be 
affected by cold; and this 
experiment has some- 
times been adduced to 
prove that cold is a dis- 
tinct form of matter. It 
does, however, seem evi- 
dent, that highly attenu- 
ated emanations are at all 
times passing off from 
the surfaces of all bodies, 
under the form, and pro- 
ducing the effects of, 
radiant matter, the tem- 
perature excited by which 
depends upon that of the 
emanating body : hot 
bodies radiate lioat: wc 
perceive no effect from 
bodies at common tem- 
peratures, because their 
radiant matter is of the 
same temperature as that of the thermometer or substance upon which 
they fall : cold bodies, on the contrary, throw off cold radiant matter, 
and hence their effect upon the thermometer. That this radiation of cold 
actually ensues, is more simply shown by placing a plate of snow or 
bruised ice near the face, when an effect of cold is immediately perceived, 
and may be intercepted by a sheet of paper or other screen. It must, 
indeed, be obvious, that temperature is merely a relative term: we 
may, for instance, suppose ourselves in a temperature so high, that red- 
hot iron would radiate cold ; or, again, in a temperature so low, that ice 
would radiate heat. 
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St H. Davy obserres^ in reference to this subject, which he calls the 
apparent radiation of cold, that if it be suppos^ that rays capable of 
pr^ucing heat emanate firom all terrestrial bodies, but in quantities 
greater in some increasing proportion as their temperatures are highest, 
&en the introduction of a cold body into the focus of one mirror, ought 
to diminish the temperature of a thermometer in the focus of the other, 
in the same manner as a black body placed in one focus would diminish 
the quantity of light in the other focus ; and the eye is to the rays pro- 
ducing light, a measure similar to that which the thermometer is to rays 
producing heat.** {Elements^ p. 206.) Dr. Turner observes, that “ the 
thermometer has its temperature lowered because it emits more rays 
than it receives, and it rises when the ice is removed because it then 
receives a number of calorific rays, radiated by the warmer surrounding 
objects which were interrupted by the ice whilst it was in the focus.** 
Other explanations have been given of the radiation of cold, but none will 
be deemed satisfactory, till we are better acquainted with the nature and 
more recondite properties of radiant matter. 

Influence of different surfaces upon the reception and emission 
OF RADIANT HEAT. — It has been stated, that if a polished metallic mirror, 
of a concave or parabolic form, be held opposite the fire, it mil give "a 
heating focus, but that the mirror itself is long before it becomes sensibly 
warm; that is, the heat which impinges upon it, is immediately throum 
off or reflected. If we now cover the surface of the mirror with any soft, 
unmetalUc coating, or if we merely roughen it by scratching the surface 
with scouring-paper, and then hold it towards the fire, a very different 
effect will ensue, and we shall .now find that the greater part of the 
radiant heat, instead of being thrown off, is absorbed by the surface, and 
very soon heats the mirror considerably. A thin paste made with chalk 
or lampblack and diluted glue or gumwater, answers very well for the 
above purpose. 

Here, then, the receptive powers of surfaces, in regard to radiant 
matter, are shown materially to depend upon their nature or mechanical 
texture. In further illustration of this subject, a simple experiment may 
be made with the differential air-thermometer : let one of the glass bulbs, 
for instance, be nicely covered with a bright coating of gold-loaf, and 
leave the other in its usual state: place the instrument thus prepared 
upon a table, and bring a hot poker near it, taking care, however, that it 
is equally distant from both bulbs, or, if anything, rather nearer the 
meti^c than the glass surface. Under these circumstances it will be 
found, that by far the greatest effect of heat is produced upon the glass 
ball, from wUch the fluid in the tube immediately recedes, notwith- 
standing heat is equally applied to the gilt ball ; the latter, however, refuses 
to absorb it, while the former imbibes it, and has its temperature pro- 
portionately augmented. If, instead of leaving the ball clean, it be 
covered with a thin coat of whitewash, or of lampblack, its receptive 
power will be still greater. 

Although the texture of the sur&ce is shown to be materially con- 
cerned in these results, it does hot appear that cohur in the least inter- 
feres; black-wash and white-wash are equally receptive of terrestrial 
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radiant heat; nor does it appear to be absorbed in larger proportion by 
any one colour than by another*. 

With regard to solar radiant heat, however, the case is different, 
and, as common experience 'teaches, black surfaces absorb it much more 
greedily than white, and the temperature produced appears to he propw^ 
tionate to the intensity of colour If pieces of cloth of different colours 
be exposed to the sunshine upon the surface of snow, the dark colours • 
will sink into it, in consequence of the heat which they produce ; the 
lighter colours scarcely effect the thawing of any portion; and white 
remains inactive. The difference between a white and a black hat in 
heating the head, and between dark and light-coloured clothing in 
general, is well known to those who are much exposed to the summer’s 
sun. Paint the bulb of one thermometer black, and of another white, 
and expose them to the sunshine ; the former will indicate a higher 
temperature than the latter. A similar but more striking experiment 
may be made with the differential thermometer. Blacken one of the 
bulbs, and leave the other clean and transparent; if the instrument 
thus prepared be exposed to the sunshine, the excess of heat in the 
blackened ball is immediately indicated by the recession of the liquid 
from it to the clean ball. If the thermometer be small and delicate, 
it is susceptible of the mere impression of daylight, which, slightly 
augmenting the temperature of the black ball, depresses the fluid in the 
tube annexed to it. Hence the differential thermometer, thus constructed 
and applied, has been called a photometerX* Another illustration of 
this effect of solar rays, consists in placing a glass tube containing alcohol 
or ether in their focus, when collected by a lens; they traverse the 
transparent medium without heating it; but upon putting a piece of 
black paper into the liquid, or a strip of black wood or metal, it im- 
mediately boils. In this way water may be heated by directing the focus 
of a lens or mirror, exposed to the sun, upon good receptive and opaque 
surfaces immersed in it. 

In many of the above statements there appears to be a manifest 
difference between solar and terrestrial radiant heat ; but this is probably 
rather apparent than real ; in the solar beams, radiant heat and light are 

* Dr.. Stark, in a paper in the Phil, rete mucosum, whereas they blister and 
Trans, (1833), has endeavoured to show scorch the white, 
that colour does interfere in these cases; f Pictet first employed a blackened 
and he gives some curious statements thermometer as a photometer, Leslie 
respecting its influence upon the recep- concluded, from his photometrical ex- 
tion of odours; but I cannot help bus- periments, that the light of the sun pos- 
pecting that the texture and composition sessed 12000 times the intensity of that 
of the materials employed has much to do of a wax-candle, so that a fra^ent of 
with the results; just as white silk is a the sun, of the size of such a flame, 
much better insulator of electricity than would possess the illuminating power of 
black silk ; not on account of colour, but 12000 candles. With the same instru- 
of dye-stuff. ment he determined the relative trans- 

•|- It has hence been assumed, that parcncy of substances: thus he foun^ 
the negro must suffer more from heat that of 100 rays of light, 80 passed 
than the European ; but it has been thn^h dry cambric, 93 through wet 
shown by Sir E. Home {Lectures on cambric, 49 through *thin paper, 80 
Comp, Anatomy), that the sun's rays are through oiled paper, &o. 
absorbed, without ill effect, by the black 



1S2 SOLAR AND TERRESTRIAL RADIATION. 

■ f' 

intimately • mixed, or perhaps combing, and when they fall upon dark 
surfinees they are absorbed together. Tlie quantity of radiant matter, 
too, emanating from the sun, is incomparably great in reference to-aiiy- 
thing which we can produce artificially. The solar beam passes through 
a thin plate of glass without decomposition, and falling upon black sur- 
&ces upon the other side, is absorbed by, and heats them : but terrestrial 
radiant matter, emanating, for instance, from a lamp, or candle, or fire, 
suffers, in such case, a kind of decomposition ; the lig/it passes through 
the glass, but the heat is stopped in its progress ; as if in them the heat 
and light were feebly combined or merely blended ; in the case of the 
sun’s ray the transmitting glass is scarccfy heated ; in the other case, the 
glass becomes hot.. 

" But, 'when it is said that terihstrial heat does not pass through glass, 
and that glass screens are as effectual as opaque ones in keeping from us 
the heat of the fire, the statement is incorrect ; the most intense artificial 
heat and light is probably that produced by charcoal ignited by voltaic; 
electricity, and when a small lens is placed before the brilliant star of 
fire so obtained,' and its focus thrown upon the ball of a delicate air- 
thermometer, an elevation of temperature is always indicated. (Brandc, 
Phil. Trans.^ 1 820.) Mr. Danicll has also shown a similar heating effect 
in the rays from incandescent lime. {Phil. Mag. N. S.^ ii., 50.) 

Numerous other instances might be mentioned, in which the passage 
of common radiant heat through glass is evident : if vre stand, for in- 
stance, upon the outside of a shop-window when a giis-bumer within is 
suddenly turned on or lighted, %ve perceive the instantaneous impulse of 
heat upon the face ; and there is no difficulty in causing radiant heat, 
even of low intensity, to permeate glass and other transparent media in 
very thin layers. It was supposed that in these cases the direct trans- 
mission of the radiant heat was apparent only, and that it, in fact, was 
absorbed by, and heated the glass, w'hich therefore itself became the 
radiating surface ; an objection ingeniously answered, I think, by Prevost, 
who4ransmittcd the heat of a flame through a thin sheet of water, issuing 
from a jet, so that the nature of the medium, as well as its constant 
motion, prevented all possibility of the transfer of the heat by any other 
method than absolute or direct radiation. 

Newton conceived that radiant matter consisted of particles emjinat- 
ing from luminous and heated bodies^ with prodigious velocity; these 
particles he imagined might be of different sizes ; the smallest, constituting 
chemical rays- and violet light, being the most refrangible; the larger 
ones forming red light, and heat, and being the least refrangible. Now, 
it is very possible that the matter emanating from terrestrial bodies may 
be of a yet coarser texture, or constituted by particles so large as to be 
arrested by those transparent media which allow a ready passage to solar 
rays*. 

, • Newton put the query, " Whether off particle into free space; and parti- 
light and common matter are not con- cles moving rapidly in right lines, may, 
vertible into each other ?” And, we in losing their own motion, communicate 
consider sensible heat in bodies to de- a vibratory motion to the particles of 
pend' upon vibrations of Iheir particles, terrestrial bodies. — Davy's Elements^ 
a certain intensity of vibrations may send p. 2 1 &. 



gEtjLDi^^ HBiA'h 

But of teirestrial i^iant he^ through 

differeut tiuuspai^t bodies has received its most impottaut {llustiations 
from tbe^eseaf^hes ^ Meilom, {Ann^de Ck. et Phys.^ liii.) He has 
shown that >6me tsanSparent. substiiliees transmit radiant heat (indepen- 
dent of light) ipuch ^re easily than otbprsj^d such substances he calls 
; ; XQcl^salt is very remarkable in this respect; it allows 
of the fransmissioii of the rays of heat from hot water, and surfaces fhr* 
below inc^andescence, with very little impediment; whereas alum, another 
transparent salt, almost entii^}y intercepts them, and so, to a great extent, 
does glass : but there^ are Certain substances^ which, though opaque or 
nearly so in regard^ to light,<^mit the pas^e of tadiont heat, such as 
brown rock-crystal ; and sulphate of copper, though transparent in respect 
to light, ipay be called opaque in re^^dto heat, for it entirely checks the 
passage of cdorific raysr ^ also iiHrbgard to fluids : chloride of sulphur, 
which is of a deep orange tjpt, is nfOre d&thenndnous than olive or nut- 
oil, and thb^e than^ e^er, alcolml, .or water, the transparency of these 
liquids being in ^he* opposite order. Mellon! also observes, that each ray 
of the solar spectrum follows the same law of, action with of terrei|- 
trial rays having their origin in sources of diflei^nt temperatures ; so 
that the most refrangible rays may be compared tO tfie Heat emanating 
from a focus of intensely high temperature, and the least refrangible 
rays to those emanating from a s<^|rce of low temperature. Thus, if the 
calorific rays, emerging from a prism, be made to pass through a layer 
of water contained between two plates of glass, those that are mixed 
with the vi<det light, pass abundantly, whilst those accompanying the red 
light are almost .intercepted. There are many other new and important 
observations adduced by Mellon!, for which I must refer to his valuable 
Essay, ^ 

Having stated these facts concerning the radiating or ^issive powers 
of surfaces,, we may.|iow turn our attention to their ahsorbthg or recep- 
tive energies, and we shall find, that those bodies which have their 
temperatures most earily raised by the action of rays producing heat, are 
likewise those which are most easily cooled by their own ra<fration ; or 
which, at the same temperature, emit most calorifia rays j in other words, 
the receptive and efnissive powers of surfaces, in regard to radiant hdht, 
are co-existent and coequal. 

From what we have said above, it will appear that, if we place two ■ 
similar metalliq vessels filled with water before the fire, the surface ofione 
of the vessels being clean and polished, and that of the other covered with 
a thin coat of lampblack, the former will receive heat much more slowly 
than the latter: a blackendS saucepan set near a clear fire has its ebntenita ^ 
much sooner heated than a clean and bright one in the same situation 

Let us now rever#' the experiment, and fill the blackenbd 
polished vessel respectively with hot water, and puttin|r a thermomew 
into each, leave them upon a table at a distance from ea^ other, and hot 
near thedre. . We shafi^soon observe that thevthermometef ^ 
rapidly in )he blackened ve^el, which will, in fact, become 
sooner than the oth^. Perhaps a siflipler way of showingT tbii| 
consists In painting , one-hall of the surface joI a convenient ; ^ 

pewter vessel with a mixture ^ lampbl^ and ^m^water, ai^^^^i^ 

o'*'' 
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iMce «iiiekj^m^ ihe oiim^ialtic than from tlie n^tallio^atiifime; for the 
hand moght neev the fomer feels a much gxeater impreseicm of heat 
than when at m equal dismice ^om, the latter. 

If we paste writiiig-paper) linen, or thin woollen cloth, or flannel, 
^pon onahalf or side of a canister, and leare the other side clean, a very 
similar effect will he observed, for those surfaces radiate much more than 
metals; and, accordi^lj, a differential ^ermometer brought near a 
canister so prepared, will ho affected at a much greater distance by the 
covered than by the clean sur&ce^ 

It will be observed, that these effects of radiation are singularly 
opposed to the conduc/tftg powers of the respective surfaces. If we touch 
the clean part of the canister it bums us; but we may place the finger 
with impunity upon the paper 6r flannel, which, though a good radiator^ 
is a comparatively bad conductor of heat. 

This subject }fi further illustrated by the following table of the com- 
parative radiating powers of different substances, drawn up from Leslie's 
experiments:—- ^ 


Lampblack • 
Seahng-wax 
Wnti^papei 
Crown glass . 
China ink 
Red-lead 
Ismglass 
Plumbago 


100 

90 

90 

88 

80 

80 

78 


Tarnished lead 
Clean lead : . 
Polished iron 
Tin plate 
Gold 
Silver 
Copper 




) 


^olished 


45 

IP 

15 


12 


Hence it appears that those surfaces which are not metallic, such as 
soot, paper, glass, &c., are much better radiators of heat than tarmshed 
metals^ lea^ or iron; and that these latter radiate better than the polished 
metals, which consequently stand at the bottom of the It will also 
be recollected that the above numbers represent the receptive as well as 
ihe radiating powers of the respective sur^ces. 

Let us now look at some of the economical applications of these facts 
arising out of the philosophy of radiation. 

Before much was knpum respecting ihe radiating, and consequent 
cooling power of different surfaces, it was always presumed that vessels 
of earth^ware or porcelain were better calculated to retain heat, than 
thode of metal; it was rightly argued, that the latter were by far the best 
conductors of heat, and it was inferred, therefore, that they would lose 
heat to the sarrinmding air more lapi^y than bad conductors. Expe- 
rienced tea-makers, however, contrary to the decision of such philosophers, 
always majiptehied riiat the best tea was made in a bright silver vessel, 
imd Wt bfH^en teapots were of fiur inferior power; the former were said 
to dram muchajbetter than the latter. Ibis opinion we now know is 
omrect^ and the obvious reason for tbe preferencf^u, that the water retains 
its hsflt longer ia tiie metal tbm m the porcelain vessel^ and eonsequ^tly 
extracts die sohihle matter of the tea-leaves more completely. 

^Vessels,*' says Bit B. Dayf* ^ fkat are^intended to retain ffieir heat, 
should be metal^ and Idgidy poHdied; and, independent of elegance 
and deHoacy, there is a reason, obvious from Ae preceding facts, why 
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meMlitt remU fet thi ptopom df the taUe OiwM be .kept es bfight ae . 
poerible. SteaiE or air pipes fer warmuag houses, should be polished in 
those parts where the heat is not required to be commumeated, and 
coTered with some radiatiiig substance, such as lampblack or plumbago, 
in those rooms which are to be heated^ bj them. Culinary implements 
should be blackened, and not polished, on those parts which are to receive 
heat. The heated surfaces of fire-pla^s or stoves should not be metallic,* 
but of stony or earthy materials; and in this case, much more heat will 
be communicated by radiation.* 

It is also obvious, that whenever radiant heat is to bo absorbed, rough, 
unmetallic surfaces should be employed; and these, in the case of solar 
rays, may be blackened, in order to render the heat more intense. Brick- 
walls are excellent absorbers and radiators of heat, and when exposed to 
the sun's rays they become very hot; afterwards, when the sun goes off, 
they again radiate the heat which they had previously received, and which 
caused their excess of temperature over the surrounding bodies. Walls 
against which fruit-trees are planted are sometimes painted black, in order 
to get the highest possible degree of heat during their exposure to the 
sun; but it is not found that the crops of fruit are improved by the plan. 

The way in which we receive heat from our ordinary fire-places will 
now be intelligible, and it will be evident that it is principally by rodta- 
/toif, the hot and dilated air making its escape up the chimney, attended 
by an enormous waste of heat, and consequently also of fuel. The heat 
which radiates from the glowing coab, and from the heated surfaces about 
the grate, is projected into the chamber, traversing the air without heating 
it, and impinging upon the different bodies around, is received by them 
with different degrees of froility, dependent upon the nature of their 
surfaces: the carpet, and all cdmilar surfaces, absorb the radiant heat with 
facility; furniture and wooden articles become also heated; and these 
radiate in their turn, and throw off their excess of heat above that of 
surrounding bodies. They also warm and dilate the air in contact with 
them, and thus the heat becomeil more or less equally diffused throughout 
the chamber. Our clothes are also, in general, go(^ absorbers of heat; 
so is the skin or cuticle ; and by the absorption of the radiant heat we 
get warm on standing before the fire, at least upon that side or part which 
is exposed to it. This partial reception of heat by which we are burned 
on one side, while the other may be very cold, is one of the great objec*- 
tions to our common mode of warming apartments; and another is, that 
in winter, one part of the room only is comfortable, whilst others are 
disagreeably cold. In rooms heated by throwing into them a current ef 
warm air, such inconveniences are not experienced; but then, unless 
there is at the same time a thorough ventilation, they produce a sensatimi 
of closeness which is unpleasant to those accustomed to open chimneys 
and fires. A combination of the two systems is the mo^t efficacious and 
pleasant; warm air, properly and judiciously admitted at the parts of the 
room frirthest from the fire; and an open grate^ to assist in wanning^ 90 ^ 
to accomplidi a perfect ventilation. Orates or stoves have lately been 
contrived in which there is an open fire as usual, and which also throw 
out a stream of warm air, Keat^ by being made to pais fixAm Mhtfr 
npwmrds through a double leasing, surroundi^ all the heailed 'pasit of the 

o C 
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gtaXez these stoves, when pi^perly made’ and applied, are extremely 
eflhetlye and economical. 

But k is seldom recollected that all attempts to render any 'individual: 
apartment in ^ouje uniformly warm, will be frustrated, unless the mass 
of air in tB^h^laapd staircases 4s also heated: this is most effectually 
^accoq^plislied b^ a*pf(^erly constructed stove upon the basement story, 
and although«cthe expense of such an arrangement is considerable at first, 
it will be found, if properly and judiciously made, to effect a material 
annual saving ii\ fuel. Whilst upon tliis subject*! may be allowed to 
remark, that it is to be regretted that architects and builders in general 
are extremely inattentive to the methods of warming and ventilation, 
both as concerns dwelling-houses and public edifices. 

From what has been elsewhere stated respecting the conducting and 
carrying powers of bodies, in respect to heat, and from the phenomena 
of radiation, it is obvious that when a body is allowed to cool in the air, 
its heat will be carried aw^ay, first, by the absolute conducting power of 
the medium; secondly, by currents established in it, in consequence of 
change of density ; and thirdly, by radiation ; and that the separate influ- 
ence of each of these causes must be considered. Supposing, however, a 
body to be placed in a perfect vacuum^ its heat would be dissipated by 
radiation only: to determine, under these circumstances, the rate of 
cooling, an elaborate inquiry has been undertaken by MM. Dulong and 
Petit (Ann. de Chim. et Phys. vii.); but the details rather belong to 
physical than chemical science. It appears that bodies cool iil>ouU twice 
as fast in the air as in vacuo ; Dr. Franklin conceived that a body 
requiring five minutes in vacuo, would cool through the same number of 
degrees in air in two minutes. Count Rumford gives the proportions of 
five minutes and three. But it must be remembered that the rate of 
cooling will much depend upon the relative temperature of the body, and 
that it will lose unequal quantities of heat in equal times, forming, 
according to Newton, a decreasing geometrical progression. Tlius, sup- 
posing the temperature of a body to be 1000® above the surrounding 
medium, and that it were to lose 1 00® of heat in the first minute, It 
would lose of the remaining 900° in the second minute, (or 90®,) and 

of the residual 810® (or 81®) during the third minute, and so on; so 
that the number of degrees lost during the first five minutes, would be 
100,' 90, 81 , 7^*9, and 65.6. This law of cooling, however, though perhaps 
tolerably correct at low temperatures, becomes liable to much error at high 
ones, the error increasing as the temperature augments. 

In relation to this subject, the following facts may be deduced from 
the experiments of Dulong and Petit, just referred to*. 

1. When a body cools in a vacuum, the heat which it loses is owing 
entirely to radiation. When it cools in any kind of air, the process goes 
on more rapidly, because the quantity of heat radiated is the same as in 
vacuo, while m additional quantity of heat is conducted away by the 
mrorgas. 2.* The rate of cooling of a liquid confined in a vessel, is 
not altered by the size nor by the shape of that vessel. 3. The velocity 
of cooling of a thermometer in vacuo, for a constant excess "of ^tempera- 
ture, increases in a geometrical progression, when the temperature of 
• ' . « . . . 

* See Thomson on p. 113. 
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tfae^surrounding medium inci^eases in an arithmetical progression. The 
ratio of this geometrical prgoression is the same, whatever be the excess 
of temperfiture considered. The truth of this law will be evident from 
the following table. 


Excess of temp, 
ot the 

tUeim reutigi 

Velocity of 
cooling 
Water at 0® 

Ditto 

Water at 20® 

Ditto 

Water at 40® 


Dittfi 

Water at 80® 

240 ® 

10 V 09 


14*35 

{■■■I 

.... 

220 

8*81 


11*98 



— 

200 

7*40 

8*58 

10*01 

lh 04 

13*45 

180 

010 


8*20 

^ 9*55 . 


100 

4 80 

6*07 

0*01 

7*08 

8 95 

140 

3*88 

4*57 

5*32 

0*14 

7-19 

120 

302 

3 50 

4*15 

4 84 

5*04 

100 

2 30 

2 74 

3*10 

3*08 

4-29 

80 

174 

1-99 


2*73 

3*18 

00 

1 

1*40 

1*02 

1*88 

2*17 


If wo compare the live last columns of this table with each other, 
>ve shall find that the mean ratio is 1*161. In general, this geometrical 
progression requires to bo diminished by a constant quantity, in conse- 
quence of the heat radiated back to the hot body from the walls of the 
vessel ill which it is cooling. 4. When a body cools in vacuo, the time 
of cooling is materially influenced by the nature of the surface of the 
hot bod); those bodies cooling soonest wdiich radiate best. But this 
difference does not affect the law of cooling in vacuo. 5. When a body 
cools in any gas, the same portion of its heat is carried off by radiation 
that would be dissipated if it were cooling in a vacuum. Another 
portion is conducted off by the gas. This last portion is not affected by 
the nature of the surface of the hot body. It depends upon the con- 
ducting power of the different gases. 6. The celerity with which heat 
is communicated from hotter bodies to colder ones, wdien all other things 
are equal, is proportional to the extent of contact and closeness of 
communication b^tw*een the bodies. 

§ 18. — ^Phosphorescence. 

This term is generally applied to those bodies which shine in the dark, 
without undergoing combustion, though, in some cases, a low form of 
combustion goes on at common temperatures, or w*hen substances are only 
slightly heated, which has occasionally been confounded mth the lumi- 
nosity of phosphorescence. — (See a report upon this subject, by Dr. C. 
Williams, in the Proceedings of the British Association^ iv., 588.) The 
products of combustion (properly so called), at different temperatures, 
will be noticed in the sequel. The varieties of phosphorescence may be 
considered under the following heads — 

1. Bodies which become luminous after having been exposed to light; 
and which are generally called solar phosphori. 

2. Bodies which become luminous when moderately heated. 

3. Bodies of vegetable and animal origin, which are spontaneously 
luminous at common temperatures. 
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P6oiM{KRiA--Tlie attention of philosophers ^ras first drai«m 
kf thSi <^ouS Bnhjei^' hj an accidental discoreiy of Tincensio Oascariolo, 
a1fiifiett§aher ol^ who (about the^ year 1630), being engaged in 

BOine aldhemicd experiments, had occasion to calcine a quantity of a 
^cies of ""native haryia^ found near Bolc^a, at Monte 

Fatemo*. He observed, that whenever '^the spar had been sufficiently 
heated, it acquired the property of shining in the dark after having been 
Exposed to the sun's rays, and that it would even continue thus to emit 
light for some hours. In consequence of this discovery, the Bolognian 
spar came into great request among the curious; and the best mode of 
preparing the Bclognian phosphxurus^ as it was called, became a subject 
of no small pecuniary importance. The most successful preparers of it 
were a family of the name of Zagoni, who continued to supply large 
quantities' of it to the curious throughout Europe, and retained their 
monopoly for many /ears. Their process is not exactly known; but if 
the spar be powdered, and made into thin cakes, with mucilage of gum 
tragacanth, and then carefully calcined in the open fire, and suffered to 
cool slowly, they will be found to answer the purpose : that is, they will 
glow for some time in a dark room, after having been exposed to a bright 
sunshine. Some manligement, which can only be learned by practice is 
requisite in conducting the calcination. Any variety of sulphate of 
baryta will answer for the above preparation, but that which is massive, 
nearly opaque, and of a lamellar fracture, appears, on the whole, to fur- 
nish the most luminous product. 

There are many other substances possessed of properties analogous to 
those just described. For the discovery bf one of these we are indebted 
to Canton, by whose name it is usually known. Cantoris phosphorus is 
made by calcining oyster-shells in the open fire for half an hour; after 
which the whitest and laigest pieces are selected, mixed with about one- 
third their weight of flowers of sulphur, pressed into a crucible with a 
closely luted cover, and heated red-hot for an hour. When the crucible 
has become quite cold, turn out its contents, and select the whitest pieces 
for use. 

For our knowledge of the following solar phosphdrus, which is yet 
simpler than the preceding, we are indebted to Mr. B. Wilson (on 
Phosphoric p. 20). Select a score of oyster-shells, the thicker they 
are the better; then take most of the flaming coals, but not all of them, 
off a fire that is burning briskly, strew the shells over the surflme, 
and replace the coals that have been taken off. In about an houi^s 
time ti^e out ihe calcined shells, observing to break them as little as 
possible; and after 6:q>osing them for a few minutes to *the light, they 
will be found to have acquit a hgh degree of phosphorescence, glowing 
in the dark in a very beautiful manner, with most of the prismatic colours. 
It is not, however, absolutely necessary that the diells should be calcined 
in the open fire, for if they are heated sufficiently in a close cruciUe, they 
will exUbit pnomatic colours, chiefly blue and green, though not so bright 
as by the former method. If the calcination is effect^ in an iron crucible, 
all those parts of the shells that have been in contact with the sides of 
the crucible will glow with a red light. The contact of inflammable 

* Aikin’s XMeHossfy, Art. pHOsmoxi. 
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matter, and partipular^ cbaicoal, with the shelli durii^ their 9ald^adoll, 
appears eminently to. contribute to the brilliancy of ^e phosphoroa. 
Hence it fs that if the shells are calcined in a cnuable, jp\ contact with^ 
thin plates of steel, (steebbeing a compound of iron obA chmooal,) tW 
phosphorus thus produced will be much more bright, and of more yarioua 
colours than when plates of iron are employed; and, on the other hand, if 
flat pieces of charcoal are made use of, the intensity of the colours,* 
especially of the blue, green, and red, is far greater than in those produced 
by the steel.” 

Another solar phosphorus is that discovered by Baldwin. It is made by 
saturating diluted nitric acid with chalk, and evaporating to dryness, by 
which a nitrate qf lime is obtained. This, when melted ^at a dull red 
heat, cools into a compact mass, which has the property of imbibing and 
emitting light. * 

It has been observed, in regard to these solar pkosphori in general, 
that their luminous power is diminished by cold and increased by heat ; 
that they are more brilliant in dry and warm tlian in wet and cold 
weather; that they shine most intensely after exposure to direct sun- 
shine ; but that some of them, especially the oyster-shells, exhibit their 
phosphorescence when carried into a dark place, after mere exposure to 
ordinary daylight. It is sometimes said, that they absorb ^e same 
coloured light as that to which they are exposed, and that, if exposed to 
red light, they give out red, to green, green light, and so on; but this 
appears to be a mistake, the colours of the light being white or reddish 
white, and often prismatic, but independent of the colours of the rays to 
which they have been exposed. Moonlight is quite inadequate to render 
these bodies luminous; but the flash of gunpowder, the light of a bright 
candle or lamp, or of an electric explosion, sufiices to make them shine 
more or less intensely. 

Those which we have enumerated are the most remarkable solar 
phosphori, but there are several other substances possessed of very similar 
properties, such as some diamonds, rock-crystal with its surface roughened, 
certain saline bodies, and writing-paper : these, however, are less power- 
fully luminous, and require go^ management to be observed. T^ey 
should be brought out of the light to the observer, who should be stationed 
in a small closet, painted black on the inside, and with a black curtain 
hung up before the door. (Beccaria, Acta, Bologn,^ 1744 — 1747» and 
Phil. Trans.^ Ixi., 212. See also Heinrich, Bib* Univ,^ xv., 247.) 

2. Phosphori from Heat.«— T here are many substances which become 
luminous when moderately heated; that is, at a temperature below a red 
heat. These differ from the preceding in the circumstance, that, after 
having been kept at any particular temperature till their luminousness is 
exhausted, they are incai^le o£ shining again, except at a temperature 
greater than that to which they were first subjected. The substances be- 
longing to ibis class are extremely numerous*, but there are only a few 
which are eminently luminous ; of these the compact phosphate qf /tme, 
found native near Estramadura, in Spun; and certain kin& of or 
Derbyshire spar, especially the dark blue and sU(^tly fetid variety, are 

* An extended series of experiments upon this subject, by Sir D. Brewsterj 
will be found in the E^nhuirgh PhUotoj^kat Joumalf i. 
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the most remarkable: the former exhibits a beautiful pale*green lights 
intense eimugh to be seen in the daytime ; ai^d the latter shines with a purple 
tint; a 4nriety termed, from its shining with a green light, Chlofophane^ is 
particularly brilliant and beautiful. Ihe best way of exhibiting them is to 
heat them in a dark room, in a spoon of platinum, over a spirit-lamp, the 
Jight of whic^Jp not sufficient materially to interfere with the observance 
of their phospl^^scence. They should be in small fragments, but not 
too finely powdered. Tlie fetid carbonate of lime^ called swinestone^ not 
uncommon near Bristol, several varieties of calcareous spar^ and of heavy 
spar^ and powdered quartz^ are substances which are also luminous when 
gently heated; they may be strewed for this purpose upon a piece of iron 
which has been heated red-hot, and just ceased to glow. Mr. l^earsall 
has shown, that after the luminosity of many of these substances has 
been destroyed by heat, it may be restored to a certain extent by electrical 
discharges; and that electricity generally exalts the power, and in some 
cases confers it where it did not previously exist. I^veral other curious 
facts, in reference to this subject, will be found in his papers. {Roy, Inst, 
Jour,^ i., 77 aud 267.) 

The substances which are phosphorescent by heat, are also generally 
so by friction^ W’hich is another productive source of luminosity. There 
are also several bodies which are rendered luminous by passing an electric 
shock through or over them ; such, for instance, as a lump of* loaf-sugar, 
which shines for several seconds afterwards with a beautiful blue light. 
(Skrimshire in Nicholson* s Jour.^ xv., xvi., and xix.) 

3. Spontaneously Phosphorescent Substances. — Under this head 
we may place a variety of animal substances ivhich, under certain 
circumstances, emit light. The flesh of certain fresh and salt-water 
fish becomes luminous previously to its putrefaction ; of these the 
tench and carp, and the herring and sole, are perhaps the most remark- 
able: the fish should be gutted and split, and the scales scraped off; if 
placed in a dark cellar, they are then often observed to shine within 
twelve to twenty-four hours, the time depending upon the temperature 
and state of the atmosphere, and probably other causes which have not 
been determined: this appearance ensues before any bad odour is per- 
ceptibly exhaled ; and soles are often luminous in the dark, when perfectly 
fit for the table. Lobsters and crabs, under similar circumstances, are 
often very rich in phosphorescent matter. It appears, from the experi- 
ments of Canton and of Dr. Hulme {Phil, Trans,^ vols. lix., xc., and 
xd.), that sea-fish become luminous in about twelve hours after death, 
that it increases till putrefaction is evident, and that it then decreases. 
Immersion in sea-water does not affect this luminous matter; on the 
contrary, the brine is itself rendered luminous: but it is extinguished by 
pure water, and by a variety of substances which act chemical{v upon the 
animal matter, ^e ligamentous parts are more luminous than muscular 
fibre; especially the eyes. Phosphorescence is rarely observed in the 
flesh of quadrupeds, a^ never tibat of birds, under any circumstances 
of decomposition. 

There are many lifAng anWSSts which have various powers of emitting 
light. One of these is the glowworm; and there are others which, under 
certain circumstances, are powerfully phosphorescent. The common 
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hundred-legged worm^ found under bricks and pots in the garden, exhibits 
brilliant flakes of light when irritated. Tl^ lantern and Jire-fiiee of 
warmer clilnates are dso remarkable for their emission of light. 

Dr. Macculloch, in hia work on the Western Islands of Scotland, and 
in a paper published in the Qjuarterly Journal (xi., 249), has detailed 
some valuable facts respecting that beautiful appearance of light in sea- 
water, so well known to those who are conversant with the ocean during ' 
the darkness of night; he has shown that the sea is often crowded with 
worms and insects nearly invisible, and that its luminous property not 
only bears a relation to the existence and number of these at any time, 
but may generally be traced to the individuals by which it is caused. 
One of these luminous animals, described by Captain Home, is figured 
in the Qiuarierly Journal^ N. S., vol. iv., p. 3^. 

In the vegetable world phosphorescence is a less common quality. 
Decayed wood^ and occasionally peaty have been observed to emit a faint 
light; and there are a few flowers, among which may be mentioned the 
tuherosCy nasturtiuniy and marigold {Tropceolum majusy and Calendula 
vulgaris)y which have occasionally been observed to give out brilliant 
flashes upon a ivaim summer s evening. The leaves of the Phytolacca 
decandrOy have also been seen to emit light, and a similar appearance 
is mentioned by Mr. Momay, peculiar to the sap of a Brazilian Euphorbia. 
There are certain mosses too, which occasionally phosphoresce ; and some 
species of Rhizomorpha have been observed to be luminous in mines. 

We have now enumerated some of the leading cases of what is pro- 
perly called phosphorescence; it appears to consist in an emission of 
light, independent of ignition or combustion, and referable to a variety of 
causes, none of which have been very satisfactorily investigated or 
explained. Tlierc are numerous other cases of luminosity ref^ble to 
changes in the electric states of bodies, and which will afterwards be 
noticed in detail. 

§ 19. — ^Effects of Radiation in Nature. 

The earth, part of the surface of which is daily exposed to the action of 
the solar beams, will absorb the rays with various degrees of iacility de- 
pending upon the nature of the surface ; and during the night it will 
again radiate, or throw ofiF a portion of the heat it has so acquired. 
It has been ascertained that the extent to which this diminution 
of temperature takes place, is greatly dependent upon the aspect of 
the sky ; when the night is clecur, and the heavens cloudless, it goes on 
more rapidly, and to a much greater extent, than when the sky is over- 
cast and cloudy; and hence it is, that upon clear nights there is a much 
greater deposition of dew than in cloudy weather. To understand this, 
it must be recollected, that dew is not a kind of fine rain showering down 
upon the earth from above, but that it depends upon the deposition of 
moisture contained in the state of vapour in the air, and is, in its forma- 
tion, precisely similar to what happens when a glass of iced water is 
brought into a warm room in summer; the coldness of its surfime 
abstracts the heat from the vapour in the air, and causes its condensatioii- 
in the form of water, which is deposited exactly like dew Upon the 



SWSCT9 OF »AX>1AT10N. 


sod 

of ih^ T699el*. So the earthy upon a fine cloudless night, aocoid- 

to some^ in consequence of the accdeiated radiation of its own heat, 
and to others, in consequence of the radiation of cold from abo/e, becomes 
colder considerably than the superincumbent atmosphere, and there- 
fore the aqueous Tupour, more or less of which is always contained in 
the air, is condmised in the liquid form upon the surface of the ground; 
and, of course, most abundantly, upon those parts of the surface, which 
being the b^t radiators, or receivers of radiant matter, have their tempe- 
ratures most depressed. Thus, walking in the garden upon a bright 
autumnal mmming, after a clear night, we observe the dew veiy unequally 
deposited: it is commonly most abundant up<m the grass-plats, for mow^ 
grass is an excellent receiver and radiator; it becomes, therefore, colder 
than the adjacent gravel-walks, upon which the dew is less abundant. If 
we take the trouble of placing a thermometer upon the grass, and another 
upon the gravel, we shall find the former sink several degrees below the 
letter; and under circumstances favourable to the deposition of the dew, 
the earth's surface will always be found colder than the air above it. A 
thermometer on the grass has been observed, under favourable circum- 
stances, to fall as much as from twenty to thirty degrees below one 
suspended some feet above it. The consequence of this is, that the lower 
strata of the atmosphere in cofitact with the cold surface of the earth, 
are considerably colder than the higher parts; and if the air is tranquil, 
will remaiq so for some time, especially in hollows^ and other places 
protected from currents, and where the warm and the cold air are not 
therefore mixed by mechanical agitation. Hence it is that delicate plants 
often suffer more in situations apparently protected, than in those which 
are opei^and exposed, and where the cold air has not such a chance of 
lying ig^iet upon the surface. 

All good radiators^ exposed upon the earth's sur&ce, will become 
colder than bad ones ; i^ therefore, we place upon an exposed gravel-walk 
a piece of flannel and a piece of tin-foil, the former will have abundance 
of dew thrown down upon it, and the latter none; and, in reference to 
this foct, it is curious to observe the influence of the natural textures and 
surfaces of foliage. Smooth, varnished leaves, have no dew deposited 
upon them, under circumstances in which there is an abundant deposition 
upon rough and downy leaves; the former, therefore, seldom suffer from 
this cause of cold, but the latter are often frost-nipped. 

The reiaarkable influence of clouds in preventing radiation, seems 
first to haVe been noticed by Dr. Wells, whose Essay on Dew deserves 
the attentive perusal of all who are interested in this part of meteorology. 
He found tha^ if the night, at first clear, becomes cloudy, *die temperature 
of the grass always rises, independent of any changes of calmness, and 
nearly so of of atmoEpheric temperature. Upon one such night 

* This is also the reason why tfaidc cold throughout; upon a sadden thaw 
and substantial walls in the intmor of attended by a very humid state of atmo- 
houses become damp, and oftcoi very qihere, the vapour or moisture of the air 
wet, in certain states and dianges m is condensed in thejiquid state upon 
weiMMV laieyage so massive as tore- these eoUBuifiuM%SXmiase they sIm^^ 

itshimt,andooiiseqiiehUyoatt8eii tonm 
tnasy Slid durlq; a winter’s down in tibe form m water. 
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the grass, after haviiigvheto iwehe degrees colder than the air, became 
only two degrees colder, the temperature of the atmosphm remaining 
stationary; *and, on another occasion, the temperature of the grass rose 
JiJieen degrees, while the air only sustained an increase of three and 
OrJialf. Any protection interposed between the earth and sky, prevents 
radiation, in the same way as a cloud. If we place four poles in the 
ground, and stretch a mat or canvass upon them, the plot underneath will 
be efiectually prefserved from those changes of temperature referable to the 
escape of radiant heat from the surface, or, to the reception of radiant 
cold from above. In this way gardeners protect young and tender plants'; 
though it is obvious that any general changes, dependent merely upon 
atmospheric temperature, would not be interfered with, nor the cold kept 
off by such a contrivance. 

When a very delicate thermometer is placed in the focus of a 
concave metallic mirror, and presented to the clear sky on a cloudless 
evening, it indicates coU: this I think is more satisfoctorily accounted 
for, upon the idea of radiation of cold from above, than of radiation 
of heat from the thermometer. Sir John Leslie employed a differential 
air-thermometer in the construction of his Mthrioscope (See Encyc^ 
Brit.^ Art. Climate,) to indicate, as he terms it, cold puleee emanating 
from the sky^ or, as others have expres^d it, to give a comparative 
idea of radiation proceeding from the surfoce of the earth 4oward8 the 
region of perpetual congelation in the atmosphere.* % 

In the eighty-third volume of the Philosophical Transactions, Mr. 
Williams has described the mode of obtaining ice in Bengal, where the 
atmospheric temperature never falls to the freezing-pokit. It is evidently 
chiefly effected by radiation from the surface of shallow pans of watcv 
(and water is an excellent radiator), which are placed upon dry^tubble 
in open situations; calm, serene, and cloudless nights are most fovourable 
to the purpose ; and thin crusts of ice are thus frequently obtained. In 
such cases the production of cold has sometimes been referred to evapo- 
ration, but that this is not the cause of the diminution of temperature, in 
the present instance, is proved by the peculiar circumstances requisite for 
the success of the operation being entirely independent of it. This pro- 
cess may also be expUuned upon the supposition of frigoiific emanation 
from the regions above. The occasional appearance of ice upon the 
gravel at the bottom clear streams, seems also to be an effect connected 
with radiation: that radiant matter may traverse water, has b^n already 
sjiown, and consequently one would expect the substances lying under 
water would be subject to changes of teiffperataxe from that cause, though 
the carrying and conducting power of the water, and its motion, would 
of course much interfere with such changes. We may admit that rodtoftbii 
cannot emanate from a siliiaee immersi^ in water, but yet such a suifaet 
may receive radiant matter, and if so, cold as well as ksai. 

§ 20 . — Of Ignition and Combustion.' 

It will be evident, from the contents of the few fteceding jpages^ thali 

there is a ecmnexion between lig^t and heat, and that Aey 

disposed to produce eadi other; indeed, tiiey are pibbatty nwmtllll 
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into each other ; but these, and other mjsteridus relations between them, 
are as yet rery imperfectly understood. 

In the mean time it may be right to mention a supposed deception to 
the relationship between heat and light, furnished by an examination of 
the lunar rays^ which, though concentrated by the most powerful lenses, 
are incapable of affecting veiy delicate thermometers. De la Hire col- 
' lected the rays of <the full moon when in the meridian, by a lens thirty- 
five inches yi diameter, and threw them upon the bulb of a very sensible 
air-thermometer, but they produced no effect, though they were thus 
concentrated 806 times. 

It is not, however, surprising that the moon-beam should he thus 
inefficient, when we consider the tsXtrbme feebleness of its illuminating 
power, as compared with a solar ray of the same size ; the light of the 
latter being at least 300,000 tiines greater than that of the former. It 
appears probable, therefore, that the properties of the moon-beam arc to 
be referred to its feebleness, as compared with that of the sun, though 
there may be some peculiarity in its nature, or some power in the surface 
of the moon of retaining the heat, whilst it emits the light received from 
the sun. It is possible even that the moon may radiate cold. 

By the terms ignitwn^ and incandescence^ we express a property 
which bodies possess of giving out light, whenever their temperatures 
are raised up to a certain high point. The quantity of light thus emitted 
is always observed to increase with their temperature ; at first it is dim 
and feeble; then it becomes dingy red, and the bodies are said, in 
common language,* to be red-hot j then bright red, commonly called a 
cherry-red heat ; then, as the temperature increases, the body becomes of 
an orange or yellow tint, and at length acquires such brilliancy as to be 
painfulpto the eye; the latter is usually termed white heat. 

Various experiments have been instituted to determine the tempera- 
ture at which bodies become visibly red-hot ; this, in a dark place, cer- 
tainly exceeds six hundred and sixty degrees of Fahrenheit's scale, for at 
th&t temperature mercury boils, and it is not, in the least degree, luminous. 
Sir H. Davy's experiments place the degree of incipient luminosity in a 
dark place at about 810^. A dull red, visible in daylight, is probably 
equal to about 1000% a full red he^ to 1200% and an orange heat 
to 1660% 

Thdse observations of course only apply to bodies capable of sustain- 
ing high temperatures without changing their state, or undergoing decom- 
position, most substances being either dissipated or destroyed befbre they 
attain Ihe requisite temperature for ignition; or, if heated in the air, 
inflaming and undergoing rapid comhustim. 

In all the ordini^ eases of combustion air is present, and the pheno- 
Unoha presented by the burning body are referable to the chemical action 
which ensues, at high temperatures, between it and one of the component 
parts of the air, called oxygen^ which, being invisible, long escaped obser- 
vation as an important ag^ in process, and of which we shall have 
to speak gt len(^ hereafter. 

The at which bodies* bum or inflame in the air are 

extremely Various; some take under all circumstances the moment 
they are exposed to it;*nthei!S require their temperatures to be more or 



NATUBI£ OF FLAME. 


m 

less elevated; and some refuse to bum under any circumstances. Thus 
we speak of combustible and incombustible^ or inflammable and uninflam^ 
mable bodi^; and we call the oxygen of the atmosphere, and such other 
bodies as are possessed of similar powers, supporters of combustion. All 
common cases of combustion, then, taking place in the atmosphere, depend 
upon the union of the comestible with oxygen; between these bodies 
there necessarily exists a strong chemical attraction, ^d of this, one of * 
the results, as we have already shown, is the evolution of heat and light. 

The result of the union of the combustible with the supporter, is 
called the product of combustion; it is very commonly gas or vapour, and 
eludes ordinary observation* thus the immense quantity of coal daily 
consumed as common fuel, combim^with the oxygen of the air, and 
forms several products, of which the principal are carbonic acid gas and 
steam; and these pass off by the chimney, and arc dissipated in an invi- 
sible state through the immense mass of the atmosphere. The incom- 
bustible earthy matter contained in the coal resists combustion, and forms 
ashes; or, mixing with a part of the coal, renders it difficult of combus- 
tion, as we see in cinders. 

But the product of combustion is often a solid body: thus, if we 
throw a piece of the metal zinc into the fire, or heat it red-hot in a cruci- 
ble, it bums with a very vivid flame, and a quantity of a solid white 
substance is produced, which is a compound of the metal and the oxygen 
of the air, and is, therefore, called oxide of zinc. 

Nothing is more common than to speak of the destruction of bodies 
by combustion; but the term is in so far improper, inasmuch os, matter 
is indestructible; and when we seem to destroy a coal by burning it, we, 
in iact, only cause it to enter into new combinations; and the carbon 
which it chiefly consists of, although it apparently disappears, has 
only entered into a new combination, which may be found escaping 
from the chimney in the invisible state of air or gas, but from which the 
solid carbon may again be obtained by certain chemical operations* 

Such are the general results of combustion: they have here been 
adverted to in order to explain the nature of flame^ a subject which has 
been studied with much attention and curious results by several eminent 
chemists. 

It has often been doubted whether pure gaseous matter is, under any 
circumstances, susceptible of becoming luminous; certain it is, that its 
temperature may be elevated far beyond that which is required to ignite 
solid bodies, and it yet renndns invisible. By passing air over heated 
surfaces, its temperature has been so fhr elevated as to render metdlUc. 
wires red-hot, yet was the air itself not at all lumipous. Of this a good 
instance is afforded by the air that issues from the lamp-glass of an 
Aigand gas-burner, which, though not luminous, will heat a fine wire 
re^ or even white hot, held some inches above it. Flame^ however, may, 
in general, be regarded as luminous gaseous mailer and its temperaiure 
is, under certain circumstances, veiy intense, even where the light which 
it emits is excessively feeble. Peihaps the purest form of whidi 
we can exhibit is that of hydrogen gas; its V^hi is so feeble aa^soamely to 
be visible in broad daylight; yet its temperaiure is very bigh^’Oii may ba 
shown by bolding a fine platinum wire in it, which immedUtidy beemes 
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nMe-Aot? the other metah, imder similar circumstances, are generally 
Bselted or burned. 

'Upon what, then, does the luminosity of a flame, which renders it 
Faluableas a source of^artifieial light depend? Princtpally upon solid 
matter diffused through iiy and igntted by it. In the experiment just 
cited, the flame of the hydrogen is rendered luminous by the wire ; and 
if we blow any substance through it in fine dust, its brightness will be 
proportionately increased, though the solid matter be not itself inflam* 
mablF; ^ instance, if we sift a little magnesia into or through it. 

extent to which the light may he increased is also well illustrated 
by the ignition of dime in the oxyhydrogen blowpipe as originally sug- 
gested by Mr. Drummond {Phil Trans.^ 1826, p. 324), and as since used 
for the illumination of the solar microscope. That it is the vapour of the 
lime, raised to this high temperature, that occasions the intensity of the light, 
is diOwn by the roof of the lantern beifig covered by a sublimate of lime. 
There can ^ little doubt that the brilliancy of the voltaic dischaige between 
poiitts oi charcoal is partly referable also to the formation and ignition of 
carbon vapour. There are few instances of a more luminous flame than 
that of phosphorus, in which the great evolution c£ light depends upon 
the ignitkm of the produced phosphoric acid; and if this acid (forming 
the smoke of phosphorus) be led by a tube into the flames of alcohol or 
of hydrogen, it greatly increases their luminosity. 

In the flame of t^ow, whx, oil, and coal-gas, the brilliancy of the 
li|^t is chiefly owing very finely-divided charcoal, which is blended 
with, and burned in, the flame, and which, if in too large quantity, 
causes the flame to smoke, as we see especially in ill-m^e tallow- 
candles, which, potwithstanding frequent snuffing, throw off a quantity of 
soot into the surrounding atmosphere, creating a disagreeable suffocating 
smell, and blackening the walls and ceilings of our apartments*. 

Smdi, then, appears to be the source of the light of flames; but there 
asre some other curious particulars respecting their construction, which 
require more lull explanation, in a ccunmon candle, the wax or tallow 
is drawn into the burning wid^ by capillaiy attraction, and there is 
eofttftttkeA into vapour, prhich ascend in the form of a conical column, 
axAilgB its ^temperature sufficiently elevated to cause it to combine with 
ika oay j ^ of the sorrounding atmosphere widi a temperature equivalent 


PVnr sEcommoa intiposm of illuiiii* 
SktUm it k essenlhd tbat t^ eoi^ 
mufi lig^t of flames riiould resetnble 
Wih ei msaii, and, likeli, conrist of a 
the primaiy colours; 
il is seldom, however^ that artbfieial 
l^ll^lsparfeot in this respect, and ao- 
cotffingj^ It Is not suited to the correct 
and pMMlfatday of ooloun^ and when 
v fo ued't itf iriig h »prto shows 

a pvedODiiiiaiioecffiidne onet^ The 
'infittODoeof lightof one soloyr upon ex- 
ternal btdecte is teen by viewing them 
throng oohmeed gltmie, or mom per- 
feetly by flhnninafliig them hf m msfie* 
eksmath Skm* *We obtain sas eflhes 
of this kind by a lamp fed with spirit 


of wine burning in a wick impregnated 
with common i^t, and which, as it pro- 
duces little else than yellow light, has 
been called a moiiooArosia/Msmp; it 
shoifo no i^eet eolour except yellow, 
and fumig]^ a eurioua analyns of suoh 
compound cdours as contain ydlow by 
converting them to that tint; aU other 
colours appear very dingy: and nearly 
blacia The briUlant red of rinhabar, as 
in sealiDgiwax, and of iodide of meroiiry 
appear pals yi^w; thato£oocliinea],as 
in lake and md mipooco^ looks black; so 
also do the Jirilliant blues of smalt and 
tdtrsmarimL (6ee flhr l>. Brewster^ 
Lsttmen JVMiwttl Megle, p. 167.) ^ 
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to a whi^ heat. , eombnatioa U only^ the being 

a thin film ot white>.hot vapour, enclosing aii^^por portion, whkh 
cannot buiti for vmnt of oxygen. That isInKc^ k easily diown, 
by bringing down a piece of thin upon thie^^nie of a 
candle, so as to cause a transverse ^ the flame. We 
shall then observe a ring of light surrounding the interior VS^ 
dark part of the cone (fig. 82), and the vertical sScj^h of 
the flame will put on an appearance resembling fig. 8$. To 
prove that the interior g^rk pari cqgmsts injlanmahle 
gaseous matter^ we may insert one**eq4W a small glass ^tube 
into the dark centrical portion of the mme of a large candle, 
and the interior gas will then make ik escape through it, and 
may be lighted at the other end of the 4ub% so as to form a 
second flame. £ig. 84, a shows a section of the flame ; h the 
glass tube held in an inclined positLon in the cmitral part of the flame; 
c the inflahimable gas Idndled at its ^itremity. * 

It is in consequence of this structure .of ^flanie 
that we so materially increase its heat^ by pro- 
pelling a current of air through it by the 
or by supplying its interior with oxygen, as in the 
gas jet suggested by Mr. DamioU, (f At7. Mag* Srd v 
series, II., 57.) The^ perfection of the Argfttd 
burner k also referable to riie same cause. 

There are several substances which bum at' 
lower temperatures than those required for the 
production of flame. We often see the coals in a 
common fire, glowing at a dull red heat, bift not 
hot enough to inflime the smoke, or inflammable gaamid vapour flikt 
passes over them, which maybe immediatelyi^ffectedhya piece of flaming 
paper; or by stirring the fire;' Which^not only accelerates flieir combustion, 
but mixes air with the vapour, so a|^ to lender it more easily inflam^. 
The long-continued glowing of the wliiB>ef a green, wax-taper (coloured by 
verdigris) is another case M combustiozi, going on at a temperidure below 
that of flame; so is the luminosfty of a stick of phosphoriis. The pheno- 
mena attendant upon such states of ^mbustion are highfy 
^ as in the following expefiments. When spirit of wine is 
fiame in the usual way^^ carbonic amd and water are the product 
of its combustion; but when burned feUhout Jfeiiie, jit produces^ acetic 
acid or vinegar. The mode of effecting thk shwiftombusiim 
fidentily simple. A small spind coil of fine platinum wire 
the wick of a spirit-lamp, andr .allowed to project 
about a fourth of.an inch above it, as represented in 
fig. 86. Ihc lamp is then %hted, and suffered 
to bum for a few second!, whmi the flame is put out 
by an extinguisher, which, hol^eyer, must be 
(onsoas/y removed. Jxl thk 'nay the coil of wire 
retmns heat enough to carbon 4k elate c&mbmtton^ ^ 
of the alcohoUc vapoif|r, and it c6ntinu(M to glow wit£' ' 
a md hi^t asHtog iki sjph^mija^^ l^pn^ and £ 
to proAtce the 
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tioned: ip^ this way of proceeding} ibe l^ai never 
becomes intense enough to cause the in&inmable 
Ti^ur to bum with dame. i " 

There is another, and a very instructive way of 
maipng a similar experiment, which consists in pour- 
ing a teaspoonfulv ^ ether into a tall ale-glass, or 
small jar of the form represented in fig. 86, and 
then suspending in it a coil of fine platinum wire, 
previously heated by holding it for a minute in the 
flame of a spirit-lamp. /Ipft wire being now immersed 
nearly red-hot into the-fmxture of atmospheric air and 
^ ethereal vapour, with a red heat^ causing the slow combustion of the 
vapour^ It often happens that a part of the wire becomes white-hot^ 'and 
in th§t case flame is produced, and the ether bums with its usual products ; 
but so long as the wire continues only red-hot no inflammation ensues. 

It follows, then, that flame requires a very high temperature for its 
existence; and, consequentlyf that if we can devise any mode of cooling 
it,, it will be extinguished. A very small flame, for instance, is extin- 
guished by bringing a laige mass of iron near it, or by carefully surrounding 
it by a coil of wire; the metal abstracts its heat. But by far the most 
interesting experiments upon this subject are made by help of brass or iron 
wire-gauze, which may emly be obtained of different degrees of fineness, 
and mih which the following ilb^stlrative experiments 
are easily made. 

Procure a piece of this gauze about nine inches 
square, and of such fineness as to have about thirty 
meshes In the square inch: bring it gradually down 
upon the flame of a wax-candle, or, what answers 
better in all these cases, upon a jet of coal-gas, and 
the appearanc^repreiWted in fig. 87 will be pro- 
duced. The flc&e will be cut off where it touches 




i , the gauze, and^wre have a good oppo^unity of observ- 

ing the exterior luminous circle desdiibed above (fig. 
82.) In this case the inflammable matter of the flame 
(in the form of smoke) passes through the wire-gauze ; 

» but, in its passage, it iat so ftur cooled as to be ex-^ . 
. tinguished^ and the flame is thus prevented from tra- 
r I JH versing Jhe wire-gauze# f’ftf we now bring a lighted 

taj^ fliimc, to the upper side of the wire-gauze, the gas or 

snu^ W kindled, and'the flame continue to bum unintermptedly, as 


■ (of the wire-gauze used in these experimento be not suf- 
r if the wire Womes intensely heat^ the flaipe will jpass 
; because the cooling power is in the one casa^ireventedby 
he apertures^ and, in the other, by the high tcmpemture 
he wiie-ganze may be held in a jet of uninfl^ed 
its upper aiorfiM^e, in which case t^^ hums ther^^^l^ 

can^ desi^d through the gauze to kindle the gas, at the orifice of 

ezpert|neifl(^ 

a[ ekmgiuor in centra ol'Uf^ h foot s^pi^^ 
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autd applying a flame to its Umer surface. The vapour of the camphor, 
wfiich is very inflammable, burns with a bright flame upon the lower 
sur&ce ofsthe gauze, but cannot pass upwards through it, in consequence 
of its cooling power; so fiiat the camphor itself lies upon the surface of 
the gauze, in an uninflamed state, though sufficiently heated to furnish 
inflammable vapour for /the sustenance of the flame beneath. 

The power of a metallic tissue thus to intercept or extinguish flame, will 
depend upon the heat required to produce the combustion, as compared 
with that acquired by the tissue ; and the flame of the most inflammable 
substances, and of those that produce most heat in combustion, will pass 
through a metallic tissue that will intercept the flame of less inflam- 
mable.substances, or those that produce little heat in combustion : so 
that difierent flames will pass through at different degrees of temperature. 
The general cooling power of iY!>j wire-gauze, is referable to its excellent 
conducting power for heat ; it also, by use, becomes a very powerflil 
radiator of heat. 

These, and many other interesting investigations connected with the 
subject of flame, we owe to Sir. H. Davy, who most ingeniously applied 
them in the construction of his miners safety-lamp. 

Coal-mines arc often infested by a species of inflammable gas (car- 
buretted hydrogen), known under the name of fre-damp. When this 
gas is mingled in certain proportions with atmospheric air, it forms a 
mixture which kindles upon the contaf't of a lighted candle, and often 
explodes with tremendous violence, killing the men and horses, and 
projecting much of the contents of the mine through the shafts or 
apertures, like an enormous piece of artillery. Many attempts had been 
made at different times to light the mines subject to this fire-damp in 
such a way as to avoid the risk of inflaming it, but none were effectual ; 
at length Sir H. Davy constructed a lamp upon the principles which we 
have just explained, and- which haabeen used with s^ety and success. 

It is obvious, that if we place a lighted lamp or 
candle within a perfect cage of mre-gauze, no flame 
will be able to penetrate from within to the surrounding 
medium, in consequence of the cooling power of th^ 
metcallic tissue. The annexed wood-cut (fig. 89) is a 
representation of a safety-kkmp constructed upon such 
principles, a is a cylifider of wire-gauze, with a double 
top, securely and carefull/festened by doubling over, to 
the brass rim b, which screws on to the lamp c. The 
whole is protected and rendered convenient for carry- 
ing, by the frame and ring d. If the cylinder be of 
twilled wire-gauze, the wire should be at least of the 
thickness of one-fortieth of an inch, and of iron or 
copper, and 30 in the warp, and 16 or 18 in the weft 
to the square inch. If of plain wire-gauze, the w’ire 
should not be less than one sixtieth of an inch in 
thickness, and from 28 to 30 both warp and woof. — 

(Davy on the Safety-lamp^ p. 114, et seq,J 

The operation of this lamp may be shown on a 
small scale, by suspending it in a glass jar, and then 
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admitting a sufficient stream of coal-gas to render the enclosed atmo- 
sphere explosive ; or, what answers nearly as well, by immersing it into 
a jar, at the bottom of which is some sulphuric ether, and whicli 
supplies, by its vapour, an inflammable atmosphere. The flame of the 
lamp first enlarges, and is then extinguished, the whole of the cage being 
filled with a lambent blue light ; on turning off the supply of gas, or 
gently blowing the ethereal vapour out of the vessel, with a tube or 
bellows, this appearance gradually ceases, and the wick becomes rekindled 
when the atmosphere returns to its natural state. 

As the safety ci these lamps entirely depends upon the perfect state 
of the wire-gauze, and upon the^ non-existence any aperture or 
channel sufficiently large to admit of the passage of flame, they should, 
when in use in a coal-mine, be inspected daily, to ensure their soundness 
in these respects. In gas-manuf^iories, spirit-warehouses, and in all 
cases where inflammable vapours or gases are likely to be generated, as 
in the examination of foul sewers and drains, it is obvious that these 
lamps are importantly applicable*. 

* It has been shown, that by throwing and in a confined air. The . gas fired in 
a strong jet of coal-gas and air, in the lamps, but did not heat them above 
explosive proportions upon the wire- dullredness,andwhen they were brought 
gauze of these lamps, the flame occa- far into the stream, they were extin- 
sionally passes, aild this circumstance guished. A brass pipe was now fixed 
has been unfairly urged as a new expe- upon the blower-tube, so as to make the 
riment, proving the inefficiency of the whole stream pass through an aperture 
safety-lamp : but all practical and im- of less than hcdf an inch in diameter, 
prejudiced experiment shows, that when which formed a blow-pipe, from which 
carefully attended to, and used with the fire-damp issued with great violence, 
common caution (which imfortunately is making a flame of the length of five feet, 
not always the case) they are perfect and The blow-pipe was exposed at right 
efficient safeguards. That Sir Hum- angles to a strong wind, and double- 
phry was himself well aware of the pos- gauze lamps and single lamps succes- 
sibiUty of causing the flame to pass in sively placed in it. The double-gauze 
cases similar to those above cited, is lamps soon became red-hot at the point 
obvious from the following passages of of action of the two currents; but the 
his essay above quoted. wire did not communicate explosion. 

Single iron wire gauze of the kind The single-gauze lamp did not commu- 
nsed in the common miner’s lamp, is im- nicate explosion, as long as it was red- 
permeable to the flame of all currents of hot, and slowly moved through the cur- 
fire-damp, as long as U is not heated above rents ; but when fixed at the point of most 
redness ; but if the iron wire be made to intense combustion, it reached a welding- 
bum, as at a strong welding heat, of heat, the iron-wire be^n to bum with 
coarse it con be no longer safe ; and sparks, and the exiflosion passed, 
though such a circumstance can perhaps If a workman, having only a com- 
never happen in a colliery, yet it ought mon single lamp, finds the temperature 
to be known and guarded against. I of the wire increasing rapidly in an ex- 
bad an excellent opportunity, September, plosive mixture near a blower, he can 
1816, of making experiments on a most easily diminish the heat by turning his 
^lent blower, at a mine belonging to back upon the current, and keeping it 
J. G. Lombton, Esq. This blower is from playing upon the lamp^ by means 
walled off and carried to the ^surface, of his clothes or his body ; or by bring- 
where it is discharged with great force, ing the lamp nearer the orifice ^m 
It is made to pass through a l^them which the fim-damp issues, he may ex- 
pipe, so as to give a stream, of which the tinguish it : and there never can be any 
force was felt at about two feet from the occasion for him to place 1^ lamp in the 
aperture. The common single and exact ptnnt where two currents, one of 
' toble gauze lamps were bron^t upon fresh air and one of fire-damp, meet 
this current, both in the free atmo^here each other.** 
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Chapter III. 

CHEMICAL ATTRACTION, OR AFFINITY. 

In a former chapter we hare considered attraction as disposing the 
similar particles of bodies to adhere, so as to form masses or aggregates; 
and, in many instances, to arrange themselres according to peculiar* 
laws, and to assume regular geometrical figures. We then proceeded to 
show that heat^ or calorific repulsion^ was a power opposed to aggregation^ 
tending to separate the particles of matter, and in many ways connected 
with those extraordinary phenomena which hare been referred to ethereal 
matter^ and under which we were led to speak of light and radiant heat. 
We are now to give an outline of those extensive changes which appear 
to result from certain attractive powers, appertaining to dissimilar 
particles of matter, and sometimes therefore callM heterogeneous^ in 
opposition to homogeneous attraction: they are usually comprehended 
under the term chemical affinity, 

§ 1. General Results of Chemical Attraction. 

A GOOD instance of chemical attraction is afforded by the mutual action 
of copper and sulphur. If 16 parts of sulphur broken into small frag- 
ments be mixed in a glass flask, with 60 parts of copper filings or turn- 
ings, no action ensues: they may be triturated togetW, but still remain 
a mere mixture of sulphur and copper ; but, if heat be applied, so as to 
fuse and vaporise the sulphur, the copper presently begins to combine 
with it ; heat and light are copiously evolved, the copper glowing and 
burning in the sulphur vapour ; and a brittle black compound, quite un- 
like sulphur or copper, namely, a sulphuret of copper^ is the result. This 
simple experiment furnishes the following facts for consideration. First, 
it shows that mechanical aggregation is opposed in this case to che- 
mical action, and that the sulphiu: and copper do not combine, till the 
aggregation of the former is diminished or overcome by heat. 2nd. Tliat 
chemical action is here attended by the phenomena of combustion. «Srd. 
That the product has properties essentially different from those of its 
component parts. 4th. That sulphur and copper combine in certain pro- 
portions only; certain definite quantities of sulphur and copper being 
required to form the sulphuret. 

We may first observe, that chemical action is promoted by whatever 
tends to diminish aggregation or to disintegrate and separate the parti- 
cles of matter. In the preceding case, this is effected by heat; although 
it be true, as we shall afterwards find, that electrical powers may thus be 
exalted and called into action. It is this property or effect of heat, that 
renders it so essential an agent in many chemical operations, both upon 
the large and small scale. 

Another mode of diminishing aggregation, and thereby promoting 
chemical action, is solution^ the importance of which, as a prelude to the 
process of crystallization, has already been noticed (p.l07) : its effects are 
shown by pouring water upon the mixture of tartaric acid and carbonate 
of soda, commonly termed effervescent or sodaic powders; the materials, 
when dry, have no mutual action, but, when dissolved in water, the acid 
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iipinediately decomposes the carbonate. Hence arose the old, though not 
perfectly coneet chemical axiom, “ Corpora non agunt nisi sint soluia." 

But, in many instances, the mere diminution of aggr<lgation by 
mechanical means, is effective in enabling substances to act chemically 
upon each other ; thus, chlorine has little or no action upon a lump of 
met^c antimony, but powdered antimony thrown into the gas, imme- 
*diately bums, and produces a chloride cf antimony: a piece of marble 
put into dilute muriatic acid, is only slowly acted on, but when the sur- 
fiice is increased, and the aggregation overcome by pulverisation^ it is 
rapidly decomposed and dissolved. Lead, In its ordinary state, is scarcely 
acted upon by the air at common temperatures ; but if the salt, called 
tartrate of lead, be heated red-hot in a small tube or phial, the black 
matter which is obtained contains the lead in a state of very minute 
mechanical division, and in this state it immediately takes fire upon 
exposure to air. There are some cases of chemical attraction, promoted 
apparently by peculiar states of the stiff aces of bodies, which are of an 
extraordinary nature, and not easily explained: such are the action of 
certain porous bodies, and of perfectly clean, or finely divided (spongy) 
platinum upon certain gaseous mixtures: these we shall again refer to. 

The evolution of heat and light attending chemical action, is 
especially observed where the mutual affinities are intense, or where 
combination is rapid, and the electrical states of the acting bodies are emi- 
nently opposed. That it is not always explicable upon the theory of 
latent heat, or increase of density, is evident from the numerous cases, 
of an opposite nature in which it occurs, as in the explosion of fulminating 
mercury, and the expansion (attended by decomposition) of tlie oxide of 
chlorine. Nor does it appear that any one kind of matter is essential to 
combustion : it is a universal effect of intense chemical action, and pro- 
portionate to its rapidity ; this is well illustrated in the slow and rapid 
combustion of phosphorus ; the former exhibits a pale blue light, visible 
only in the dark, and attended by trifling elevation of temperature : the 
latter is brilliant in the extreme. When a candle bums, the substances of 
which it is composed are entering into chemical combination with the 
oxygen of the surrounding atmosphere; so also with respect to the 
coals consumed in our fires; and in both cases we observe the com- 
bustibles gradually losing their solid form, and acquiring an invisible 
aeriform state; dissolving, as it were, in the air, and disappearing. If 
we apply a spark to a small heap of gunpowder, it is instantly dissipated 
in the gaseous form, and a bright flame ensues. In these cases it will 
always be remembered that there is no destruction of matter, but that the 
charcoal and other substances, composing the candle, the coal, and the 
gunpowder, have merely entered into new chemical arrangements, and 
are to be found, as we shall afterwards particularly show, in the products 
of combustion. 

The next result of chemical action is, the production of forms of matter 
possessed of properties entirely distinct from those of their component 
parts, so that it is impossible to anticipate, from our knowledge of the 
characters of the latter, those which are to belong to the resulting com- 
pound: hence chemistiy is essentially a science of experiment. Oil of 
vitriol, for instance, or sulphuric acid, is a highly acrid and corrosive 
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liquid, but it is composed of tastelejBs and comparatiyely inert elements, 
namely, oy ygen, sulphur, and water. The elements, oxygen and nitrogen, 
which, in a state ot' mechanical mixture^ constitute the air we breathe^ 
give rise, when chemically combined^ to one of the most active agents of 
the laboratoiy; namely, nitric add. Again, if sulphuric or nitric acids 
he combined with caustic potassa, comparatively mild and inert neutral 
salts result, namely, the sulphate and the nitrate of potassa, in which 
none of the properties of the component acid and alkali can be recognised. 
In art, these remarkable changes are made subservient to the most im- 
portant purposes. A variety of extremely useful compounds are obtained 
by the union of elements comparatively useless and unimportant; and by 
the decomposition of apparently insignificant compounds, their more use- 
ful and important elements or components are separated. In nature, 
analogous changes are more strikingly presented to our observation, and 
the flower, the shrub, and the tree, are seen gradually to be formed and 
developed out of materials contributed by the air and soil, and in all 
respects most dissimilar to the new products of the vegetable: it is true 
that in these, and in analogous cases which might be taken from the ani- 
mal kingdom, the mysterious power of vitality interposes; but such changes 
are nevertheless chemical^ and legitimate objects of chemical inquiry. 

There are many beautiful experiments illustrative of the total change 
of all obvious properties of substances as a consequence of chemical com- 
bination; as one striking instance, we may adduce the mutual action of 
oxygen and nitrous gases; these bodies are respectively permanently 
elastic fluids, without colour, taste, or smell: when mixed over water, they 
immediately enter into chemical combination, lose their elastic form, 
become of a deep orange colour, intensely sour, and of a peculiar odour; in 
their separate state they are insoluble in water, but the body which has 
resulted from their combination is perfectly soluble in that fluid. 

Change of colour is a corntnony but also an importanty result of die-- 
mical action. By exposure to light, air, and moisture, the greater num- 
ber of colours are gradually destroyed, in consequence of the chemical 
agencies that ensue; a similar destruction of colour takes place more 
immediately upon the application of chlorine ; and hence these agents are 
resorted to, to efiect the purpose of bleaching. In the arts of dyeing and 
calico-printingy not only are fugitive colours rendered permanent, but their 
tints are variously modified, by chemical means. Of the vegetable blues, 
there are many which are rendered red by an acid, and green by an alkali; 
and hence paper stained with the juice of violets, or of the blue flag, or 
of the petals of the blue heart’s-ease, is useful as a test of the presence of 
those bodies*. The same principle is applied to other purposes: if, for. 
instance, an acid be gradually added to an alkaline solution, it is found 
that there are certain proportions in which they exactly neutralize each 
other; that is, a point at which the liquid neither exhibits acid nor alka- 
line characters. This point may be precisely learned by the above tests^ 

* The tesUpapers used in the laboratory and the alkalis restore the hhte of the 
are generally 6/iis A/miw paper, for the latter. Paper tinged yellow by fumisHe 
detection of acids, and the same reddened is also useful in the detection of alkalis, 
by a weak ootd, for the detection of alka- which change it to a moi^ or lea9 deep 
lies; the acids render the former redy reddish brown. 
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for tlie solution then has no effect on the yegetablehlue; hut if either 
add or alkaK be predominant, that is, if the point of neutraliption has 
not been exactly attained, then the test, by the tint which it assumes, 
announces the predominant element: green if alkaline, and red if acid. 

In other cases, change of colour announces to us the presence of pecu- 
liar elements or compounds: thus ferrocyanate of potash shows iron by a 
6/fi^ colour, copper by a hrown^ nickel by a very pale green^ &c., and there 
are numberless other tests applicable upon the same principle. 

Among these results of chemical action, we may next notice those 
which relate to the change of state or form^ sustained h%f the acting 
bodies^ When substances are burned in the air, they generally pass, as 
already observed, from the solid to the aeriform state; and the deflagra- 
tion of gunpowder is a good instance of such sudden conversion; the con- 
verse change, that of gases into solids^ is not so common, yet such coses 
are not unfrequent. When, for instance, ammonia and muriatic acid, both 
gases^ are mixed, they immediately condense into a white salt, which is 
muriate of ammonia. When one part of fuming nitric acid is added to 
two of strong alcohol, the liquids presently disappear, with violent ebulli- 
tion, in the form of vapour; and when chlorine and carburetted hydrogen 
gases are mixed, they form a liquid of the appearance of oil. 

Liquids by combination produce solids^ and sdids produce liquids. A 
strong solution of muriate of lime, mixed with one of carbonate of potassa, 
soon concrete when shaken together. Excess of a strong solution of 
tartaric acid, added to strong liquid ammonia, solidify into hitarirate of 
ammonia^ with the evolution of heat. A mixture of pure alcohol added to 
a saturated solution of sulphate of magnesia, congeals into a crystallized 
solid. Crystals of sulphate of soda, rubbed with an equal quantity of 
nitrate of ammonia, gradually form a liquid. So also the solid amalgams 
of lead and bismuth, when triturated together, assumcra liquid form, and 
become cold. 


J 2.— Theory of Combination and Decomposition. 


Chemical affinity is frequently spoken of under the term elective attrac- 
tion^ and is said to be either simple or complex. It is sufficiently obvious 
that different bodies are possessed of different attractive powers; and 
accordingly, if several be brought t<^ether, those which have the strongest 
mutual attractions will enter first into union: hence has arisen the above 
term. If I pour dilute nitric acid upon a mixture of lime and magnesia, 
the acid will dissolve the lime in preference to the magnesia. The know- 
ledge of this fact leads to the inference that lime would separate magnesia 
from its combination with nitric acid; and accordingly, if lime-water be 
added to a solution of nitrate of magnesia, nitrate of lime is formed, and 
magnesia is thrown down or precipitated. 

Upon this principle tables of attraction have been Acid. 


constructed, in which the substance, whose affinities are 
to be ' represented, is placed at the head of a column, 
and the bodies with which it combines beneath it, in 
the order of their respective attractions; thus the affi- 
nity of sulphuric acid fox several bases would be shown 
as annexed. ; 


Baryta. 

Strontia. 

Potassa. 

Soda. 

Lime. 

Magnesifi. 

Ammonia. 



COMBIVATIOK AND DECOMPOSITION. 


215 

Krom ibis table it would appear tbat baryta separates sulphuric acid 
from its compounds with all the iuferior substances, and that ammtmia 
is separated by all that are aboye it; there are, however, many cir- 
cumstances which interfere with the usefulness and accuracy of such 
tables; and in some cases there are apparent anomalies in the mutual 
agencies of bodies, which wholly subvert this order of arrangement. This 
is especially the case in the 'decomposition of certain insoluble com- 
pounds by soluble salts. One of these, originafly noticed by M. Dulong, 
{Ann. de Chim.^ Ixxxii., Nicholson's Journ.^ 35 and 36,) has been pointed 
out by Mr. B. Phillips {Journal of Science and the Arts^ vol. i., p. 80). 
He found that, on boiling carbonate of baryta in a solution of sulphate 
of potassa, sulphate of baryta and carbonate of potassa were formed; 
and he also found that, on reversing the experiment, by boiling sul- 
phate of baryta in a solution of carbonate of potassa, carbonate of 
baryta and sulphate of potassa were produced, 'l^e inferences deduci- 
ble from Dulong’s researches upon this subject are, that all the insoluble 
salts are decomposed by the carbonates of potassa or soda; but that a 
mutual exchange of principles of these salts cannot in any case be com- 
plete: and that all the soluble salts, of which the acid forms with the 
base of the insoluble carbonate an insoluble salt, are decomposed by these 
carbonates until the .decomposition has reached a certain limit which it 
cannot pass, (lire's Hie/., Art. Attraction.) 

In cases of simple aitractim or affinity, one body separates another 
from its combination with a third. Thus, when potassa is added to a 
solution of sulphate of zinc (composed of sulphuric acid and oxide of zinc), 
the oxide of zinc is separated, and sulphate of potassa is produced; or 
when sulphuric acid is dropped into a solution of baryta, sulphate of baryta 
is precipitated. 

In cases of double decomposition^ two new compounds are produced; 
as when a solution of nitrate of baryta is mixed with a solution of sulphate 
of soda, the results are a precipitate of sulphate of baryta, and a solution 
of nitrate of soda. 

These cases of double decomposition are Baryta. 

sometimes conveniently illustrated by diagrams^ 
which may either be constructed so as merely to 
show the result of the change, or, where re- 
quired, they may abo exhibit the composition 
of the acting bodies. In the case just alluded 
to, the substances beffire mixture are shown by 
parallel lines, and after mixture by diagomd 
lines. 

Or a. more complete view of the 
change is given in the annexed dia- Nittate ofSoda. 

gram, where the bodies, before mix- 
ture, are placed upon the outside of 
the perpendicular lines; their compo- 
nent parts are sho^ within them; 

and the new results on the outside of 

the horizontal lines:— sulphate^ Baryta. 
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§ 3. — CHEBncAL EatJtvAiBim and the Atomic Theory. 

A MOST important result of chemical attraction is, that bodies combine in 
certain proportions only. Thus, in the case just cited, of the combination 
of baiyta with sulphuric acid, to form sulphate of baryta, it is found, that 
in that compound, whether formed by nature or art, by single or double 
decomposition, the sulphuric acid and the baryta always bear a certain 
definite relation to each other, and are contained in it in the relatire pro- 
portions, by weight, of 40 sulphuric acid and 77 baryta: that is, these 
relative weights exactly saturate or neutralize each other: if we suppose 
sulphate of baryta to be composed of one atom of sulphuric acid and one 
atom of baryta, then the above numbers may be called the atomic weights 
of those substances, and an atom of sulphuric acid being = 40 and of 
barjta ==: 77, the atom of sulphate of baryta will be (40+77) = 
these numerical proportions have been sometimes called representative, or 
combining numbers, or more commonly, for a reason which will presently 
be apparent, equivalent numbers. 

But, sulphuric acid and baryta are not elementary substances, they 
are both compounds, and are consequently termed the proximate elements 
of sulphate of baryta; sulphuric acid consists of sulphur and oxygen, and 
baiyta consists of barium and oxygen; the ultimate elements, therefore, 
of sulphate of baiyta, are sulphur, barium, and oxygen: hence also sul- 
phuric acid and baryta are called compound atoms; but, in them, the same 
general law of dei^ite proportionals holds gocd, for sulphuric acid con- 
sists of 16 sulphur and 24 oxygen, which, added together, produce the 
compound equivalent 40; and consists of 69 barium and 8 oxygen, 

maUng 77, ihe equivalent of baryta. 

Another essential fact in reference to chemical combination is, that 
where one substance, a, combines in more than one. prqportion with 
another substance, b, the second, third, &c., proportions of d bear a very 
simple ratio to each other. Thus, mercury combines with oxygen in two 
proportions, forming the protoxide and the peroxide of mercury. In the 
former, 200 parts of mercury are combined with 8 of oxygen, and in the 
latter, 200 parts of mercury are combined with 16 of oxygen. Here it is 
obvious that the quantity of oxygen in the first, is to that in the second 
compound, as 1 to 2. ^ that, assuming 200 to be the atomic weight of 
mercuiy, and 8 the atomic weight of oxygen, we should call the protoxide 
a compound of 1 atom of mercury and 1 atom of oxygen, and the peroxide 
a compound of 1 atom of mercury and 2 atoms of oxygen. 

Tn other cases, the relative proportions of the components are to each 
other as 1 to 1^, 1 to 2^, &c.; or, what amounts to the same thing, as 
2 to 3, 2 to 5, &c. Thus, there are two oxides of iron; in the protoxide, 
28 parts of iron are combined with 8 of oxygen, and in the peroxide, 
with 12 of oxygen. Here, the quantity of oxygen in the first is to that 
in the secon4 as 1 to 1.6. These cases, however, are by no means of 
such frequent occurrence as the former. 

The simple ratio which the weights of the combining elements are 
thus seen to bear to each other, involves an equally simple law in respect 
to combining volumes, where substances either exist, or may be supposed 
to exist, in the state of gas or vapour. Thus, water may be considered 
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as a compound of 1 atom ofliydrogen and 1 atom of axYgea^ tiie telaliTe 
weights ofyWhidli am to each other as 1 to 8 ; hence the eq^iuTalent of the 
a|om of water will be (1 hydrogen + 8 oi^gen) ss 9. But oxygen and 
hydrogen exist in the gaseous state, and t^ weights of equal volumes of 
those gases (or in other wor^ their relative denaties, or specific gravities), 
are to each odier as 1 to 16; hence, 1 volume of hydrogen is combined 
with ^ a volume of oxygen, to form 1 wdume of the vapdur of water or steam : 
for the specific gravity of steam, com- 
pared with hydrogen, is as 1 to 9. The 
annexed diagram, therefore, will re- 8. 

present the combining weights and ^ 

volumes of the elements of water, | 

and of its vapour. 

To give another instance: muriatic acid gas is considered as a com- 
pound of 1 atom of hydrogen and 1 atom of chlorine, their respective 
weights being 1 and 36, and that of the resulting muriatic acid 37* Now, 
the specific gravity of hydrogen to chlorine is also as 1 to 36, and of 
hydrogen to muriatic acid as 1 
to 1 8.5. Hence it is obvious, 

as in this diagram, that 1 VO- Hydrogen, chlorine. Mariati. Acid, 

of hydrogen and 1 36 37 

of chlorine combine to form 2 

volnmes of muriatic acid. 

These instances, therefore, will suffice to show that there is the same 
simple relation in the volumes of the compounds, as in their weights; 1 
volume of hydrogen and 0.6 a volume of oxygen producing 1 volume of 
aqueous vapour ; and 1 volume of hydrogen and 1 volume of chlorine pro- 
ducing 2 volumes of muriatic acid. In the latter case, and there are many 
similar instances, the equivalent or atomic weights correspond with the 
specific gravities in reference to hydrogen as = 1, the gases combining 
volume for volume, and producing a compound gas, the volume of which 
is equal to the united volumes of its constituents. 

As a further illustration of the whole subject of definite proportionals, 
and of the atomic theory, in reference to weights and volumes, I subjoin 
a table of the compounds of nitrogen and oxygen: those elementaiy bodies 
imite with each other in no less than 5 proportions, and in the simplest 
ratios, forming two oxides and three acids. 



Abntw 

atoms or 

o/Nitige^ 

Atomie 
weight 
of the 
compound. 

Voluvm of 
Nitrogen 
and Oxygen. 

Resulti'^ 

co/tune 

ofthe 

compoan4.. 

l atom of the protoxide of 
nitrogen consists of . . 

1 1 + 1 . u + 8 

. 22 . 

l + 0.6 

. 1 

1 atom of the deutoxide . 

. 1 + 2 . 14 -f 16 

. 30 . 

1 + 1 

. 2 

1 atom of the hyponitrous 
acid . ........ .1 

^ 1 + 3 . 14 + 24 

. 38 . 

1 + 1.6 

• 

1 atom of the nitrous acid . 

. 1 + 4 . 14 + 32 

. 46 . 

1 + 2 

. 1 

1 atom of the nitric add • . 

. 1 + 5 . 14 + 40 

. 54 . 

1 + 2A 

e 


It has been above stated that 40 parts of sulphuric add (or 1 atom) 
are neutralized by 77 (or 1 atom) of baryta. Now we find that 40 parts 
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86 

Nitrate of Sotla, 
Nitric Acid -f Swia 


oC Aiiipliiific ac^ axe neutralized by 33 of soda; whence, 32 will be the 
atomic ureigltit, or equivalent of soda: if we now refer to nitrjlc acid we 
ahall find that 77 purts of baiyta neutralize 54 of nitric add, and that 
32 of soda neutralize the same quantity of that acid. Supposing there- 
fore, as in the preceding diagram, (p. 215,) we decompose nitrate qf 
baryta by sulphate ^ soda^ it follows that the newly formed salts will 

still be neutralj as in the subjoined 
diagram, to which the equivalent num- 
bers of the acting substances are an- 
nexed; from which it appears that 
131 parts of nitrate of baryta^ consist- 
ing of 77 baryta, and 54 nitric acid, 
are required to decompose parts 
of sulphate of soda^ composed of 32 
soda and 40 sulphuric acid ; and that 
the results of this decomposition are 
86 parts of nitrate of soda^ composed of 54 nitric acid and 32 soda, and 
117 sulphate of baryta composed of 40 sulphuric acid and 77 baryta. 

If we, therefore, are acquainted with the equivalent numbers of the 
respective bases and acids^ we at once know the relative quantities re- 
quired for saturation^ and consequently the composition of all the neutral 
salts^ as will be evident from inspecting the following table : — 




32 

131 ' 

Nitrate 
Baryta. 


! 

4- Sulphuric 
Acid 40. 


Sulphate of Baryta. 

117 


72 

^Sulphate 
of soda. 


Acxn. 

Equivalent. 

Base. 

Eqviva 

lodio 

. 165 

Baryta 

. . 77 

Bromic 

. 118 . 

Strontia 

. . 52 

Chloric 

76 . 

Potassa 

. . ■ 48 

Selenic . 

. 64 

Soda 

. . 32 

Nitric 

. 54 

lime 

. . 28 

Sulphuric . 

40 

Magnesia 

. . 20 

Oxalic 

. 36 

lit^ 

. ' . 18 

Carbonic . 

. 22 . • 

Ammonia 

• . 17 


Here we find, for instance, that 40 parts of sulphuric acid saturate 48 of 
potassa to form 88 of sulphate of potassa^ for the decomposition of which 
would be required 131 of nitrate of baryta^ containing 54 of nitric acid 
and 77 of baryta. We may also remark the different quantities of the 
different bases that are required to saturate a given weight of any of the 
acids, and vice versd: thus, 77 of baryta, and only 17 of ammonia are 
required to saturate 54 of nitric acid ; and 28 of lime, which are saturated 
by 22 of carbonic acid, require 165 of iodic acid for the same purpose. 

These tables are of great value to those who conduct chemicd opera- 
tions upon the large s^e, in the processes of arts and manufactures, 
guiding them in the quantity of materials which they require, and point- 
ing out the proportions of the products which shoidd be obtained ; and 
when applied, as suggested by Dr. Wollaston in his account of A 
Synoptic Scale of Chemical Equivalents,*' (Phil, Trans,y 1814,) to a 
sliding-rule^ divided upon the principle of Gunter^ s scale^ they furnish 
the practical as well as the theoretical chemist with an admirable instru- 
ment of reference, for the purpose of facilitating and verifying his experi- 
mental and calculated results. The form of this instrument, which I 
recommend to the student* is a box-wood scale, two feet two inches long, 

* They are made by Newman, No. 122, Regent Street. 
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coasistiiig of a moreable slider irith a iogoanttic fiwsf maOenitipon 
it, aod acgrtMptmdiag acrisaaf sni^ 19011 tire itself; upon Ae 

rule ^ smi^ snltstmeeB are also amaged, each oppodte to its respec- 
tive equivalent: Uie equivalents of the compounds may, by those who 
have competent experienee, be eanly deduced from those of the elements; 
but, for &e convenience of others, and to avoid perplexing the scale with 
a multiplicity of terms, a separate table accompanies it, c ontaining a 
copiohs list of compon^ equivalents. One of the commonest uses of 
this scale is to ascertain the relative proportions of the elements, in 
variable quantities of their compounds; for instance, I know that the 
equivalent of chlorine is 36, and of sodium 24, and consequently that the 
equivalent of chloride of sodium (or common salt) is (36 + 24) = 60. But 
I wish to ascertain how much of each of the elements is contained in 95 
of salt; I therefore bring the number 95 upon the slider opposite to 60 
upon the scale, and I now find the number 57 opposite to 36, and the 
number 38 opposite to 24 ; hence 95 parts of chloride of sodium consist 
of 57 chlorine^ and 38 sodium. These and the other uses of this scale 
are soon learned by a little practice, or by reference to Dr. Wollaston s 
paper, above quoted, or to Mr. Faraday’s Manipulation. 

The doctrine of equivalents furnishes the analytical chemist, in the 
first place, with a valuable test of the accuracy of his experimental re- 
sults, which of course, if correct, will not deviate from the above lawiEf: 
it also enables him, in many instances, to infer the composition of a 
substance, where direct experiment is unattainable, and this in more 
ways than one. It was long, for instance, before magnesium (the metal- 
lic base of magnesia) was obtained, but analogy led chemists to conclude 
that magnesia was a protoxide of a metal, that is, a compound of 1 atom 
of metallic base, with 1 atom of oxygen. The composition of magnesia, 
therefore, was inferred from the composition of its sulphate^ consisting of 
1 atom of sulphuric acid s= 40 united to 20 of magnesia ; now 20, which 
thus presents itself as the atomic weight of magnesia, must include an 
atom of oxygen = 8> and 8 deducted from 20, leaves 12 as the inferred 
weight of the atom of magnesium. In the same way the composition of 
lime was inferred to be 20 calcium and 8 oxygen, for it was found that 
sulphate of lime consisted of 40 sulphuric acid and 28 lime, and as the 
oxygen in the base of a neutral sulphate is to that in the acid as 1 to 3, 
it became obvious that lime^ ox protoxide of calcium^ must be constituted 
as above stated. 

To give another instance of a similar application of the atomic theory: 
it was found that chlorine expelled oxygen from lime, and it was ascer- 
tained that for every 28 parts of lime so decomposed, 8 parts of oxygen 
were evolved, and 56 parts of chloride of calcium formed ; now deducting 
36 (the equi^ent of chlorine) from 56, 20 remains, as the equivalent of 
calcium. , 

More complicated instances of such extensions of this theory will be 
given afterwa^s, especially among its applications to organic products ; 
my object in the preceding paragraphs h^ been to divest it of all hypo- 
thetic^ difficulty, and to present it to the student as involving a series of 
important practical applications, and as founded upon the basis of experi- 
ment. Those who would view it in reference to ancient atomic doc- 
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trines, and to the more obscure parts of molecular philosophy, may 
consult Dr. Daubeny’s Essay m the Atomic Theory^ and Dr. Prout’s 
BridgewaterTreatise. 

I shall now merely add a few words in further explanation of the Tnode 
of determining atomic weights^ or equivalent numbers. They aie founded 
upon careful analyses of the simplest combinations of the most important 
elements: among these we may, as an instance, select water; the most 
rigid analytical researches concur in representing^his fluid as constituted, 
per cenUy of 11.1 hydrogen, and 88.9 oxygen. Now, if we determine upon 
hydrogen as finiVy, or sr 1, then 11.1 : 88.9 : : 1 : 8.009; or, the hydrogen 
is to the oxygen very nearly in the ratio of 1 to 8 ; and assuming water 
to consist of 1 atom of hydrogen imited to 1 atom of oxygen, the atomic 
weight of the former being = 1, that of the latter would be = 8. In 
muriatic acid^ which, as already stated, is a compound of hydrogen and 
chlorine, these elements bear to each other the relation of 1 to 36; hence 
36 is assumed as the atomic weighty or prime equivalent of chlorine. If 
I now wish to determine the equivalent of a melal^ I select its protoxide^ 
and ascertain what weight of the metal is combined in such oxide, with 
8 parts of oxygen : thus in regard to soda^ I find it constituted per cent, 
of 25 oxygen and sodium ; and 25 : 75 :: 8 : 24 ; hence the number 
24 is assumed as the equivalent of sodium. In the same way I may 
resort to the analysis of chloride qf sodium^ 100 parts of which consist of 
60 chlorine and 40 sodium; and 60 : 40 : : 36 : 24 ; thus the former 
result is verified by the analysis of a second compound. 

The advantages of assuming hydrogen as=rl or unity ^ and thence 
deducing the other equivalents, are such as to have led to its very general 
adoption in this country; as it is the lightest known substance, all the 
other numbers are multiples of its equivalent, and may, for all ordi- 
nary purposes of demonstration and research, be represented by whole 
numbers; but to this sulject I shall again recur. Some represent 
hydrogen by 10, and some by 100; in these cases oxygen is of course 
80 or 800, and chlorine 360 or 3600, &c. Others adopt oxygen as unity 
ih which case hydrogen becomes one-eighth of that unit, and is repre- 
sented by 0.125, chlorine by 4.5, sodium by 3, &c. ; but this system is 
extremely inconvenient, in consequence of the perpetual and necessary 
recurrence of lotions, especially as concerns the retention of equivalents 
by the memory. The equivalents used by Berzelius have reference to 
oxygen as 100. 

The practical uses and applications of the atomic theory,' and further 
illustrations of the researches upon which it is founded, will occur in 
abnost every succeeding page of this book. It has been justly observed 
by Sir John Herschel, that the extreme simplicity which ch^acterizes 
this theory, is itself no unequivocal indication of its elevated rank in the 
scale of physical truths. {JPrel. Disc.^ p. 305.) 
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Chapter IV. 

ELECTRICITY. 

Many of the phenomena of electricitj are so remarkable, and so easily 
exhibited, as long to h|iye attracted general attention: by the natural 
philosopher they have been studied with much precision and success; 
and, more lately, the discoyeiy of the relation of the electrical to the 
chemical powers of matter, and to magnetism^ has opened an entirely new 
field of research. 

IVe are ignorant of the nature or cause of electrical phenomena, but, 
for the convenience of description and discussion, it has been customary 
to refer them to the presence of a highly attenuated and subtile form of 
matter, which has been termed the electric fluid. It must always be 
remembered, however, that the existence of such a fluid, or of any peculiar 
form of matter, as productive of electrical phenomena, is entirely 
hypothetical, and merely assumed to facilitate our reasoning upon the 
subject. 

Inasmuch as electrified bodies are found to present themselves in two 
opposite or distinct states^ it has been presumed that the electric fluid 
exists in all forms of matter; that, under ordinary circumstances, it is in 
a stale of equilibrium or quiescence; and that, when this state is so dis- 
turbed, as to occasion either its redundance or deflciency,^ the bodies then 
become electrically excited: upon this view of the cause of electricity, 
which originated with Franklin, the opposite states have been termed 
positive and negative. Others ascribe the phenomena to the presence of 
two electric fluids^ supposed to reside in glass and resin^ and hence dis- 
tinguished by the terms vitreous and resinous. This hypothesis, which 
originated with Du Faye, has, under some modifications, also been 
very generally adopted; it has been assumed that the two electric fluids 
are universally diffused ; that they are infinitely subtile and elastic, and 
each, repulsive of its own particles^ hut attractive of those of ike opposite 
kind; these forces being equal at equal distances, and vaiying inversely 
with the square of the distance*. In the ordinary or quiescent state, 
these fluids are supposed to be combined with, and exactly to neutralize^ 
each other; and electric excitation is attributed to their separation^ ox^to 
the decomposition of the neutral fluid. These hypotheses, like the two 
theories of light, have each their strong points; the first is recommended 
by its simplicity, and by the facility with which it enables us to reason 
upon the greater number of electrical phenomena; but there are cases 
in which the second appears most consistent; so long, however, as the 
definitions which we shall afterwards give, of the terms positive and 
negative j are distinctly understood, the adoption of either hypothesis is 
matter of little importance, always bearing in mind that both states, or 
fluids, are common to all matter, and that they are always co-existent. 

* Coulomb supposed the two electric I perties, neutralizing each other's dasti- 
fiuids to be possessed of equivalent pro- | city, like oxygen and hydrogen combined. 



§ 1.-*Elbctrical Excitation-^ Attraction AND RepvZiSion. 

The simplest indication of electricity is that which is ohsenred when 
certain resinous and vitreous bodies are subjected, in a dry and wann 
state, to gentle friction; as when a piece of sealing-wax is rubbed with 
flannel, or a glass rod with a piece of silk: in these cases the sealing-wax 
and the glass acquire the property of attracting and repelling light sub- 
stances ; and they are said to be electrically excited. Such properties 
seem first to have been observed in, and supposed peculiar to, amber; 
and hence the term electricity^ from the Greek word uAixIpov, signifying 
amber. Independent of these attractive and repulsive powers, &ere are 
other equaUy curious properties observed in the electrically-excited bodies ; 
in the dark they appear luminous^ shining, whilst rubbed, with flashes of 
ablueish light; and, if held near the face, they produce a singular tickling 
sensation. A veiy light downy feather, perfectly clean and dry, and 
suspended in any convenient way by a long thread of white sewing silk, 
so as to be as independent as possible of surrounding bodies, is a most 
delicate and useful indicator of this form of electrical excitation, and may 
be used in the following experiments. 

1. Provide a glass tube, about three feet long, and three-fourths of an 
inch diameter, and having wiped it perfectly clean and dry, rub it gently 
with a warm silk handkerchief ; it will become electrically excited; and, 
on approaching the feather, will immediately attract it ; but, on gently 
withdrawing, and again bringing it near to the feather, the feather will 

be steadily repelled; so 
that it will be impossible, 
for a short time, to get 
it to touch the tube; 
after a while, however, 
it again flies to, or is 
attracted by, the tube, 
and then again repelled 
as before. The annexed 
cuts (figs. 90,91,) repre- 
sent the appearance of 
the feather when attract- 
ed and when repelled. 

This apparently tri- 
fling experiment teaches 
us the following impo^ 
ant elementary fact: it 
shows that the feather, 
having received electri- 
city from the glass by direct contact, is repelled by it ; and, consequently, . 
that bodies similarly electrified repel each other; for we assume the 
feather to have received a portion of the electricity of the glass, and 
we Iqiow that the repulsion is mutual. 

2. Bub a large stick of red sealing-wax with a thick roll of diy and 
warm flannel; the sealing-wax will thus he rendered electrical, and will 
act upon the feather apparently in the same way as the glass; that is, 
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first attraefSng and then repelling it; and the moment that the feather 
has he($(iine saturated with the electricity of the wax, those bodies become 
aniCEtally repulsive. 

3. Warm a sheet of foolscap paper, folded in the usual way, before 
the fire, and rub it gently with a large piece of Indian rubber; then 
suddenly open the sheet, and hold its interior towards the feather, which 
will be attracted and repelled, as in the preceding cases of glass and wax. 

There are a number of other substances which become electrical by 
friction, such as white and black silk drawn gently over each other, as is 
commonly observed with silk stockings; the back of a clean black cat 
gently rubbed with the dry and warm hand; long, clean, and dry hair, 
combed in frosty weather; silk tassels and fringes, and so on: but the 
instances a\>ove cited are sufficient, and we may now proceed to a second 
set of experiments with the same apparatus. 

1. Excite the glass tube as before, and electrize the feather, so as to 
render it repulsive of the tube ; then bring the excited sealing-wax near the 
feather, and it will not be repelled as by the glass, but will be immediately 
attracted by it. 

2. Reverse the experiment, and having electrized the feather by 

sealing-wax, bring the excited glass rod near it, when, instead of being 
further repelled it will be attracted^ » 

3. If the feather be suspended between the excited wax and the 
excited glass, it will vibrate to and fro, being aUernately attracted and 
repelled. 

These experiments show tliat there is a difference in the electricities 
of the glass and sealing-wax^ and that bodies rendered repulsive by glass 
are attracted by wax; and vice versa. We had previously found that 
bodies similarly electrified repel each other; we now observe th^t bodies 
dissimilarly electrified attract each other. 

These dissimilar electricities, in reference especially to the above 
methods of producing them, were originally termed vitreous and resinous ; 
for these, the terms positive and negative are now more commonly sub- 
stituted; and the two states may be represented by the symbols plus 
and minus — . The feather electrized by glass is said to be in a positive 
•state, and that by sealing-wax^ negative. 

Still retaining the simple apparatus that we set out with, we may 
now proceed as follows: — 1. Fold the silk in such a way as to keep the 
hand as far as possible from the gl^s tube ; then rub the tube with it, 
and electrize the feather, which will now be repelled; whilst it retains 
this repulsive state, in regard to the tube, approach it with the part of 
the silk which had rubbed the glass, and it will be found to be attracted. 
From this experiment we should conclude that the silk and iike glass were' 
in opposite electric states: we have already called the positive; the 
silk, therefore, must be negative. The experiment may be varied as 
follows: — 

2. Hold the handkerchief os before, and having warmed it, rub it 
with the tube; then bring it near the feather, which it will first attract 
and then repel: whilst the feather is thus repelled by the silk, Reproach 
it with the excited glass, by which it will be immedkitely altracttd. It 
is obvious, therefore, that the glass and the silk are in oppose states. 
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8» If we Tott up the flaimel so as to keep the rubbed part at a distance 
from the hand, then rub it with the sealing-wax, and bring it to the 
feather, the latter will be immediately attracted by the flannel, and then 
repelled:* if we"^ now approach it with the excited wax, instead of being 
moT^ powerfully repelled^ it will be instantly attracted. Hence, having 
agre^ to call the electricity of the wax negative^ that of the fianilel must 
of course be positive; for it is evidently of the opposite or dissimilar kind. 

Here, then, we have developed another important electrical law, 
showing that one kind of electricity cannot he produced without the other; 
that when a body is positive^ some part of the exciting arrangem^'nt is 
negative. In the above case of glass and silk, the fonner is positive, and 
the latter negative: and in the case of sealing-wax rubbed by flannel, the 
wax is negative, and the rubber acquires a positive- state. 

4. That this is so, may be further shown as follows: — ^render the 
feather positive by the contact of the cxcited*glass; then approach it with 
the excited flannel, and it will be found to be repulsive of the flannel; 
that is, to possess a similar electrical state. 

5. Electrize the feather with the excited wax, which will render it 
negative^ and then approach it with the excited silk; the silk will con- 
tinue to repel the feather, and hence ’S similarly electrized, or negative. 

Delicate instruments sli^w us, that in almost all cases of friction,, under 
the precautions above described, bodies become electrically excited; and 
that the same body becomes either positive or negative, according to the 
circumstances under which it is excited. Smooth glass, for instance, 
becomes positive when rubbed with a piece of woollen cloth, but rough 
glass rubbed in the same way becomes negative ; and sealing-wax, which 
becomes negative when rubbed by flannel, becomes positive when rubbed 
against tin-foil or mercury. A cat's back is said always to exhibit positive 
electricity; but it is probable that no peculiar kind of electricity is in- 
herent in any one body ; it will even vary with the mechanical state of 
the surface and the mode of friction ; so, polished glass becomes positive 
when rubbed upon silk, but rough glass becomes negative; both become 
negative against a cat's back ; and when similar substances are rubbed 
together, that, the friction of which is limited to the least extent of surface, 
is usually negative: thus, when two similar silk ribands are excited by 
drawing the one lengthways over the other, that which has suffered friction 
on its whole length becomes positive, and the other negative. The 
following table, chiefly from the experiments of Cavallo, further illustrates 
these effects. — (Singer's Elements if Electricity^ p. 33). 

Becomes by friction with 

The back of a cat . Positive . . Every substance tried. 

Smooth glass . . Positive . . Everything except cat-skin. 

Bough glass . . . Positive . . Dry oiled silk, sulphur, metals. 

Negative . . Wools, quills, wood, paper, sealing-wax, 
white-wax, common silk; the hand. 

Tourmalin . . . Positive . . Amber; air from bellows. 

Negative . . Diamonds; the han^L 

Hare's-skin • . . Positive • . lifetals, silk, leather, iumd, paper, baked 

wood. 

Negative . • Other finer furs. 

White silk . . . Positive . . Black silk, metals, black cloth. 

Negative . . Paper, hand, hair, weasel's skin. 
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Aiffom , k^jmUrn wHh 
Black aUk • • • FMti^ • • * Sealing-wax. 

Negative • . weasel^ andt ferret fnr; brast, 

^ ^ silver, iron, hand, wliite sQk. 

Sealijig-wax • • Positive • • Some metals. 

Nega^ve . . Har^ weasel, and ferret fiir, hand, 
leather, woollen cloth, paper, some 
metals. 

Baked wood . . Positive . . Silk. 

Negative • . FianneL 

In regard to the above table, Mr. SSnger observes that iron, lead, and 
bismuth, render sealing-wax negative; the other metals positive; but the 
least difference in the condition of the materials occasions varieties in the 
result: with the same rubber (an iron chain) positive electricitj may be 
excited in one stick of wax, and negative in another, if the former be 
scratched and the latter smooth, ^pinus also found that two pieces of 
plate-glass, when rubbed on each other, were electrical when separated; 
but that although one was always positive and the other negative, the 
same plate sometimes exhibited the one, and sometimes the other 
electricity. 

In the following list, the substances become positive with those which 
follow, but negative with those which precede each other; viz., oxalate 
of lime, fur, smooth glass, woollen cloth, feathers, paper, silk, gum-lac, 
'rough glass. 

§ 2. — Electrical Conductors and Non-Conductors. 

There are some substances which, when examined by the above-described 
methods, are not observed to become electrical. If we, for instance, rub 
a cylinder of metal with flannel or silk, it is perfectly inert when brought 
near the feather: but the exception here is apparent only; the substances 
previously used, such as glass and sealing-wax, are non-cmductors of elec- 
tricity ; that is, they receive and retam it upon the excited surfstce only; but 
a bar of metal is a conductor^ and when electricity is produced upon it by 
friction, it immediately spreads over its whole sur&ce, and is carried off, 
as it were, by the hand, to the earth and all surrounding conductors. To 
show that the metal actually is excited in the same way as glass, attach it 
to some non-conductor: for instance, attach a cylinder or plate of brass 
to a stick of seiJing-wax, which may serve as its handle; then rub the 
brass against a dry and warm flannel, and, taking care not to touch any 
part of it with the hand, bring it near the feather, which will be attracted, 
and then repelled, precisely as by the glass and wax. In these cases the 
metals usually acquire negative electricity. 

We now, then, can understand the division of bodies into conductors 
and non-conductors. Thdire are also a set of bodies intermediate between 
the above extremes, which are called imperfect conductors. The non- 
conductors, readily exhibiting their electricity by friction, are often celled 
electrics^ in opposition to the metals, and gc^ conductors, wj^IdF ere 
called non-electrics. The electrics, ft^m their power of ptCTentil^ ihso 
passage or transfer and escape of electricity, are also sometimes termed 

Q 
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tfMlalort« TbsoMy almas xod mounted upon a stem or foot of glass, or 
soding-irQae, is said to bo ^ imulated conductor. 

The metals are by for the most perfect conductors; next to them 
come well-boxned charcoal and plumbago; then some of the concentrated 
adds, and strong saline solutions. Water, rarefiedair, most yapours, and 
many stony bodies and metallic ores, are imperfect conductors. Shell-lac 
is the most perfect non-conductor, and an excellent substance to use 
wherever insulation is required*. Sulphur and wax are also non- 
conductors; and so is glass, wldch, though in this respect much inferior 
to some othcSf substances, is, from the convenience of its application, the 
usual insulator employed in all common electrical apparatus. Baw and 
bleached silk stan^ high upon the list of non-conducting substances; but 
dyed silk is often a partial conductor, in consequence of the substances 
used to colour it: hence, in the above experiments, we have advised 
mhite silk for the suspension and insulation of the feather. It is also 
stated by Henley, that black hsdr conducts better than white (Phil. 
Trane, as illustrated in the case of a bullock struck by lightning. 

Dry air, and baked wood, are non-conductors. There is a gradual transi- 
tion in bodies from what are termed perfect conductors, to perfect non- 
conductors; the following list exhibits the principal of these : 


COKDtrCTORS. lilPEXrXCT COKOUCTOaS. NoK-CoimrcTORS. 


Metals 
Charcoal 
Fused chlorides 

— iodides 

— — salts 
Strong adds 
— ~ alkalme solutions. 


Water 
Damp wood 
Alcohol 
Damp air 
Some oils 
Vegetable 

bodies. 


Glass 
Sulphur 
Fixed oils 


Ice 

Diamond 
SheU-lac 
Oxdate of lime 
Dry gases and air. 


There is no constant relation between the states of bodies and their 
conducting powers. Among solids^ for instance, metals are conductors ; 
resins non-conductors: among liquidsy strong alkaline and acid solutions 
are good conductors; water is an imperfect conductor; many oils are 
non-conductors. SoUd wax is almost a non-conductor, but when melted 
it becomes a good one. So also the solid proto-chlorides are non- 
conductors, but when fused, they conduct; the per-chlorides, on the 
otiier han^ conduct in neither state. Glass, when cold, is a non- 
eonduetor; but when red-hot it is a conductor: the diamond is a non- 
conductor: but pure and well-burned charcoal, which is merely another 
of diamond, is among the best non-metallic conductors. 

We may fonn some idea of the retardation which electricity suffers 
in through imperfect conductors, from the statement of Mr. 

Caveadiah {Phil. Trane^ 1776), according to whom, iron-wire conducts 


Antpvrdliig ; to Erman, (GiA^. of electricity by the atmosphere is nearly 

uLf a thread of gm-]ap insalates in the triplicate ratio of its moisture. It 
m A needle of is also stated, that an electric jar is dis- 

siiehil^sx <diarged ff put into a vihratoiyst^ 

cited. A e^pillaiy bore lessens the in- l^r soimdhig it lilm a hsni^ 
snIMng power of fi^ass. Thedlttipation 
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400 miUioB tiaotea better than pure water ; aea-water (with one thirtieth 
of salt) 100 times better; and a saturated solution of salt, 700 times 
better. ^ 

Tte enormous rapidity of the progress, or supposed progress of the 
electric fluid through long trains of conductors, was first experimented 
upon by Watson (PAt/. Trans., 1748): he could observe no perceprible 
|ime occupied in its passage through a drcuit of 12,276 feet. This 
curious subject has lately been investigated by Mr. Wheatstone {Phil. 
Trans.^ 18^, p. 583), according to whom, electricity moves through a 
copper wire, with the velocity of 400 feet in the ten-thouaanflth part of a 
second; or, through 4 million feet in a second. 

§ 3. — ^Induced Electricity. 

We have laid it down as a general rule, that no electrical attractions 
exist, except between bodies in opposite or dissimilar electrical states ; 
and we have shown that when any electrified body, such, for instance, as 
an excited stick of sealing-wax, is brought near other non-electrified 
bodies, they have a tendency to be attracted by it. This tendency exists 
among all surrounding substances; but such, of course, only, as have 
freedom of motion, are observed to move towards the excited electric : 
such as the suspended feather, particles of dust, and any other light and 
moveable bodies. Now, as these are attracted by the electrified body, it 
follows that they must previously be thrown into an opposite electric 
state, by the mere proximity of the excited electric; and this is really the 
case: whenever an electrified body is brought near to another in an un- 
electrified state, the surface of the latter, opposed to the former, becomes 
oppositely electrical, and is consequently attracted by it. 

Electricity is thus said to be induced in the surrounding bodies, by 
the vicinity of any excited electric: thus, when a highly electric cloud 
hovers over the earth, that portion of the earth’s surfece opposed to the doud, 
becomes in an oppositely electrical state, and consequently attractive of 
the cloud; thus, during a thunder-storm, we often see an electric cloud 
perch upon the summit of a hill, and remain there till it has discharged 
its electricity, when it is wafted quietly away. 

Electricity by induction presents us with some very curious phe- 
nomena, which may here be stated generally, and more particularly ex- 
plained afterwards. We have already said, that when an electrified body 
approaches another which is in its ordmaiy state, the surface of the la^iff 
opposed to the electrified body acquires an opposite state : this opposite elec* 
trical state, however, only bdongs to the opposed surfisce; for the other side 
of the body, though also electric, is dissimilarly so. This statement may be 
rendered more mtelligible by the following diagram Let a, fig. 92, repnM 
sent a brass needle fmly moving upon its centre, which is supported 
upon a glass foot.* 5, a conductor positively electrified, and within a few 
inches of the pith-bi^ c attached to one of the points of the needle*' 
We shall now observe that c is attracted by 5, and may therefont' 
infer that it is negative; aild that this is really the case may be dmm 
by bringing near to the ball c, a stick of excited sealingvwax, by 
which it will be repeUed. But if we now bring the 8ealia|^wax> 

Q2 
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towards the ball d, it will be attracted by it: here, then, by the praximUg 

of the conductor we hare in- 
duced in the needle a an eUctro-^ 
polar state ; b being positiye,' c is 
negative, d positive. To explain 
this further by the help of our 
hypothesis: let us suppose the 
natural or quiescent electricity of 
a to be disturbed by the presence 
of 6, which causes a portion of it 
to be repelled or driven from c to d. 
The end c, therefore, is negative^ 
or minusy that is, it has less than 
« * its natural portion of electricity; 

and d is positive^ or plus^ because in it electricity is accumulated: in the 
centre a there will be a neutral point, in which no electricity is manifest. 
The state of the needle therefore is such, that negative electricity is 
accumulated at c and positive at d, and that they each gradually decrease 
towards the centre a. On the removal of the disturbing body 6, the 
needle reverts to its ordinary state. 




The pdar arrangement thus caused by induced electricity, may be 
carried to any extent: thus, suppose a in the preceding diagram, fig. 93, to 
represent a body negatively electrified, h would become positive, c negative, 
d positive, e negative, and so on, through any extent of conductors, the 
last being in communication with the earth. Thus the feather attached 
to the insulated conductor at &, is attracted towards a, and the feather c 
attracted by d; these feathers and surfaces being respectively in oppositely 
electrical states. 

These illustrations will sufiGice to explain the meaning of the term 
induction^ or induced electricity, without a knowledge of which many of 
the elec^c phenomena we are about to advert to, wodd be unintelligible: 
we sb^l afterwards find that it presents some very extraordinary conse- 
quences in reference to the distribution and accumulation of electricity, 
and Ihe disturbance of the electrical'equiUbrium. 

Xhe actual electropolar state of a conductor under induction is well 
sihoiim as follows: place two gold-leaf electrometers about 18 inches 
and connect their caps by a wire lying across them; then apjproach 
with an excited gliw tube, which will cause both to diverge ; 
wU^ they are in this diverged state, lift off the intermediate wire, and 
then iWnove the induciiig tube, and each electrometer will retain its 
divergence: on examining that which was nearest to the excited glass 
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tube, it wilt be found negative^ and that which was at the other extremity 
of the wire, will be po/ntive: if we now, by means of a wire, with an 
insulatii^ handle, connect the two caps, both electrometers will collapse, 
and lose all signs of electricity, showing that the negatiye and positire 
states were co-equal: a piece of wire with a handle of gum-lac, is a con- 
Tenient connector for the electrometers. 

« When in these experiments, the conductor electrified by induction is 
insulated (as it must be to exhibit its polar state), the accumulation of 
either electricity is of course feeble, being limited to the decomposition 
of the quantity of neutral electricity contained in it; but if one end of 
the conductor be connected with the ground, the supply is comparatively 
unlimited: this may be well shown by presenting the knuckle, or a brass 
ball held in the hand to the prime conductor; the^ opposed surface becomes 
oppositely electrical by induction, and a succession of sparks pass ; but 
if the person be insulated, the induction is limited, as in the insulated 
conductor, and only two or three sparks are observed to pass. Hence, too, 
the increased effect in the electrometer-experiment, if the cap or wire be 
touched by the uninsulated hand ; when withdrawn, it leaves the instru- 
ment in a state of powerful divergence. 

§ 4. — ^Electroscopes and Electrometers. 

Electroscopes and electrometers are instruments by which changes in the 
electrical states of bodies are rendered evident, and their intensities 
measured. 

One of the simplest of these (fig. 94) 
consists of two small pith-balls, sus- 
pended by very fine thread or silver-wire, 
to the end of a small insulated conductor. 

When this receives electricity, the balls 
diverge, and the nature of the electricity 
by which they are diverged may be 
judged of, by approaching the conductor 
with a piece of excited sealing-wax: if 
the divergence increases^ it is the same as that of the wax, or negative; 
if it diminishes, it is opposite to that of the wax, or positive. 

Where a more delicate test of the presence of electricity is required, 
we substitute for the pith-balls, two small slips of 
gold-leaf ; and as these are apt to be deranged by 
the slightest motion of the air, it is necessary to 
enclose them in a glass cylinder, sufficiently capa- 
cious to allow of their diveigence. .They are con- 
nected with the brass cap, of the instrument, which 
is used in the same way as the preceding. This is 
commonly called Bennets gold-leaf electrometer. 

The delicacy of the gold-le^ electrometer is 
much increased by an improvement in the insulation 
of the leaves, which we owe to the late Mr. Singer. 

The instrument is constructed as usual, with a glass cylinder surmounted 
by a brass cap, but the insulation is made to.depend upon a (^hse tubi!, 
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Bbbut iimr inebes bug, and one-fbiurtli of an iffich bbmal diameter^ 
covered both on ihe inside and outside with sealing-wax, and having a 
brass wire of a sixteenth Or twelfth of an inch thick, 
and five inches long, passing throBgh its axis, so as 
to be perfectlj ftee from omtact with an j part of 
the tube, in the middle of whidi it is fixed by 
a plug of silk,' which keeps it concentric with the 
internal diameter of the tube, a is a brass cap 
screwed upon the upper part of this wire; it serves 
to limit the atmosphere from free contact with the 
outside of the tube, and also defends its inside from 
dust; to the lower part of the wire the gold-leaves 
are^ attached, and the whole mounted as usual, as 
represented, in section, above (fig. 96). When a gold-leaf electrometer is 
to be employed in atmospherical investigations, the contrivance described 
by Mr. Ibnalds {Quar, Joum. ii. 249) may be conveniently applied to it. 

The kind of electricity by which the gold-leaves are diverged may be 
judged of, as before, by approaching the cap of the instrument with a 
stick of excited sewing-wax; if it be negative^ the divergence wrill 
increase; if positive^ the leaves will collapse; upon the principle of the 
mutual annihilation of the opposite electricities ; or that bodies similarly 
electrified repel each other, but that when dissimilarly electrified they 
become mutually attractive. 

To ascertain the actual repulsive and attractive powers appertaining 
to weakly-electrified bodies, Coulomb ingeniously availed himself of the 
principle of torrion, and thus constructed his electrical balance. It con- 
sists of a fine metallic wire, a, fig. 97, one end of 
which is attached to the screw h, and to the other is 
suspended the horizontal needle c, composed of 
gum-lac or other non-conductor, and armed at one 
extremity with a gilt pith-ball, counterpoised at the 
other end by an mdex. The conductor d is a small 
wire with a ball at each end, passing through the 
glass receiver in which the nee^e is suspended, and 
having its lower ball opposed to that of the needle. 
By the screw 6, the two balls are brought into con- 
tact, and the index then points to o, on the divided 
scale of degrees. On communicating a very feeble 
electrical power to the conductor, it transfers it to 
the moveable pith-ball, and repels it a certain num- 
ber of degrees, proportional to the intensity of the 
acquired electricity, and measured by the power of 
torsion which it exerts upon the fine wire. By 
exper ro ents made with this electrometer, it would appear that the elec- 
trical powers fellow {he law of gravitation, in being in the inverse rath 
vf the- squares of the distances of the acting bodies.* In the most delicate 
Misti'uctioit'of the instrament, a single silk-womfs thread is used instead 
of the wire. ‘ 

]E^me8ns <ff the gold-leaf deefrometer, constructed as above, we dis- 
^ei th<e existence ef very sUght of electricy excitotica, whi^h 
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elude;all oomman methods of detection. If the cap of the instrument be 
gently stniek ifriih a silk handkerchief, a poweiM div^ence may be 
given to the leaves, resulting from the friction of the metd and tilk; if 
blown upon by a pair of b^ows, electrical excitation is also indicated, 
dependij^ probably upon the friction of the air upon the metal; and it 
will be found in the sequel, that we conveniently avail ourselves of this 
»instrument:to detect the production of electricity resulting from a variety 
of other causes. 

To determine the kind of electricity by which the leaves are repelled, 
we approach them, as before directed either with an excited stick of 
sealing-wax, or a glass rod; Jf the divergence is increased by the former, 
it is negative; if diminisbedy^port^ivev if increased by the glass, it is 
positive; if diminished, negative. In consequence of &e law of excita- 
tion by induction, which has been above ex- 
plained, it is sometimes supposed that this 
method of merely approxisnating in- 
strument, instead of actually touching it hy 
the excited wax or glass, might lead to 
erroneous conclusions; but if we examine a 
little more particularly into the state of things, 
we shall find that, consistently with the law 
of induction, electropolarity will be produced, 
and that consequently, the gold4eaves will 
acquire the same electricity as that of the 
wax or glass, although the surface of the brass 
plate or cap of the instrument, immediately 
opposed to the wax or glass, may be in an 
opposite state. Thus, let n (fig. 98) repre$ent a piece of excited wax, 
negative; p the cap pf the electrometer, positive; ju ttio gold leaves, negative^ 
that is, similarly electrified: to Ae waa|» 
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In the preceding details we have availed ourselves of the simplest appa- 
ratus, in order to explain the leading and principal laws of electrical 
excitation; all the experiments are ea^y made, and their results include 
some of the most important facts connected with the subject, to which, in 
the sequel, it vdll be necessaiy fr%quentiy to recur. For the further prac^ 
tical prosecution of these experiments, an electrical machine is indispen- 
sable; this, therefore, we may now proceed to describe. * 

The best electrical machine for experimental purposes, and for^e 
general use of the young student, is represented in the'^^ following wo^- 
cut. It is commonly called Nairne^s machine, and may be obtained at 
most of die philosophical instrument makers*. (See fig. 99;) It consists 
of a glass cylinder a, about 10 or 12 inches in diameter, and 16 to 
20 inches in length, turning between two upright pillars of 
fixed to a stout mahogany base. Two^ smooth 'metal 
in length to the cylinder, and about one*>third of its dianmt!Br 9 'C;C!^ 
{daoed parallel to it upon two glaim pillars nn, which aiEe mio 

two sliding pieces of wood b, by whidh their ^tancojlmp^v^^^^^^ 
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may be adjusted. One of the conductors has a cushion^ attached 
to it (by a bent metallic spring) neady as long as the cylinder, and about 
one inch or an inch and a half^wide, to the upper part of which is sewed 
a flap of oil-’Silkf G,' which should reach from die c^hion over the upper 
suiiace of the ghuss cylinder, to within about an inch of a row of potait 
attached to the side ^ the opposite conductor. The conductor to which 
the cushion is attached:is called the conductor; the other collects 

the electricity of the glass, aiid is eidled the positive conductor: nis an 
^justing screw to re^ila^ the pressure of the cushion upon the cylinder. 



The motion of the cylinder is in the direction of the silk flap, and may he 
most simply communicated by a handle attached at i, or, if necessary, by 
the multiplyii^ wheel k. It is obvious, that in this form of the elec- 
trical machine, the cylinder and the cushion correspond to the glass tube 
and silk rubber employed in the former experiments, and that all tlie 
phenomena appe^ining to the excited . tube will be exhibited by the 
cylinder a, and the conductor opposed to it, whilst those of the excited 
silk or rubber, will belong to the cushion f, and to its conductor. 

' To put this electrical mac^e into good action, every part should be 
made perfectly clean and , dry. The cushion is then anointed with 
amalgam^ and applied by a gentle pressure to the cylinder. If positive 
electricity is required, it may be received from the conductor beaiing the 
points, that supportiiig the cushions being at the same time, uninsulated 
by an attached .wire,, pacing from it to the stand; if, on the contrary^ 
negative eleci^city is required, it .may be obtained fi^m the ii|sulat^ 
cushion and its conductor, the other conductor being uninsulated. . 
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' The best is composed of one part of tin and two of zinc 

melted together, and mixed, while fluid, witii six parts of hot mercury in 
an iron mortar. This mixture is trituratedTiill it becomes a fine powder, 
wldch is then formed into a tenacious j^te with hogs’ lard. 

Another form of the 
electrical machine, usually 
called the plate machine^ 
consists of a circular glass 
plate A (fig. 100), mounted 
upon an axis, and rubbed 
by two pairs of cushions, 
as shown at bb. The brass 
conductor c has its points 
opposed to the plate, and is 
insulated by the glass stem 
n: Efi are double pieces of 
oil- silk passing from the 
cushions to near the points. 

The whole is supported by 
a stout mahogany frame, 
and motion is given to the 
plate by the winch f. 

These electrical ma- 
chines have considerable 
power ; they are easily 
cleaned and excited, and are more portable than the c^Knders; but as 
they cannot be conveniently insulated, the negative eledrical power 
cannot be so well exhibited; for the general pm^ses therefore of experi- 
mental illustration, the former machines ^e preferable. 

When either of these electrical machines have been for some time out 
of use, they require to be thoroughly cleaned; for this purpose the con- 
ductors and cushions must be removed^ and the c^tind^ or plate cleansed 
with a little whiting and' spirit of wine; it must then wiped perfectly 
dry with a clean, warm, and soft cloth. It is a common custom to set the 
machines before the fire, but this is apt to soften their cemented joints, 
and endangers the plate or cylinder; the former especially is often cracked 
by incautious warming, and, in this case, the crack gener^ly commences at 
the axis, and gradually proceeds towards the circumference; its process 
may often be successfully checked by drilling a hole through the plate, at 
the point of the crack. . Dryness rather than warmth of the air is requisite 
for the activity of the electrical machine ; it should, therefore, be kept in a 
dry room. \^en the glass parts of the machine are perfectly clean and^ 
dry, the cushions, freshly amalgamated, may be applied; their pressure 
upon the cylinder or plate should be very m^erate, and they also should 
be dry and warm. 

, § §.•— General Phenomena of Ei^tricity op Tension. 

When the electrical machine is in good order, and the atmoqphere dry, 

‘ it produces a crackling ncise when the plate or cylinder is tur^isd, rad 
flashes and sparks of light are seen upon various i 
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from ^ eiidiioii to the ccmductor: if the ^knuckle be held near the oon- 
dnotor, sparks pass to it through some inches of air, with a peculiar noise, 
and exdte a subtly painful sensation in the part upon which toejr are 
receiyed. These, and the other phenomena we may now notice, are 
especially diaracteTistic of electricity of tension* 

It is conjectured that the cause of the light thus perceived, is toe 
sudden compression of the air or mediutti through which toe electricity 
passes, and it is always probably attended by a proportionate elevation qf 
temperature^ as is shewn by the power of toe spark to inflame spirit of 
wine, and some other easily inflammable compounds. 

In toese electrical machines, toe surface of toe glass becomes pomtire 
by friction upon the rubber or cushion, which becomes negative; and as 
the cylinder or plate is kept in progressive motion, it follows that, pro- 
vided there be a means of carrying off its positive electricity, it will 
continually receive a new supply from the rubber; if, on the contrary, 
no means of conducting 'it away be resorted to, it will perpetually 
annihilate itself by retransmission to toe cushion. But when the 
cushion is insulat^ the abduction of electricity must be very limited: 
hence, to toe full and perfect operation of the electrical machine, two 
circumstances must cb-operate ; there must be a means of nj^thdrawing 
the generated electricity from toe sur&ce of the glass, and of preserving 
the supply to the cushion: of toese, the former is effected by the opposed 
points and prime conductor; toe latter, by connecting toe cushion by a 
metallic chmn or wire with the earth. We accordingly observe, in ex- 
amining the operation of toe electrical machine, — Ist. That the electricity 
in either conductor is extremely feeble when they are both well insulated. 
2ndly. That when one conductor is unmsulated, the power of toe other 
is proportionately augmented ; in toe positive conductor, because then the 
other dra^s uninterrupted supplies ^m toe earth; and in the negative 
conductor, because toe positive freely transmits, and hence is left in a 
state rapidly to receive. 3rdly. That toe cushion and the surface of the 
« gjass are always in opposite states. 4thly. That the negative and positive 
dectrioities excited, bear precisely that relation which enables toem, when 
combined, to neuti^ze each other: in otoer words, that the deficiency 
of electricity in the one conductor, is exactly such as to be restored by 
toe redundancy in the otoer. 

' The appearance of toe electric light is modified by the density of the 
medium through which it passes. In common air, short sparks are 
straight, or nearly so, and long ones mgzag; the former are brilliant, 
espedudly at their extremities; toe latter usu^y of^ paler or redder hue. 
In |onden8e^&, toe electric spark is bright and white; in rarefied air, 
it is of a reddish tinge, and fiunt and diyid^; in the more perfect vacuum 
of a good air-pmnp it is of ^ purplish hue, and only visible in a dark 
T^oom* In a gooA Torricellian vacuum toe lig^t is faint blue; and in toe 
most perfect vacua which can be obtained, it is scarcely visible, and of a 
greenish dht In different gases, toe electric spark appears most brilliant 
in thorn which are most dense; in iiydrogen gas, it is fidnt and red; in 
carbonic acid, it is^vid and white* 

By the aid of Nainie's electrical machine, all toe phenomena of exci- 
tation,. and of attraction and repulsion, may be very conveniently studied. 
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The cenduelor attaehed to the cushion is negative^ and that opposed to 
the cylinder posiiive; the fohner, therefore, r^reaents the sealing-wax^ 
and &e latter the glass^ employed in the experiments above described. 
K we attacli two pith-balls to either condnctor, they will of course repel 
each other; but if one be attached to the negafive, and the other to the 
positive conductor, they will attract each other. If the two conductors 
be connected by a metallic wire or chain, all electrical appearances cease, 
showing that ihe negative and positive powers are exactly such as to 
neutralize or annihilate each other: and in this case, a current of elec- 
tricity traverses the wire, passing from the positive to the negative 
conductor; hence, when a break is made in it, a succession of sparks pass 
between the divided extremities. This wire, during the passage of the 
electricity through it, exhibits other and most important properties, which 
we shall afterwards have to advert to. 

Whenever a spark passes, it announces the annihilation of the 
opposite electrical states, they having beeii previously brought into 
existence by induction, llius, if I hold my knuckle near the positive 
conductor of the electrical machine, it immediately becomes negative ; 
and when these opposite states have acquired a certain degree of intensify, 
a spark passes from one to the other, and the state of excitation is at 
an end. 

It may be well here to remark, that the cases of electrical excitation 
which have now been adverted to, present us with three distinct series of 
phenomena; namely,— 1st. Those which manifest themselves by super- 
Jlcial accumulation of one or other electricity, and which is rendered 
evident by attractive powers in regard to neighbouring bodies. 2ndly. 
Those dependent upon induction^ in which there is no actual transfer, or 
communication of electricity from one body to another, but in which the 
electrical equilibrium of bodies, in the vicinity of others which are elec- 
trified, is ^sturbed, so as to exhibit upon the opposed surface, the 
opposite electricity to that of the oripnal source, and to become, when 
insulated, electropokr. Srdly. Hiose resulting from electricity in matkkj 
as when the spark is seen to pass, or when it traverses metab and other 
conductors. In the latter case, heat, Ught, chemical efiects, and mag- 
netism are its concomitants. 

There is a remarkable circumstance attending the distribution of 
quiescent electricity, which is, ftiat it belongs to surfaces only, and ia 4 K> 
far independent of quantity or mass of matter, that a hollow sphere 
receives the same charge as a solid one. We must suppose the electiicify^ 
therefore, so distributed as to form a superficial stra^m, and not to 
penetrate or diffuse itself through the interior of solids. "^Kus Coufbmb 
found that an excited globe of metal afforded no indication of electricity 
in its interior; and that an excited hollow cylinder, open at the end% 
imparted no charge to a small insulated disc, introduced into, and brought 
into contact with, its interior. The following illustration of the same &ct 
is due to Biot. He suspended a hollow metallic sphere by a i&lk thready 
and exactly covered it by two moveable thin metallic hemispherei^ which^ 
by insulating handles, could be appUed and removedT at pleasure* On 
oommnsicatmg a chairge to this q»here isi^its exterior coating, he found. 
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ttfOQr its teftiOYd, that the whole of the chaige was carried away upon 
and that the sphere remained without electricity: and again, on charpng 
the sphere, and then applying the coating, tthe whole of the electricity 
manifests itself upon the latter, and may again he carried away as before. 
This experiment requires some dexterity in its performance, hut is per- 
fectly satisfactory in its results. 

It may he concluded, therefore, that in a solid body, having the form 
of a sphere, the electric fluid is accumulated in a very thin stratum at its 
sur&ce, and everywhere equally, so that a spark, taken from any part of 
the surface, is of equal length, and the electricity has not more tendency 
to escape firom any one part than from any other; its intensity^ therefore, 
is said to he everywhere equal. 

If, however, we alter the form of the surface, we at the same time 
alter this equal distribution of electricity. In an ellipsoid, for instance, 
the greatest accumulation appears at the extremities of the longer 
axis, and there, the intensity of the electricity is at its maximum, 
and increases with the length of the axis : so that if the ellipsoid he 
Gonsiderahly elongated, the intensity is very feeble at the equator, and 
very great at the poles; and in cylindrical bodies, the greater the 
proportion of the length to the breadth, the greater will be the inten- 
sity at the extremities, or, as it is supposed, the thicker the stratum 
of electricity. Coulomb found that in a cylinder, 30 inches long, and 
2 inches in diameter, the intensity of the electricity at the ends was 
to intensity at the middle as 2.3 to 1. If the conductor be elongated 
into a point, the intensity there becomes so great as to draw to itself 
nearly the wWe of the electricity; hence, wherever points project beyond 
the general surface, there is a tendency in the electricity to pass off. 
The tendency, therefore, of the electric fluid to pass off from surfaces, or 
in other words its pressure against the air, is considered proportional to 
the square of its quantity: so that, if the electric accumulation at four 
different parts of a conductor be as 1, 2, 3, and 4, the pressure against 
the air'at those parts will be as 1, 4, 9, and 16. 

§ 7 - — ^Illustrations of Electrical Attraction, Repulsion, and Induc- 
tion, AND of the Influence of Points. 

The statement of frets respecting electrical 
attracti6il, repulsion, and induced electricity, 
admit of many elegant and amusing illus- 
trations by the electrical machine ; the appa- 
ratus for which, 'with instructions for its use, 
will be found in most of the repositories of 
the philosophical instrument makers. 

Among the most entertaining, are the 
head qf hair^ which stands oil end wheii 
electrii^, in consequence of the repulsion 
that takes place throughout the similarly elec- 
trified hairs. A similar experiment may be 
made by placing a person upon an insulated 
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stool, in coiuiexioii with the conductor of the electrifying maflhinA ; 
hair will diverge asdn the above figure. 

The following is a sketch of the simplest form of the electrical peal 
qf bells^ which ring by the attractions and repul- 
sions of small clappers suspended between them. 

The bells are arranged as follows: a is a brass 
hook and wire by which they are suspended to 
the conductor ; b the bells attached to the wire by 
a brass chain ; c the clappers suspended by silk. 

The electricity received at a is slowly dissipated 
by the edges of the bells, the ringing of which is 
occasioned by the alternate attractions and repul- 
sions of the insulated clappers. A better arrange- 
ment consists in suspending the central bell by silk 
in the same way as the clappers, and connecting it 
with the table by the wire c. 

Dancing Jigures^ cut out of light paper, may be made to exhibit very 
ridiculous movements by a little management in turning the machine. 
For this purpose, suspend a brass plate from the conductor of the ma-* 
chine, and beneath it, at the distance of four or five inches, place, a 
similar brass plate connected with the ground ; on this put the paper 
figures ; when the upper plate is electrified, they 
rise and perform a dance by their motion between 103 

the plates. 

A good experiment illustrating attraction and 
repulsion, consists in attaching a wire, with a blunt 
point, to the prime conductor, and holding over it 
a clean dry bell-glass, the interior of which will 
thus receive a superficial charge ; if it be then set 
upon the table over a dozen pith-balls of differ- 
ent sizes, they will dance up and down in it for 
several minutes, until they have nearly carried off 
its redundant electricity. 

Among the experiments particularly illustrative of electrical induc- 
tion, we may notice the Uminous tubes and tvordsy in which a number of 
sparks are made to made to pass between small pieces 
of tin-foil, so arranged as to produce in a darkened room 
a variety of figures and devices, the luminous tube^ 
a number of si^l spangles of tin-foil are pasted spirally 
round a tube about half an inch in diameter, and within 
a very short distance of each other; upon holding the 
brass-ball a to the prime conductor of the machine when 
in good action, a beautiful succession of small sparks jb 
seen between each of the little discs of foil Now, in 
all cases, before a spark can pass, the opposite electrietd 
states inust be brought into action, and they are here 
produced by induction throughout the series of spangles, 
the pMsage of the sparks indicating the momentary anni- 
hilatiQn of the electricities thus excited. Let the following 
figures, for instance (fig. 105), represent three of the discs 
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ifuT^ iC«k podtite condiiietor, idH become polar^ as 

xL^ repieseatedbyflm lettewNandP: and fte whole 
^ series, whaterer may be their number, will be 

dimM'hito ihe saniS^te as the ebndiictm repiesented in the figure 
at page Sd8, and remabanm till the passes* 

<# The influence of points in leceiTing and canying oflF elcctridty has 
abeady been adverted to, and may be fiirther eluci&ted by the help of 
the electrical machine. If we hold a pointed wire to the prime con- 
ductor, it rapidly and silently draws off its electricity, and sparks cannot 
be from it by the knuckle, or a brass ball, while the point is in itl( 

neighbourhood; or if we attach a 
pointed wire to the conductor, there 
is the same disappearance of electrical 
accumulation; and on holding the 
hand near the point, we perceive a 
peculiar coldness, or wind, as it were, 
which has been called the electriccd 
* aura: it is even sufficient to blow 

out a candle held near it.. This arises from the power possessed by the 
point, of indefinitely augmenting the intensity of the electricity, which 
it communicates to the air, and which, conristently with the usual laws 
of repulrion, immediately passes off, or is repelled, and this rapid reces- 
rion causes current which is perceived. 

If the point itself be moveable, it will of course 
be itself repelled, and upon this principle a variety at 
ingenious apparatus has been constructed, such ah fly- 
wheels^ orreries^ and so on. A simple instance is shown 
in the annexed cut (fig. 107), In which a fly with four 
arms, each terminating in a point at right angles to 
the arm, is balanced at its centre upon a point^ wire 
stuck into the prime conductor. The escape of the 
electricity from the points, and its action upon the 
adjacent air, causes &e fly to revolve rapidly. 

If these experiments be made in the dark, it is 
observed that a point held towards the negative con- 
ductor has the appearance of giving out a brush of light 
(fig. 108) ; but when held to the positive conductor, a 
luminous star or point is all that is observed (fig. 100)» 
These appearances have been supposed to demonstrate 
the exii^teuce of an electric fluids which, in the one in- 
stance, is supposed to be escaping from^ and, in the 
other, received hy^ the point: but ^ese affections of 
light cannot be {Emitted ds proofs of the existence of 
any distinct form of matter. > * 



§ 8. — Of Induction through Glass, and of the Le?dbn Jab. 

From what has been said respecting induced electricity^ and the electrical 
accumulation dependent upon it, it will appear that the intervention of 
conductors and non-coiiductors, or imperfect conductors, is requisite to the 
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ttittenee iho phenokaeiui. Jn the caset dited, tba noii-conductiftg 
medium tBrough which U takes place is the air; we shall now show 
that mductioa maj also take place through glass^ 

For this purpose it is only necessary to excite one side of a clean, dry 
pane of glass, by rubl^ it with a pSlce of silk ; ai^ ^n'holding a feather 
or pith-1^ to the other side of the pane, it alsai^il be found strongly 
electrical. If we now examine the nature of the electricities by which 
the glass plate is charged, it will be found that the rubbed side being 
posUive^ the opposite side is negative. 

Jn the same way we may charge a plate of glass with the opposite 
electricities, by holding it to the prime conductor of the machine; in this 
case sparks will often appear to pass through the glass ; but, on removing 
it, the side which has touched the conductor will be found positive^ and 
the opposite side negative. 

As glass is a non-conductor, it is difficult to spread the electricity 

equally over its surface: this, however, may easily 

be effected by coating both sides of riie pane with^ I 

thin tin-foil to within about ap inch and a half or 
two inches of the edge, as shown in fig. 110. If 
we now communicate electricity to one side of the 
plate, the other, not being insulated, will become i 

oppositely electrical, and in tjiis way a charge will | 

be acquired by the plate: if we now, by means of 
a bent wire, make a communication between the two sides of the coated 
pane, a bright spark will pass, and the accumulated electricities will be 
immediately annihilated. 

We av^ ourselves of arrangements of this sort for the purpose of 
accumulating electricity, which may^us be accomplished to a great and 
powerful extent; but the pane of glass is an inconvenient form of appa- 
ratus for the purpose, and we usu^y substitute for ^ 
it a phial or jar, as represented in fig. Ill, coated 9 HI 

ijiside and out with tin-foil to within three or four 
^ inches of its mouth* A brass wire, surmounted by 
a knob, is then made to commui^cate with the in- lim 

terior coating, and the apparatus is ready to receive |||^H 

its charge of electricity, precisely upon the same 
principle as the pane of glass. T^his is called the 
Leyden jar or phial^ the method of arrangement =7 ^ 
having been accidentcdly discovered at that Univer- 
sity. The glass should be thin, and, as far as possible, uniform through- 
out ; for phials or jars which are very thicks or much thicker in one 
place than another, are unfit for the purpose. 

If we jQiow hold the jar by its outer coating, and present the knob 
near to the conductor^of the machine, a succession of sparks will pass 
into it, at first vezyyptfpidly, afterwards more slowly, and at length 

ceasing altogetber. The jar is then ehargedf*wA if a communicatioii 

be now made by a metallic wire, from tiie outer to the inner 
a blight spark, attended by a snapping noise, will pass from the Imnb t 
after whidi no further effect will be produced, ^ ju Iw^ng Iwm 
ditcharged. 
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The wive used for this pu’lfpose shoul^,^ mounted 
with balls at its 'ends, and is usually ealled a dis- 
ehat^er^ a; is sometimes jointed^ for the conre- 
nience of applypig it to large and small jars, and 
mounted upon a^glasl^ handle, b (figs. 112, 113). 

If, haying charged the jar, and holding its exterior 
coating in one hand, we*touch the knob with the 
other, the spark passes as before, and we perceiye a 
peculiar and very painful sensation at the wrist and 
elbows, and across the breast, which is called. the 
electric shock. It is painful for the moment only, 
and leaves little other permanent impression than 
that resulting from fear or surprise. 

In chaiging the jar as above described, if we 
keep it id contact With the conductor, and the ma- 
chine is in good action, we observe, after a time, 
that flashes of light pass across the uncoated interval, which are 
soon followed by a loud crack or explosion, and a long and brilliant spark 
passes from the wire to the coating. In this case the electricity has 
been accumulated to such a degree of intippisity, as to discharge itself 
spontaneously over the exteriK^ uncoated interval. 

To ascertain the relative charge which the jar has re- 
cdved, and its power of retaining that chaige, we employ 
the quadrant electrometer^ (fig. 114,) contrived by Henley. 
It consists of a round stem of melnl, seven or eight inches 
long, surmounted by a ball, to which is attached a semi- 
circle, most conveniei^y made of thin ivory: in its centre 
a pin is fixed, on whicn a slender slip of cane, about four 
inches long, with a pith-ball at its other end, turns freely, 
and traverses the semicircle as an index; the loweV half of 
the semicircle is divided at the edge into ninety degrees. 

When this instrument is electrified, there is, of course, a 
tendency to repulsion between the moveable ball and the stem ; the ball 
therefore recedes, and carries the indegs over the graduated circle, to a 
greater or less extent, in proportion to the intensity of the electric charge. 
The repulsion is at its maximum when the index stands at right angles 
to the stem, or at 90^ upon the scale. This electrometer may be fixed 
upon the prime conductor, or upon the knob of the jar. The latter is 
often a very convenient place for it, because, having charged the jar and 
removed it from the conductor, we see by the behaviour of the electro- 
meter homfar the jar retains its charge. 

There ate many other electrometers which are applicable to these high 
ehaxges of electricity, among which Cuthbertson's Balance Electrometer^ 
and Lane’s Discharj^ng Electrometer^ will be found j^eiy useful. lAr. 

Hams of jnvmouiii; h^ described a balflooe electrometer, {Phil. 

-Trane.^ IfflS, p. 21^)^y which the. mutual attraction of oppositely 
electrified sfii&m may be very accurately estimated and compart, and 
in eipket^enil iai wU^ it is required to charge Leyden jars or batteries 
of electricity, the unit-jar, contrived by the same 
electrician, Ainost useful piece of apparatus. 
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Ih isluiqgMfih# XAJKfteu jat many ftmiAred sparks are oVsetred to 
e&ter it, Wheil it'li &cliaiged, are all concentrated into one;, 

hence of ite Bght, the londness of the explosi<m, and the 

Ocutetiees of l9te senaatibn wluch rodneea. 

9^en the jar ia in direct cdintiiiiiicatioii whh the conductor of the 
macMne, it diminishes the intekdty of it» e2edrtc%, and consequently 
adfoUe cf a greater change in its electric state before any given resistance 
U overcome^ or force qfaitractim manifested. Thkis shown by attaching 
the quadrant electrometer to the condnetor of the machine, which, when 
turned, ihimediatelj causes jt to rise td its ftiU extent; but when the 
interior coating of the jar ia in union with the conductor, the machine 
must he turned for some time before the rise of the electrometer attains 
its maximum. 

The annihilation of positive by negative electricity, and the rererse, 
may be strikingly shown by attaching the quadrant electrometer to a 
Leyden jar, and giving it a certain ch^e — say to twenty degrees— from 
the positive conductor; then transfer it to the negative condnetor, and 
whilst apparently receiving a negative charge, the electrometer will gra- 
dually &11, and, at length, all electrical accumulation disappear: then, as 
the jar acquires its native charge, it will again rise, and may he again 
discharged by transferring it to the posititre conductor. 

The power of the Leyden phial, as a source of electrical accumulation, 
being dependent upon the opposite states of its two surfaces, it is obvious 
that one of them must always he connected with the ground, in order 
that it may acquire its charge. If we suspend a jar by it** knob (u thin 
globular jar answers best for this experiment) to the positive conductor 
of the machine, its outer coating, being surrounded by dry air, cannot 
give off any of its electricity, and consequently it will receive no charge 
so long as it remains thus insulated; but if we hold the hand near 
the outer coating, sparks >vill pass off, and the jar acquire a charge. 
This is a good experiment, illustrating the 
Franklinion theory of electricity, which 
supposes the electric fluid to ^be-^ present 
in all bodies, but to manifest itself only 
when its equilibrium is disturbed. Thus, 
when we charge a jar in the usual way, 
we add to the electricity of its interior 
coating, whilst its exterior throws off on 
equiv^ent quantity: so that the former 
becomes positive^ or and the latter 
negative^ or minus: but if the jar be in* 
sidated, the electricity cannot escape flom 
the^ outer coating, and consequently the 
jar cannot be charged. 

The Movring expeximent fanber Ulus* 
trates this position : — ^Take two Leyden jars 
of similar size (fig. 115); insulate one of 
them by fixing it upon a glass stand a, and 
place the other on the table, with its knob 
half an inch distant from the coating of 
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mimiaMii IomA of wUch should be placed at the same distaam 

ImMtha'eeaddt^of Iheinadiii^ For evny iqpark that pa^ to ^ 

ka(d> of fte first jar, &, there will be a rimilar spwk jamfromiU eoanng 
'to the knob of the second jar, c, and both jars wiB become nmilarfy and 
-equally dbavged. As, therefore^ ihe second jar is tkus diarged by sparks 
from the exterior suifiice of the first, and as their charges are 
equal, it fellows that for ereiy portion of electricity added to one side of 
the coated glass, a correspondfeg or equiyalent portion leaves the opposite 
surfru^. The preceding wood-cut shows the proper arrangement of the 
apparatus for this experiment. 

Upon this principle a jar may be charged by the transfer <f its own 
^natural electricity from one surface to the other: for instance, suspend a 
jar to the positive conductor of Nairne's machine, and connect its outer 
coating by a wire with the negative conductor or rubber, the whole being 
« in a state of insulation, so as to prerent the access of electricity from the 
earth. A few turns of the machine will charge the jar; that is, the elec- 
tricity which is thrown into its inner surface by the positire conductor, 
is abstracted from^ or supplied by, its outer surface. 

This experiment is further instructive, as showing the impermeability 
rf glass to the electric fluids for the conductor and the rubber of the 
machine are separated from conducting contact with each other by the 
thickness of the glass jar only, and a considerable accumulation of elec- 
tricity takes place, which the contact of the thinnest film of conducting 
matter, or the slightest fissure in the glass, would effectually prevent. 
When the glass of the Leyden jar is very thin, it does occasionally happen 
that it is perforated by a powe^l charge; in this case a small round hole 
is observed in the glass, and the jar is rendered useless. 

It has been said above, that a plate of glass not covered by tin-foil, 
may be charged by contact with the prime conductor: ihe metallic coatings 
therrfore^ is not essential to its charge^ but its principal use is, by its con- 
ducting power, to spread the electricity over the surface of the glass, and 
to enable it, when the discharge is made by uniting the opposite surfaces, 
to be carried off at once in a single spark. Jars are sometimes made 
with moveable coatings; these may be charged as usual, and the coating 
removed and again replaced, when it will be found that they still retain 
their electricity, which appears to adhere to the surface of the glass. 

In speaking of the different states of electricity, accumulated in the 
Leyden jar, the terms quantity and intensity are frequently used to indi- 
cate the different phenomena which it exhibits: the former implies the 
actual quantity of electricity in any body; and the latter, or the term 
iension^ signifies the state of electricity indicated by the electrometer, and 
its power oi flying off from surfaces^ and passing through a certain stratum 
of air or other ill-conducting medium. The meaning of these terms will 
be more evident when we are considering the electricity of voltaic com- 
binations: in the mean time, as regards the electricity of the machine, 
they may, perhaps, be further illustrated as follows. If we suppose a 
chaiged Leyden phial to furnish a iqpark, when discharged, of one inchm 
lei^;3t^ we Simula find that another uncharged Leyden phial, the inner 
and enter coating of wbidi were commuiiicated with those of the formers 
would, upon the same quantity of electricity being thrown in, reduce ihe 
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leiq[t]i of tile Bjfaik to hElf an inch; here, the quaniUy of electricity 
remaming the same, its intensity is diminished by one-hal^ by its distri- 
bution over the laiger sm&ce. 

It is obvious, ikd; the extension of surface alluded to in the last paia- 
graph will be attended with a greater superficial exposure to the unelec- 
crified air; and hence it might be expected, that a similar diminution of 
intensity would result from the Yicinity of the electrified sur&ce to the 
ground, or to any other body of sufficient magnitude in its ordinary or 
unexcited state. That this is the case, may be shown by diverging the 
leaves of the gold-leaf electrometer, and in that state, approaching the 
instrument with an uninsulated metallic plate^ which, when within half 
an inch of the electrometer-plate, will cause the leaves to collapse; but on 
removing the uninsulated plate, ikey vrill again diverge, in consequence of 
the electricity regaining its former intensity. The same fact is shown by 
the condensing elecirometer, (See page 245.) 

The extraordinaiy influence of the state of the air as to density upon 
the retention of electricity by sur&ces, has already been mentioned, and 
may be further illustrated by the Leyden phial, which if charged, and 
placed under the receiver of the air-pump, gradually loses its charge during 
exhaustion, and if the experiment be made in the dark, the two electri- 
cities are seen annihilating each other by flashes of light. This tendency 
of electricity to fly off from surfaces, is always greater in rare than in 
dense media, and consequently the length of the spark, or striking dis~ 
tance^ (as when a charged jar is discharged,) supposing the quantity 
of electricity to remain constant, will vary, inversely as the density ofihe 
air; and, according to Mr. Harris, the resistance to the passage of the 
chaige varies as the square of the density of the air; and Dr. Turner 
found the striking distance for the same charge greater in hydrogen than 
in air, and greater in air than in carbonic acid gas. If electricity, though 
of great intensity and small quantity, be made to pass through a non- 
conducting medium, its effects are curiously increased; and in this way 
it may be made to perforate glass ; as when we surround a pointed wire by 
wax or oil, and take sparks from it through a thin phial. The passage of 
electricity through air of different densities, and in vessels and tubes of 
different shapes, lengths, and diameters, gives rise to a number of beau- 
tiful and very interesting experiments. The good conducting power of 
flame, and the facility with which it dischaiges electricity, may also** 
probably be referred to its rarity. 

The power of the Leyden jar, in receiving and retaining electricity, is 
proportioned to its surface, but a very large jar is inconvenient, and diffi- 
cult to procure; the same end is attained by arranging several jars, so that 
by a communication existing between all their interior coatings, their 
exteriors being also united, they may be charged and discharged as one 
jar. Such a combination is called an electric^ battery^ and is useful for 
exhibiting the efiect of accumulated electricity. 

The £schaige of the battery is attended by bright light, and by acon^- 
siderable report, and if it be passed through small animals it kills tihem; 
if through fine metallic Wires, they are ignited, melted, and burned; aand 
gunpowder, cotton sprinkled with powdered resin, and a variety of other 
combustibles, may be inflamed by the same means. 

R 2 
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ihBt aoccHBpanies t}ie electric iiscbargR ia eliowa 
19 Ac fetfoialKCti of peper, the tearing of the leam of plants, aad^ of 
piaoea rf wood^ and Ac breaking otf plates of glass, ilufough or oyer which 
i$ iStiBSrie to.]iass; domical decompositions may he effectod hy it, and it 
prodncea e&ets consistent with the lawawhidi we shall after- 

yiardn point ont\ 

viWe^dbserTe, therefore, that certain attraerire, repnlsiye, and inductive 
|K>wei8 belong to electricity in a quiescent state, and that when in motion, 
itptodttces heat, light, chemical ^ects, and magnetism. 

^ 9."-4>f thb ELBcrnopHORus, and Condbnsbr. 

The elecirophf^s (fig. 116) is often used as a permanent source of elec- 
tricity, ami m^ sometimes be conveniently and economically substituted for 
Ae elestrical machine, especially in the chemical laboratory. It consists of 

two metallic plates, a Ttitb an intervening 
plate of resinous matter, b; for the latter 
equal parts of shellac, resin, and Yenice 
turpentine are generally used, the mixture 
being carefully melted in a pipkin, and 
poured, whilst liquid, into a wooden or 
metal hoop, of a proper size, placed upon 
a polished surface of glass 01 marble, from 
which it easily separates when cold; it 
should he about hsdf an inch thick, and the smooth surface being upper- 
most, the lower side should be covered with tin-foil, or attached to any 
other metallic plate ; a polished brass plate, with a glass handle c attached 
to it, is then placed upon the upper surface of the rdsinous plate, and of 
rather smaller diameter. The resin having been previously excited by 
gentle friction with a piece of diy fur, the instrument will be found to 
exhibit the following phenomena. 

Upon raising the brass plate by its insulating handle, it will be found 
very feebly electrical; replace it, touch it with the finger, and again lift it 
off by its handle, and it will give a spark of positive electricity. This pro- 
cess may very often be repeated without fresh excitation, which circum- 
stance, as well as the nature of the electrical charge, shows that the elec- 
tricity of the moveable brass plate is not direct fp derived from the resin, 
but Ihat it depends upon induction: this is more obvious by considering 

* The mtenrity of the heat produced minishing the rapidity of the progress of 
even by the common electric spark, is electricity, or using a continuous current, 
such as earily to infiame alcohol, kindle we get a variety of effects completed, of 
gas fiames, and so on; the reason why which, the excessive transiency of the 
ibis heat is not, in common cases, ob- common electric spark either from the 
served is the excessive rapidity of the machine or Leyden jar, prevents the ac- 
effect, of which, as appears from Mr. complishment. Any continuous cunwat 
Wheatstone’s ea^riments, (p. 227) the of electricity, which we can obtain by the 
term liwlimlemsota gives us but a very im- common machine, is extremely mnisi in 
perfect idea; hence it k, that the qMurk fuantity, hence the difierence between 
takeA upon the bandJIkunot thnetodum, its effects and those which we shall after- 
thoughasaccemionof sparks limited to wards witness in other oases of dectric 
the Sane $pot produces inflammarion; excitation, 
and we riiall afterwards find, that by di« 
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the upper plate^ not as in absolute contact with, but merely rery near the 
resinot^ disc, which, from the minute irregularities upon its surface, is really 
the case ; the negariye electricity, therefore, of the excited resinous plate, 
is communicated from a few points of contact to the brass plate, upon its 
first application, and then, the latter is precisely in the state of a conductor 
o]tposed to, but not touching, an electrified surface ; and consequently in 
due condition to be rendered electrical by induction, when occasionally 
uninsulated by the contact of the finger. 

With this instrument, one phenomenon of induction may be shown, 
which cannot be so well exhibited by any other; namely, the increased 
capacity, as it is sometimes called, for electricity, of the conductor under 
the influence of induction. The brass plate, when placed upon the resin, 
may be regarded as in a polar state; the lower surface near the resin 
being positive^ the upper suiface being negative. Upon touching the upper 
surface with the finger, it instantly acquires electricity, loses its apparent 
polarity, and becomes positive, giving, upon removal, a positive spark to 
any conductor. It is obvious that in this case the brass plate represents one 
end of a conductor of indefinite extent. That the quantity of electricity 
received by the plate, is equivalent to that given out, is supposed to be 
shown by the following experiment: — ^place the metallic upon the resinous 
plate, and touch the former with the knob of a X^eyden phial; then touch 
the cap of an electrometer with the knob of the phial, and it will give a 
certain negative divergence to the leaves; raise the plate and present the 
knob of the jar to it, a spark will pass; and, upon applying the jar a second 
time to the electrometer, the leaves will entirely collapse, showing the 
exact annihilation of the former negative, by the latter positive charge. 

When the elcctrqphorus is placed upon an insulating stand, its lower 
plate is always found in an opposite electrical state to the upper one, so 
that in this respect its plates resemble the coatings of a^eyden jar. 

When an insulated surface is opposed to another which is not insu- 
lated, so as to be affected by it by induction, the electricity communicated 
to the former suffers a sin^ar increase of tension or intensity on break- 
ing the induction by removing the opposed uninsulated conductor; this 
property is strikingly exhibited in the following experiment: — ^Provide a 
brass plate, three or four inches in diameter, and drop upon its lower sur- 
face three small spots of sealing-wax; place it upon a similar plate, form- 
ing the cap of the gold-leaf electrometer, from which it will be separated 
about a twentieth of an inch by the three small insulated legs of wax. 
Connect the upper plate with the ground, by touching it, and give a very 
feeble electriced cha^e to the electrometer, so as scarcely perceptibly to 
diverge its leaves; then suddenly remove 
the upper plate, by which the induction will 
be broken, and the tension of the electricity 
suddenly increased, so as to cause a very 
considerable divergence of the leaves. 

The plates employed in this experiment 
have been called condensers, ^ey are 
sometimes placed perpendicularly, as in fig. 

1 17, and the .uninsulated plate a is supported 
by a wire and joint, so as to be brought 
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as close as possible to the insii* 
lated plate 6, without touchi^; 
the latter is in communication 
with the electrometer, and having 
received its charge, the moveable 
uninsulated plate is drawn back, 
as in c, and the intensity of the 
electricity displayed. 

Sometimes i^e condenser is 
directly attached to the electro- 
meter, as shown in fig. 118: a 
the insulated plate; b the move- 
able plate in communication with 
the ground. 

The general phenomena of ^duction already explained are also illus- 
trated by this form of apparatus. 

§ 10— -Op Natural Electrical^ Phenomena. 

Having now considered electricity in relation to its most obvious and 
ordinary effects, we may proceed briefly to examine its influence as a 
natural agent. 

Electricity is called into action, upon a grand and sublime scale, in 
the production of the thunderstorm. It has been by no means satis- 
factorily ascertained to what the enormous electric accumulation that in 
such cases ensues, is to be attributed, but it is probably referable to^ a 
variety of causes, and connected with some peculiar power in masses of 
aerial vapour to receive and retain electrical charges, which do not admit 
of artificial imit£\|fon, and cannot, therefore, be satisfactorily investigated 
or explained by experiments upon a smaller scale. 

The ancients referred the phenomena and effects of the thunder-storm 
to the collision and attrition of clouds and vapours, impelled and agitated 
by violent storms and currents in the higher regions of the atmosphere ; 
and, jn more modem times, before the discoveries in electricity which 
have been noticed, subtile inflammable and sulphureous exhalations were 
supposed to exist in the air, and, by their ignition and explosion, to pro- 
duce the effects which we are about to describe. 

At a very early period of electrical science, an analogy between the 
electric spark and lightning was suggested. Mr, Grey and Dr. Wall, 
and afterwards the Abbe Nollet*, hinted much more explicitly at the 
anal(^. If any one,” says he, should take upon him to prove, from a 
weSl^onnected comparison of phenomena, that thunder is, in the hands 

nature, what electricity is in ours ; that the wonders we now exhibit 
at pleasure are small imitations of those great effects which alarm us, 
and that the whole depends upon the same kind of medianism ; diould 
it be shown that a cloud, formed by the action of the winds, by heat^ 
and by a mixture of various exhalations, is, when opposite to a teirestrial 
object, as an electrified body when at a certain distance from one that is 
not electrified, I confess, such an idea, if well supported, would afford me 

* Lemons de Physique Exp^rimentale, tome iv. p. 314. Paris. 1748. 
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infinite pleasnie, and, that it may be supported by many plausible argu- 
ments, is obvious to any one well versed in the history of electrical 
phenomena. The university of the electric matter, the rapidity of its 
action, its heat, and its activity in inflaming other bo^es ; its property of 
striking them externally and internally, even to their smallest parts ; the 
remarkable instance we have of this effect in the Leyden experiment ; 
the notion which may be legitimately adopted of the effects that might 
be supposed to arise from a much greater accumulation of electric power- 
these, and many other points of analogy which I have for some time 
meditated upon, almost induce me to believe that, in taking electricity 
as a foundation, one might form much more perfect and plausible 
hypotheses respecting the origin of thunder and lightning than any that 
have been hitherto suggested.*' 

Such are the ingenious suggestions of Nollet respecting the analogies 
between electricity and lightning, and their truth was afterwards^ amply 
proved by Franklin, who, like his predecessors, meditating upon the 
similarity of their effects, traced out forther resemblances, and at length 
hit upon the happy expe^ent of sending up a common kite to an electric 
cloud, and thus experimentally demonstrating their identity. The fol- 
lowing are the particulars of this curious discovery*. 

Franklin begins his account of the similarity of the electric fluid and 
lightning, by cautioning his readers not to be staggered at the great 
difference of effects in point of degree, since from that no fair argument 
could be drawn, of the actual disparity of their nature. It is, he says, 
no wonder that the effects of the one should so far exceed those of the 
other ; for if two gun-barrels electrified will strike at two inches distance, 
and make a report, at how great a distance 10,000 acres of electric cloud 
must strike and give its fire, and how loud must be the crash, lie then 
adds, that flashes of lightning are generally crooked and waving, and so 
is a long electric spark ; that lightning, like common electricity, strikes 
the highest and most pointed objects in its way, in preference to others, 
such as hills, trees, towers, spires, masts of ships, points of spears, &c. ; 
that it takes the readiest and best conductor ; that it sets fire to inflam- 
mable bodies, rends others to pieces, and melts the metals. Lightning, 
he adds, has often been known to strike people blind, and the same 
happened to a pigeon which had received a violent shock of electricity ; 
in other cases it has killed animals, and they have also been killed by 
electricity. 

Reasoning on these effects, and having observed that pointed con- 
ductors appear to attract electricity, he conceived that pointed rods of 
iron fixed in the air might draw from clouds their electric matter, without 
noise or danger, and dissipate it at their termination in the the 

following is his memorandum upon this subject : — The electric fluid is 
attracted by points ; we do not know whether this property be in light- 
ning, but since they agree in all particulars in which we can already 
compare them, it is not improbable that they agree likewise in this* Let 
the experiment be made” 

In the year while waiting for the erection of a spire in the Aij 
of Philadelphia, not in^gining that a pointed rod of any modoxate hei{^t 
* Bnoydnp, Brt<. Art. Electricity. 
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would answer the purpose, it occurred to him, that, by means of a com- 
mon kite, he might ^ve ready access to the higher regions of the 
atmosphere. Preparing, therefore, a large silk handkerchief, and two 
cross sticks to extend it on, he took the <^portunity of the first 
approaching thunder-storm, and went into a fidd, where there was a 
shed proper for his purpose. But, dreading the ridicule which he feared 
might attend an unsuccessful attempt, he communicated his intention to 
no one but his son, who assisted him in flying the kite. A considerable 
time elapsed without appearance of success, and a promising cloud 
passed over the kite with no effect, when, just as he was beginning to 
despair, he observed some loose threads upon the string of the kite begin 
to diverge and stand erect; on this, he fastened a key to the string, and 
on presenting his knuckle to it, was gratified by the first electric spark 
that had thus been drawn from the clouds ; others succeeded; and when 
the string had become wet by the falling rain, a copious stream of electric 
fire passed from the conductor to his hand. What were Franklin’s 
emotions upon this interesting occasion, it is not difficult to conceive : 
we are told that when he saw the fibres of the string diverge, and the 
spark pass, he uttered a deep sigh, and wished that the moment were 
his last ;” he felt that his name would be immortalized by the discovery. 

Dr. Franklin pursued these experiments with much assiduity and 
success : he erected an insulated iron rod to draw the lightning of the 
clouds into his house, and performed, with the electricity thus derived, 
nearly all the experiments for which he had before employed the common 
machine ; and that no opportunity blight be lost of making such experi- 
ments, he attached a chime of bells to the electric rod, which gave him 
notice, by their ringing, of the electric state of his apparatus. • 

In justice, however, to two French gentlemen, Messrs. Dalibard and 
Delor, we must remark, that they probably were the first who experi- 
mentally verified Franklin’s hypothesis, although the Doctor was unac- 
quainted with their proceedings. Xhe former prepared his apparatus at 
Marly, near Paris ; the latter at his house, which stood upon high ground 
in that city. M. Dalibard’s apparatus consisted of an iron rod forty feet 
long, the lower end of which was brought into a sentry-box where the 
rain could not enter, while on the outside it was fastened to three wooden 
posts by silken strings defended from the rain. This machine was the 
first that happened to be favoured by a visit from the ethereal fire. M. 
Dalibard hin^lf was from home, but in his absence had intrusted the 
care of his apparatus to one Coisier, a joiner, on whose courage and 
understanding he could depend : this person, having had all necessary 
instructions, was directed to call some of his neighbours, particularly the 
curate of the parish, whenever there should be any appearance of a 
thunder-storm; at length the event arrived, and on Wednesday, the 10 th 
of May, 1752, between two and three in the afternoon, Coisier heard a 
loud clap of thunder; he immediately«,raa to the sentry-box, and, in the 
presence of the curate and several neighbours, drew sparks from the 
conductor. A few days afterwards a successful repetition of the experi- 
ment was made by M. Delor at Paris. 

These important and interesting experiments were of course repeated 
in almost every civilized counfry with variable success: in France a 
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grand result was obtained by M. de Romas*. ^ He had constructed a kite 
seven feet hij^, and three wide, which was raised to the height of 550 
feet by a string, with a fine wire interwoven through its whole length, 
to render it a better conductor. On the 26th of August, 1756, sparks, 
or rather streams of light were darted from the string of this kite, of an 
inch in diameter, and ten feet long. 

[t/onsidering the facility, and, at the same time, the danger of these 
experiments, it is curious that they have only in one instance been 
attended by a fatal result, namely, in the case of Professor Richman of 
Petersbuigh. He had construct^ an apparatus for experiments on 
atmospherical electricity, which was entirely insulated, and with no con- 
trivance for discharging it when too stron^y electrified. On the 6th df 
August, 1753 , he was examining the electricity of this apparatus in 
company with a friend, and whilst attending to an experiment, his head 
accidentally approached the insulated rod, and a flash of lightning im- 
mediately passed from it, through his body, and deprived him of life. A 
red spot was produced upon his forehead, ins shoe was burst open, and a 
part of his waistcoat singed; his companion was for some time rendered 
senseless; the door of the room was split and tom off its hinges. 

The discovery of the identity of lighting and electricity has not been 
without its important practical results, among which we may especially 
enumerate the application of Conductors to buildings and ships, by which 
their safety during a thunder-storm is almost ensured. Franklin's original 
proposition for the purpose is that almost generally adopted; it consists in 
erecting a perfectly continuous metallic rod by the side of any building 
which it is intended to protect from the effects of lightning; the rod is to 
be pointed at each extremity, and extended above the highest part of the 
building at one extremity, .the other penetrating deep into the earth, or in 
contact with water. In establishing this safeguard no other precautions 
are necessary than to have the top of the rod well and peimanenUy pointed; 
and it is better of copper than iron, Jbecause the former does not so easily 
acquire a coating of rust^ which, being a non-conductor, might possibly 
diminish its efficacy: it is sometimes well 
to subdivide the extremity into three or 
four points: and it should be secured to 
thejside of the house in its descent, and 
penetrate so deep in the ground as al- 
ways to be in free contact with a moist 
stratum of soil; if it ends in a deep well, 
so much the better. The diameter of 
the rod should be such as amply to se- 
cure it against being melted by a sudden 
and copious flash of electricity, for which 
purpose half an inch is fully sufficient; 
and if the roof is leaded, a broad atrip cS lead should connect it with the 
conductor t. When a building is very extensive, it is as well to have a 
conductor at each end; and where a church-spire is to be protected, all 



* Miin, dea Sgavana Etranf/en^ tomeii. 
-|- It not unfrequently l^ppens that 
the iron or leaden water-pipes attached 


to houses act as exc^ent cohductoii^ 
iuid supersede the necessity of ahy 1 ^- 
cific arrangement. « 
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mmpB mi bars of metal, of any magnitude, used in its construction, 
diould hare a metallic connexion, by a strip of lead or otherwise, with 
the nearest part of the conducting-rod. A si^l building containing very 
dangerous materials, such, for instance, as a powder-magazine, is perhaps 
most prudently defended from ignition by lightning, by placing the con- 
ductor within a few yards of the building, and elevated several feet above 
it; for this purpose it may be attached to a mast or signal-post in the vicinity. 

Conductors for ships have hitherto keen, made moveable, with the 
intention of occasionally attaching them to the mast during dangerous 
storms; the consequence of which has been, that they have generally 
remained packed up below, and are not in their place in the time of 
danger: they are also generally made of chain, which is highly improper. 
We are lately indebted to Mr. Harris for drawing the attention of the proper 
authorities to this important subject; he ju^ciously recommends fixed 
conductors, and has experimentally demonstrated their safety and value. 

Persons not otherwise nervous or timid, often experience particular 
sensations of alarm and discomfort upon the approach of a thunder-storm, 
arising from some constitutional pec^arity, which perhaps renders them 
especially sensible of the influence of electricity upon the system. These 
and others are often led to inquire after the best means of safety upon 
such an occasion ; the directions to be given are few and simple. If out 
of doors, trees should be avoided; and if, from the rapidity with which the 
explosion follows the flash, it should be evident that the electric clouds 
are near at hand, a recumbent posture upon the ground is the most 
secure. It is seldom dangerous to take shelter under sheds, carts, or low 
buildings, or under the arch of a bridge. The dis^ce of twenty or 
thirty feet from tall trees, or houses, is rather an eligible situation, for 
should a dischaige take place, such prominent bodies are most likely to 
receive it, and the less elevated objects in their neighbourhood may there- 
fore escape uninjured. It is also right, daring a thunder-storm, to avoid 
livers, ponds, and all streams of watyr, for they are good conductors, and 
ihe height of a human being when connected with them is likely to 
determine the course of the discharge. Within doors we are tolerably 
secure in the middle of a large carpeted room, or when standing upon a 
doubled hearth-rug. We should avoid the chimney, for the iron of and 
about the grate, the soot that lines it, and the heated and rarefied air 
that it contains, are all conductors, and may tempt the lightning to 
descend by that channel: upon the same principle, gilt moul^ngs, ^11- 
wire8,.and extensive metallic surfaces of any description, are also in 
danger of being struck. In bed we are comparatively safe, for feathers 
and blankets are bad conductors, and we are consequently, to a certain 
extent, insulated in such situations*. 

The cellar has been sometimes recommended as a particularly safe 
place of resort, and so it often is; but we sometimes find that the base- 
ment stay of a hoioe is that which principally suffers: of Ihis the cirase 

. * When a tree Is struck by Ughtning, and the wood, where there Is mcst sap 
it often happens that it Is completety and moisture. The bark, on such oc- 
ftorlM. This arises from the electricity caslons, is often cururadtf tspreed round 
takiiig that direction whhdi best con^ the treein the liom of a inr^. 
ducts it, and whioh is between the, berk 
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is not reiy eyident, thongli it is customary to attribute it to tbe ligKfnitig 
haring p^eeded from the earth to the clouds, instead of traversing in 
an opposite direction. 

We are often told that there is no danger if a certain interval of time 
can be counted between the flash and the report of the thunder; this is 
tru^ enough; indeed, if we can count at all, we are safe. 

Where persons have been killed by lightning, it has generally come 
upon them so suddenly as to** leave no time for precaution; though it 
must also be admitted that some have sufiered from foolishly ridic^ing 
the idea of danger, and wantonly exporing themselves to the storm, 
walking out to admire its graiideur, or insisting upon opening the windows 
to look out and observe it. A severe thunder-storm is always an awful 
and dangerous phenomenon; and while, on the one hand, it is the extreme 
of folly to neglect common precaution, or to ridicule those that are 
alarmed, it is, on the other, equally weak to give way to unnecessary 
apprehensions and unjustifiable fears. 

It is scarcely necessary here to describe a^variety of amusing apparatus 
which has been constructed vrith a view to show the effects of lightning 
upon buildings, the means in which it harmlessly traverses good and 
continuous conductors, and the mischief which it produces when they are 
insufiicient or interrupted. Models of houses, powder-magazines, and 
ships, properly fitted up for these demonstrations, are sold by the philo- 
sophicri instrument-makers. 

The appearance of the heavens during a thunder-storm, the manner 
in'which the clouds assemble, and attract and repel each other, the cir- 
cumstance of their rising against the wind, and traversing the upper 
regions of the atmosphere in a variety of contrary directions, are pheno- 
mena which it is not difficult to explain by a reference to those general 
laws of electrical attraction and repulsion which have been already 
sufficiently explained.. Upon the same principle we account for the 
singularly fringed appearance of a thunder-cloud, and for the ragged 
excrescences which it projects towards the earth, whilst its upper surface is 
generally smooth and well defined. We sometimes observe that a number 
of such clouds of small dimensions coalesce into a larger one, moving 
swiftly in all directions, and darting flashes from one to the other, whilst 
the vrind rises and often blows in squalls; the lightning is more frequent 
as the clouds aggregate, and a great expanse of the heavens often appears 
in an almost continuous blaze of light. ^The thunder, at first rumbling 
in the distance, now approaches with various roaring and rattling sounds, 
and the rain often falls in torrents. 

If we watch a severe thunder-storm from the beginning to the end, 
we shall observe a singular variety in the appearance of the flashes; the 
scene is sometimes rendered awfully magnificent by their brilliancy, 
frequency, and eEtent, darting sometimes in broad and well-defined lines 
from cloud to doud, and sometimes riiooting towards the earth: thqr 
then become zig-zag and irregular, or appear as a large and rapidly-moving 
ball of fire, an appearance usi^y designated by the uninformed, a thunder^ 
hoUy and erroneously supposed to be attended by the fall of a solid body. 
The report of the thunder is modified, accordii^ to a variety of dieoiii* 
stances, depending partly upon the situation of riie observer, the natoze, 
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the oovhtiy, ani the extent of air which it traverses. ' Sometimes it 
sounds like the firing of many muskets at a short distance off; Sometimes 
like the clattering of loose boards upon each other, or the sudden emptying 
of a laige cart-load of paring-stones: in these cases it usually quickly 
follows the lightning, and is near at hand: when more distant, it rumbles 
and reyerberates, at first with a loud report, gradually dying away and 
returning at interVals, or roaring like the discharge of heavy artillery. 
In accounting for these phenomena it must be recollected, that the 
'.passage of electricity is infinitely rapid ; a discharge through a circuit of 
many miles has been experimentdly proved to be instantaneous; the motion 
of light is similarly rapid, and hence the flash appears momentary, how- 
ever great the distance ^ough which it passes. But with sound the 
case is very different; it is infinitely slower in its progress, moving only 
at the rate of about twelve miles in a minute (p. 174). Now supposing the 
lightning to pass through a space of some miles, the explosion will be first 
heard from the point of the air agitated, nearest to the spectator; it will 
gradually coine froitn the 'more distant parts of the course of the electricity; 
and last of ail will be heard from the remote extremity; and the different 
degrees of the agitation of the air, and likewise the difference of the 
distance, will account for the different intensities of the sound, and its 

apparent reverberations 
and changes. If the 
observer be equidistant, 
or nearly so, from every 
part of the flash, he will 
hear a single crash: this 
will happen if we sup- 
pose a, (fig. 120), to re- 
present the observer, 
pnd b the direction of 
the flash; which is here 
passing in an uniform 
line, as it is sometimes observed to do from a small and highly charged 
cloud. 

The common progress of lightning is, however, much less regular, 
(fig. *121^) and may be represented by the zig-^zag lines b c, the spectators 

standing at a, a, in which 
case the sound will first 
come to them from the 
nearest point, and vrill 
then seem to recede and 
again to approach, rum- 
bling irregularly as the 
sound arrives from the 
different portions of tra- 
versed air, some hearer 
and some further from 
th6m, untQ it is at length 
lost intbe'distance. ’[Ais 
imgidaiity in the pass^e of the el^tric discharge U ' sometimes so 
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considmbl% that is actually lost to the at one. moment, 

and heard again at another) and this three or four times saccessiyely in 
the same ... 

There was at one time a VsontroYersy «^ong electnciaim^^^ 
the r^ative advantages of points and.: w the construction of 
condgetors ; buV consistently Dr^^anldin's original recommenda- 
tion, points are now n]t^iversa% edPP^ It has al^ady been shown 
that t^y slowly and silently disch^e^^^^^4^ without adnntting of 
induction,, as is the caseus^ or laige eqnai, — 

fVaiiUm suggested 

one or more large flocks of cottom^ SQ^ as to reseiahle. ei^tid^^ douds. 
When a point is made to approcMm ::t^^ they cd^^ and 

quickly lose their electricity; 

preached by a ball, they ara.attrac^ towards it^ and i^ie d 
is very slowly dissipated 

Of the cause of atmospheric^ dfKStlld nearly ignorant ; it is 

true that many changes which are contmually going on upon the earth’s 
surface, and in the surrounding atmosphere, are of such a nature as are 
known to disturb the electric equilibrium; evaporation; change of states 
or form in the varieties of matter; changes of temperature; chemical 
action; ail these are sources of electrical excitation; but still they can 
hardly be adduced as offering a satisfactory explanation of the enormous 
electrical accumulation that a thunder-storm evinces. That sudden, 
violent, and extensive chemical and mechanical changes in the forms and 
states of matter, are causes by which electricity is often copiously maniv 
festcd, is shown by the flashes of lightning that accompany volcanic 
eruptions, and hy the highly electric state of the surrounding atmosphere 
that attends them. 

Another natural phenomenon, which may be referred to electric, 
excitation, is the waterspout; it appears to result from the electric at- 
traction of a mass of vapour or cloud acting upon the water beneath : it 
first causes the appearance of a hillock in the^ocean; the water is then 
drawn up in a column towards the cloud, and the cloud and rain are 
attracted towards the water. 

It occasionally happens that volcanoes suddenly break forth in. the 
sea, and sometimes in veiy deep water; and they are attended by thunder, 
lightning, and waterspouts. Of such an eruption a curious account is 
given by Captain Tillard in the Philosophical Transactions^ and of its 
general appearance and efiects some notion may be formed from the 
following wood-cut. In June, 1811, Captain Tillard, on approaching thc^,. 
island of St. Michael, observed several columns of smoke rising in the 
horizon, which proved to issue from a marine volcano about a mile off 
the north-west end of the island, whither he proceeded more ne^ly tQ.^ 
inspect the phenomena. ‘Mmagine,” he says, “an. immenise b(^y of 
smoke rising from the sea, the sui^ce of which w^ marked by iho sihn^ 
rippling of the waves, occasion^ by the slight and steady 
dental to those climates in summer. In a quiescent state it iha^ 
appea^oe of a circular doud, revolving on vimter like 
wheel, in vario^ and irregular involutions, expanding i1^ 
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the lee side, when saddeiily a column of the blackest cinders, ashes, and 
stones, woidd shoot up in the form of a spire, rapidly succeeded by others, 

each acquiring greater 
Telocity, and breaking 
into various branches, 
resembling a group of 
pines; these again form- 
ing themselves into fes- 
toons of white feathery 
smoke. During these 
bursts, the most vivid 
fashes of lightning con- 
tinually issued from the 
densest parts of the vol- 
cano, and the columns 
rolled off in large masses 
of fleecy clouds, gradu- 
ally expanding them- 
selves before the wind .in 
a direction nearly horizontal, and drawing up a quantity of waterspouts,^ 
which formed a striking addition to die scene. In less than an hour a 
peak was visible, and in three hours from the time of our arrival, the 
volcano then being four hours old, a crater was formed, twenty feet 
high, and from four to five hundred feet diameter.’* 

llie account then goes on to state, that the eruptions were attended 
by a noise like the firing of cannon and of musketry intermixed, as also 
with shocks of earthquakes sufficient to throw down a large part of the 
cliff on which the observers stood; it is, however, principally to the 
lightmngWiiL to the waterspouts that 1 would here direct^he readei^s 
attention. Captain Tillard ^erwards visited the volcanic island: it was 
eighty yards high; its crater upon the level of the sea was full of boiling 
water; it was about a mile in circumference, and composed of porous 
dnders and masses of stone. 

The Aurora Borealis is another natural phenomenon, probably con- 
nected with or dependent upon electricity; its appearances, indeed, may 
be, to a certain extent, imitated by artificial electricity, which, when it 
passes through rarefied air, exhibits a difiused luminous stream, having 
much resemblance to the characteristic appearances of the Uorthem 
hghts. ^ There is,” says Mr. Singer, ^^tbe some variety of colour and 
intensiQr ; the same undulating motions, tuid occasional coruscations ; the 
streams exhibit the same diversity of diaracter, divided at one moment 
. into minute ramifications, and at another beaming forth in one body of 
B^t^ or passing in distinct broad flashes; and when the rarefaction is 
consi^trable, various parts of the stream assume that peculiar glowing 
colour which occarionedly appears in the atmosphere, and is regarded by 
^ unmJbem^ obsmrer with astonishment and f^ 

The affisetikms of the magnetic needle and of the electrometer during 
the appearance of the Aurora, as well as other phenomena connected 
with it, have bem nciticed by severat eminent phUosophers. Ha]% and 
Dalton directed the attention of meteorologists to tins subject;^ and more 
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lately, Captain Franklin ha3si added materidi information upon it*; k has 
also been accurately described by Captain Pany, who had ample oppor- 
tunities of obsening it in great perfection and splendour, during his 
perilous voyages in search of a north-west passage from the Atlantic to 
the Pacific. 

this country the Aurora Borealis has of late years been rarely 
observed. On the 13th of October, 1792, it appeared in great brilliancy; 
and an account of it, from which the following extract is taken, has be^ 
given by Mr. Dalton in his Meteorological Eseays. The r^er may also 
consult the description given by khr. Kendall t of the Aurora which 
appeared here in October, 1829. 

Attention was first excited,* says Mr. Dalton, ^^by a remarkably 
red appearance of the clouds to the south, which afforded sujfident light 
to read by at eight o’clock in the evening, though there was no moon nor 
light in the north. From half-past nine to ten there was a large, 
^minous, horizontal arch to the southward, and several fikint concentiic 
arches northward. It was particula|j|y ^priced, that all the arches 
seemed exactly bisected by the plane of the magnetic meridian. At 
half-past ten o’clock, streamers appeared very low in the south-east, 
^running to and fro from west to east ; they increased in number, and 
began to approach the zenith, apparently with an accelerated velocity; 
when, all on a sudden, the whole hemisphere was covered with them, 
and exhibited such an appearance as surpasses all description. The 
intensity of the light, the prodigious number and volatility of the beams;, 
the grand intermixture of all the prismatic colours in riieir utmost 
splendour, variegating the glowing canopy with the most luxuriant 
and enchanting scenery, afforded an awful, but, at the same time, the 
most pleasing and sublime spectacle in nature. Every one gazed with 
astonishment, but the uncommon grandeur of the scene only lasted about 
one minute; the variety of colours disappeared, and the b^ms lost their 
lateral motion, and were converted into the flashing radiations. 

Notwithstanding the suddenness of the effulgence at the breaking 
out of the Aurora, there was a remarkable regularity in the manner; 
apparently a ball of fire ran along from east to west with a velocity so 
great as to be barely distinguishable from one continued train, wUch 
kindled up the several rows of beams, one after another; these rows were 
situate before each other with the exactest order, so that the bases of 
each ro^ formed a circle crossing the magnetic meridian at right angles: 
and the several circles rose one above another, so that those near the 
zenith appeared more distant from each other than those near the horizon^ 
a certain indication that the real distances of the rows were neariy the 
same." 

This Aurora continued for several hours; there were many meteovSi 
or falling stars, seen at the same time, but they appeared to be bdow, 
and unconnected witili the Aurora. 

During Captain Pan/s voyage, he had numerous opportuxiiriet'^ 
witnessing the Aurora in uncommon magnificence. The fbttowii% 

* Joumeif to the Shorei qfthe Polar Sea^ Appendix. 

t Quarterlif Journal. 
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m abstract of his description of its appearance on the 14th of December, 
1821* 

The Aurora began to show itself as soon as it was dark. Innu- 
merable streams of white and yellowish light occupied the heavens to the 
southward of the zenith, being much blighter in the south-east, from 
whence it* often seemed to emanate. ^ Some of these streams were in 
right lines, others crooked, and waving in all sorts of irregular figures, 
moving with inconceivable rapidity in various directions. Among them 
"might firequenfiy be observed Sorter bundles of rays, which, moving even 
widi greater velocity than the rest, have acquired the name of ^meny 
dancers.^ In a short time the Aurora extended itself over the zenith 
about half way down to the northern horizon, but no further, as if there 
sometjung in that quarter of the havens whu^ it did not dare to 
apprcMsdi* About this tim^, however, some long streamers shot up from 
the borizon in ike north-west, which soon disappeared. While the light 
extended over partof the northern heavens, th^ were a number of rays 
assumi^ a circular or radi||ed form near the zenith, and appearing to 
have a common centre near that point, from which they all diverged. 
The light of which these were ^mnposed appeared to have inconceivably 
rapid motion in itself, though the form it assumed, and the station it 
occupied in the heavens, underwent little or no change for perhaps a 
minute or more. This effect is a common one with the Aurora, and puts 
one in mind, as far as its motion alone is concejned, of a person holding 
a long ribbon one end, and giving it an undulatory motion through 
its whole length, though its general position remains the same. AVlien 
the streams or bands were crooked, the convolutions took place indiffer- 
ently in all directions. The Aurora did not continue long to the north 
of the zenith, but remained as high as that point for more than an hour; 
after which, on the moon rising, it became more and more faint, and at 
half-past eleven was no longer visible. 

The colour of the light was most frequently yellowish-white, some- 
times greenish, and once or twice a lilac tinge was remarked, when 
several strata app^ed as it were to overlay each other by very rapidly 
meeting, in which case the light was always increased in intensity. The 
electrometer was tried sever^ times, and two compasses exposed upon 
the ice during the continuance of this Aurora, but neither was perceptibly 
affected by it. We listened attentively for any noise which might 
aocoifipanylt, but could hear none, but it was too cold to keep^’the ears 
uncovered v^ery long at one tiifte. The intensity of the light was some- 
thing greater than that of the -moon in her quarters. Of its dimming the 
stars Aero cannot be a doubt. We remarked it to be in this respect like 
drawing a gauze veil over the heavens in that part, the veil being most 
thick when two of the luminous sheets met and overlapped. The phe- 
nomenon had all the appearance of being full as near as many of the 
clouds commonly seen, but therf were none of the latter to compare them 
with at the time.'' ^ * 

My object in the aWe extracts has been to give an account of those 
appearances of the Aurora which seem^to connect them with electricity, 

* Second Vopagefor the Dieooverjf oJa NoHh^Weet Paseage^ p. 142. 
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and though Captain Party ngfther^ obserred the electrometer not the 
magnetic needle to be influenced, Captain Franklin* remarked them 
both to be affectedly ‘^^Ifainie, Gayallo, and others, have described a 
peculiar hissing noise as one of tiie accompaniments of the Aurora; and 
Dr. Halley, m his description of a ^remarkable Aurora t, ascribes its pro- 
duction to the dame influence as that which produces magnetism; and 
Beccaria conceiyed^the phenomena of magnetism to be dependent upon a 
circulation of the electric fluid from north to south, originating from 
seyeral sources in the northern hemisphere. 

All meteors were at one time considered as deriyed from electricity ; 
but the showeiH .of stones by which many of them are accompanied show 
that they must often be ascribed to other sources. There can, howeyer, 
be little doubt that what are termed falling stars are of electric origin. 
These yary a little in size and colour, moying in yarious directicms, but 
chiefly appearing to shoot towards the earth. They are most common in 
those states of the atmosphere fayourable to electric accumulation, espe- 
cially on clear frosty nights, or when the sky is cloudless a^id the wind 
easterly; in the clear interyals 6f a showery eyening, and on summer 
nights, when well-defined clouds are floating in a serene atmosphere. 
They are also common during the preyalence of the Northern Lights, 
appearing then to be lower than the Aurora ; and from their comparatiye 
brilliancy, probably moying through a more dense medium. 

The appearance of a shooting star may be ^curatelr imitated by 
discharging a Leyden jar through an imperfectly exhausted glass tub^ or 
air-pump receiyer. The tube should be capped mth brass at both ends, 
and about three feet long and an inch in diameter; if too perfectly 
exhausted the spark passes in a diyided and pale stream of light, but on 
admitting a little more air it trayerscs in the form of a bright flash or spark, 
f It appears from the best conducted experiments on atmospheric elec- 
tricity, tW in the usual state of the atmosphere it is generally poskive^ 
but that it frequently changes to negative upon the first appearance of 
rain, snow, or hail. The approach of clouds often Influences the electricity 
pi the conductor, so as to produce alternations of the two electricities. 
There appears, as might be expected, to be a greater accumulation of 
electricity in the atmosphere during the presence of regular thunder- 
clouds, than at any other period ; a driying fog accompanied by small 
rain, a fall of snow, and a smart shower on a hot day, are also attended 
by powerful sign^ of electric excitation, fioi weather succeeding wet, or 
wet weather following a series of dry days, are also fayourable circum- 
stances for the generation of atmospheric electricity. The atmosphore is 
least electrical during the preyalence of north-easterly winds, and in that 
state which produces a disagreeable sensation of dryness and of cold 
without a corresponding depression of the thermometer. It has also been 
remarked, that the usual poijitiye electricity is weakealt during the night; 
that it increases with the sun-rise; decreases toward the mddle of the 
day, and again inereases as the sun declines ; it ihen again diminishes 
add remains feeble during the night: it would, therefore, seem probable 
tbat the electricity of the atmosphere is influenced by the same catsses 
that modify the distribution of moisture. 

* Jowmey to the Shoria of the Polar <S^Ai,4lpp. PUL Trans , vol. xxx. 
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Wb haTje now acquired such preliminarj information upon the subject of 
electrical excitation, and of the phenomena exhibited by electrified bodies 
in general, as may enable us to understand other cases of the production 
of this sin^ar agent. In the mean time, we may observe, tlmt scarcely 
any change in the general state cf matter is unattended by a disturbance 
of the electrical equilibrium. Thus, the disruption of solid bodies, 
changes of temperature, changes of form, are all sources of electricity; 
breaking up a mass of sugar, tearing asunder the plates of mica, cleaving 
a piece of dry wood, heating certain minerals, evaporating liquids, and 
condensing vapours, may be cited as instances; but, of all such changes, 
those resisting from chemicdl action are apparently the most important, 
and are immediately connected with those curious cases of the production 
of electricity, commonly described under the terms galvanism and voltaic 
electricity. 

In the year 1790, Galvani, of Bologna, discovered that the trans- 
mission of a small quantity of electricity through the nerves of a recently 
killed animal, produced spasmodic convulsions of the muscles: he also 
showed, that if the sciatic nerve of a frog be laid 
bare, and touched with a piece of zinc^ whilst, at 
the same time, the muscle is touched with go/d, 
similar effects to those of electricity were pro- 
duced whenever the metals were brought into 
contact^ or connected together by conductors of 
electricity: if non-conductors were used to con- 
nect the metals, no spasm ensued. Cold-blooded 
aipmals retain this kind of excitability longer 
after death than others, and they are affected by 
states of electricity so feeble as not to be indicated 
by the most delicate electrometers. A feeble 
spark, or the most trivial charge of a Leyden 
phial, produce analogous effects. These facts 
soon attracted considerable attention, and were 
followed up with much diligence and curious 
results. 

Frogs are the most convenient and susceptible 
animals for these experiments; but when they 
cwnot easily be obtained others may be substi- 
tuted. The annexed sketch (fig. 123) represents 
the legs of the bog prepared for galvanic experi- 
ments: tiie skin is removed, and the crural nerves aa are then easily 
found, by gently separating the muscles: & is a silver wire passed under 
both the nerves, for the convenience of ensuring metallic contact. A 
similar experiment may be made with a live flounder, which may 
generally be procured at the fishmonger's. Place the flounder in a plate 
upon a slip of jtfne, and put a shilling upon its back ; then, with a piece 
of wire connected with the zinc, i^e occasional contacts upon the 
dulling, and at each contact strong muscular contractions are produced. 
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According to Dr. Ure {Dictionary Art. Galvanism), the degree of 
muscnlar contraction depends upon the direction of the electric current, 
and is much greater when the zinc touches the nerve, and the copper or 
silver the muscle, than when this order is reversed*. 

In these experiments, if the separate pieces of metal be of the same 
kind, no effects are observed: to produce them, two different metals are 
those metals which are most difficultly acted upon by 
to those which are easily soluble, form, in general, the 
most powerful combination. Thus, gold and platinum produce scarcely 
any effect; hut gold, or platinum, or silver, opposed to iron, tin, or zinc, 
are very effectual. This part of the subject will, however, he more 
explicitly inquired into afterwards. 

There are many other experiments and illustrations relating to this 
subject, two or three of which may be here noticed. If a piece of silver 
he placed upon the tongue, and a piece of zinc under it, no effect is ob- 
served whilst the metals are kept apart ; but, if their ends be brought 
into contact, we immediately perceive a saline taste, and a peculiar 
sensation, somewhat resembling a very slight electrical shock ; sometimes, 
also, when the surface of the metals is extensive, a flash of light appears 
to pass before the eyes. This latter effect may be more certainly produced 
by placing one metal between the upper lip and the gums, and the other 
upon the tongue, and bringing their ends together as before. 

To account for these, and similar effects, Galvani su^osed that the 
nerves and muscles of animals were in opposite electrical s&tes, and that 
the spasms were produced in consequence of their annihilation by the 
metallic conductor. But this hypothesis was amply controverted, more 
especially by Yolta, who showed that the effect depended on the contact 
of the metals, and not upon a communication between different parts of 
the animal. He showed that contractions flight be excited by the 
application of two different metals, but^not by one only, and referred the 
effect to the electromotive power of the different metals. 

When two dissimilar metals are brought into contact, it is found that, 
after removal, very feeble electrical states may be discovered in them. 
Thus, when an insulated plate of zinc is brought into contact with one of 
silver or copper, the former is found, by the aid of a very delicate elec- 
trometer, to be in a positive state, and the latter negative^ as if a minute 
portion of electricity had passcdyront the least to the most oxidable metal. 
To this transfer, or disturbance of the electricity, Volta referred the con- 
vulsive motion of the frog's limbs, considering the nervous irritability of 
the animal as highly susceptible of such influence, and as operating ^ an 

* The phenomena mentioned in the in cases of suspended animation, from 
text, have given rise to various experi- suffocation and drowning. Dr. Ure-s 
ments in reference to the relation he- interesting account of the efiects of gal- 
. tween electricity and the vital func- vanism upon the body of a criminal, 
tions; among these res^rches, those executed at Glasgow, deserves the at- 
contained in Dr. Wilson Philip's com- tentive perusal of those who are cou- 
munications to the Royal Society, and cemed in these medical aud physiolbgi- v.; 
in his Experimental Inquiry into the citi applications of electridty; but 
Laws of the Vital Functions," are the Subject is too extensiye to he entered 
most precise. Attempts have also' been upon here m detafl. 
niade, to Rpply the stimulus of electricity 
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el^mdiy sexudble electroscope ; and the production of similar cohyulsire 
Riches by common electric sparks and shocks, wa^ adduced in favour 
of this opinion. < 

The follomng experiment has also been referred tp, as a case of 
electrical excitation, depending upon the contact of dissimilar metals : — 
Place a la^e plate of metal upon the cap of the gold-leaf electrometer, 
and sift zinc filings upon it through a copper sieve, held by a glass 
handle: the leaves will diveige with positive electricity, and the sieve 
Trill acquire a negative state. Repeat the experiment, substituting a zinc 
sieve and copper filings, for the copper sieve and zinc filings, and the 
divergence of the electrometer will be negative^ the sieve being positive. 
But vrhen we recollect by what slight causes electricity is sometimes 
made evident, it beedmes a question whether mere contact is the only 
source of its developement in these and the preceding cases; whether 
friction, change of temperature, or even, ultimately, chemical action, may 
not interfere. 

In reference, hoTvever, to these cases of supposed electrical excitation 
by the contact of different metals, it is found that the most oxidizable 
metal is always positive^ in relation to the least oxidizable metal, which 
is negative^ and the more opposite the metals in these respects, the greater 
the electrical excitation; and if the metals be placed in the following 
order, each will become positive by the contact of that which precede# it, 
and negative by the contact of that which follows it; and the greatest 
efftfet Trill result from the contact of the most distant metals. Platinum-— 
Gold — Silver — Mercury — ^Copper— Iron — ^Tin — Lead — ^Zinc — Potassium. 
Here we have strong presumptive evidence in favour of a chemical 
cause as the source of electricity, for it is not produced by the most 
dissimilar conductors either of heat or of electricity, but by those which 
are most opposed in the facility with which they are acted upon by the 
genersdity of chemical agents. 

There is another important consequence which immediately relates to 
the chemical actions^ connected wdth these electrical changcs,and of which 
the. following are simple instances: — 

1. Place a Trire of silver and one of zinc in a wine-glass of dilute 
sulphuric acid, taking care that they do not touch each other; the zinc 
only Trill be acted upon by the acid, and the silver remains perfectly 
inert. Now, bring the upper ends of the wrires into contact^ and the 
^ver Trill immediately become active; a stream of gas will be seen to 
issue from both of the trires. 

2. Fill a Trine-glass with a weak solution of sulphate of copper (Wue 
vitriol)^ and place in it a small plate of clean iron, and one of silver: the 
iron T^l soon acquire a cupreous coating, but the silver remains bright 
until brd^ht into contact of the iron, when it abo immediately becomes 
plated mth copper. 

3. When the copper sheathing is affixed to the bottom of ships with 
irck nails, their heads soon corrode and give way, but when the nails are 

of copper, nu. such destructive effect is observed: iron railings are 
sgit to be decayed and dissolved wrhen cemented into stone-work by lead; 
the effect is chiefly observed at the point of junction of the two metals: 
an iron pump put into a leaden cistern, or the junction of iron tsadi leaden 
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pipes, causes the corrosion of both the metals, but first and chiefly of the 
iron: when capper is immersed in sea-water it is soon corroded, and gives 
it a green tint; but if a piece of iron or zinc be in contact of the copper 
and the water, no such destruction ensues, the copper being protected by 
the iron. 

Before we proceed to consider these electro^chemical efiects more in 
detail) I shall describe an instrument which will serve to connect them 


with the phenomena of attraction, repulsion, and induction, already 
adverted to, and to show the direction of the electric current in these 
latter cases of excitation: it is called from its inventor, De huds electric 
column. It consists of a number of alternations of two metals, with 
interposed paper; for this purpose thin paper covered with silver leaf 
may be used, punched out into circular discs of about an inch diameter, 
and alternating with similar discs of thin zinc foil, so arranged that Ihe 
same order of succession — ^namely, zinc, silver, paper, zinc, silver, paper, 
&c., may be kept up throughout. About five hundred such alternations 
will be required to produce an active column, and they are most con- 
veniently placed in a suitable glass tube, perfectly clean and dry within, 
and surmounted at each end with a brass cap, perforated by a screw, by 
which the plates may be pressed together, and which also serve as the 
poles of the arrangement; the screw at one end being in contact with the 
zino plate, and that at the other >vith silvered paper 

If we now hold this column by one of its brass caps, and with the 
other, touch the cap of the gold-leaf electrometer, a diveigence will be com- 
municated to the leaves, which >\ill be found to be positive from the zinc 
end, and negative from the silver end of the arrangement; that end of the 
column, therefore, to which the zinc surfaces, incline, is called the posi- 
tive extremity, or pole, and that to which the silver plates incline, the 
negative extremity. 


If we place the column with each 
of its extremities in connexion with 
the electrometer, as represented in 
the annexed cut (fig. 124), one of the 
instruments will be positively^ and 
the other negatively diverged ; and 
on making a direct communication 
between the two electrometers by a 
metallic wire, the diveigence ceases, 
but again ensues when such com- 
munication is broken. 



It will be found convenient in 


experiments with this column, to 

employ two, each containing 500 discs; these may be united end to end, 
so as to form one continuous arrangement. If we examine into the state 
of the electricity thus excited, we shall find it resembling that of a con- 
ductor under induction: that is, there is a positive and a negative pole. 


* Analogous arrangements were made who used discs of paper, gilt or sfiye^ 
by Hachetto and Dcsormes w^t^ pairs on one side, and covered on the other 
of metallic plates, separated by layers of with a mixture of black oxide of 
paste mixed with salt ; and by Zamboni, ganese and honey. 
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and a central point, which exhibits no electricity; upon making a com- 
munication between either end of the column and the ground, the elec- 
tricity of the opposite end becomes proportionally exalted. 

In the experiments we are now about to describe, it trill be found 
conyenient to employ an electrometer, in which each 
gold leaf is sep^ately insulated, and so arranged as 
to admit of their being brought nearer to, or carried 
further from each other. Such an instrument is 
here represented (fig. 125), where a is a glass cylinder 
- mount^ upon a brass or wooden base, h; the coyer, 
c, is a thin piece of dry and yamished wood, with a 
slit in it, in which the glass tubes, dd, slide back- 
wards and forwards, and through which, brass wires 
pass, with a slip of gold leaf attached to each of their 
lower extremities. 

If we now, haying duly adjusted the distance between the gold leayes, 
bring the zinc ends of the columns in contact with each of the wires to 
which they are attached, the leayes will repel each other; the silver enAs 
will produce a similar effect : but, if one of the gold leayes be connected 
with the •zinc end, and the other with the silver end of the column, we 
shall obserye that they immediately each other; and haying thus, 

by contact, annihilated their opposite electrical states, they separate for 
a moment, and then again attract and separate as before, a kind of per- 
petual motion being kept up between the leayes, in consequence of the 
successiye electrical charges communicated to them by the plates of the 
colunm. 

Upon this principle a yariety of amusing and curious instruments 
haye been constructed, under the name of perpetual motions: thus, a 
small clapper may be kept constantly yibrating between two bells; or a 
light pendulum between two conducting surfaces; and these motions 
will continue as long as the column retains its electric aiCtiyity, which is 
often for many months. 

If one end of De Luc’s column be collected with the interior^ and 
the other with the exterior of a Leyden jar, the jar will receiye a charge; 
its knob will powerfully affect a gold-le^ electrometer, and on discharg- 
ing it by a wire, a yery small spark will be obsenred. To obtain this 
8{^rk, or any luminous appearance, without the interyention of the jar, 
Seqmres a yeiy extensiye series of the metallic alternations. 

It will be obserred, in regard to the curious instrument which we haye 
justjbeen using, that its electrical excitement is apparent independent of 
chemiciEd action, and has therefore been considered referable only to the 
contact of the metals. In fhyour of this opinion it has been ur^ that 
wheneyer a^ chemical action is apparent in it, its electrical effects cease, 
as when the^ zinc or silyer become taniished, or the interrening papers 
d||jmp. This question we shall again feyert to; in the meantime it seires 
as ai! connecting link between the^phenomena of ordinary and volteic elec- 
tricity: we sh^ now proceed to &e further considemtioii'Df the latter. 

^ THiat is com^c^Iv called ^ k riftiple galthnic circle*' is formed by par- 
tially iihmersii^Vn’adg^ metals %W miiMe acid, and making a com- 
munication between timm, either by i&xibet c<mtact, or by WSme perfect 
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conductor; one of the metals should be easily, and the 
other difficultlj, or not at all, acted upon by the liquid, 
and the more opposite the metals are in these respects, 
the more poweiful are the electrical effects observed. 
In fig. 126, z represents a plate of zinc, and s one of 
silver, partly immersed in very dilute sulphuric acid, and 
«.in contact at their upper en^; by such arrangement a 
current of electricity appears to be put in motion, passing 
from the zinc to the acid, from the acid to the silver, 
and from the silver again to the zinc, as shown by the 
direction of the darts. 



iS aBBS 


This arrangement may be modified, by immersing the plates sepa- 
rately in the acid, and connecting them by wires, as in fig. 127 : the circuit 
will thus be extended, but the electrical current will be found moving in 
the same direction, from the zinc to- 
wards the silver, and through the wires 
from the silver to the zinc, in the di- 
rection represented by the arrows. In 
thus completing the circuit by wires, 
the electric current may conveniently 
be transferred through fluid and other 
bodies, and the circuit may be broken 
and restored at pleasure, by alternately 
separating and renewing the contact of 
the wires at A. It wiU be observed, 
that in consequence of the direction of 
the electric current in this arrangement, 
the wire b, connected with the silver 
plate, is conveying electricity to the 
wire 0 , united to the zinc plate. Hence 

B is considered as positive^ and c as 

negative. 

The above arrangement may be modified by interposing a few folds of 
blotting paper, or a piece of fla^el dipped in the acid, between the plates, 
instead of immersing them into the acid itself; or, as in the 2 
annexed sectional diagram (fig. 128), the silv^ or copper plate 
mayitself form th^ vessel for containing theacid, s represent- I 128 
ing the wire connected with the cup, and z that with the zinc I 

plate, care being taken that the plate is nowhere in metallic |l . 

contact with the cup. kH 

j^other very useful modification of this form of apparatus is the fol- 
lowing:— -o is a cup, composed of two cylinders of sheet-copper, placed 
one within the other, and closed at bottom, 

to contain dilute acid: z is a zinc cylinder ^ & ^9 

with a few pieces of cork attached to it, so 

as to prevent its touching the sides of the c r JT - < 

cup o, when introduced into its place be- . . » 129 

tween them: hh are small copper cups, ^ 

soldeied to conducting-wires, and contain- ^ j 

ing a little mercury, for the purpose of ^ . 

conveniently making and brealdng the mrcuit. 





COMPOUND GALVANIC OJECLES. 

To understand the peculiar phenomena presented by these and similar 
arrangements, it will m necessary to refer to the important distinctions 
between electricity of tension^ accumuiated upon surfaces, and manifesting 
itself by attractions and repulsions, and by dischaiges passing through air; 
and electricity in motion; the intensity of the jelecMcity produced by these 
simple circles is so trifling as to require extremely delicate instruments, or 
electroscopes, to rendei^it sensible; but its quantity is great; and, accord- 
ingly, if we make it traverse a very fine metallic wire, placed between the 
wires in fig. 128, or between the cups bb^ fig. 129, the wire will become 
hot, and often ignited; a spark will pass between two charcoal points; 
the galvanometer will be powerfully deflected; and certain compound 
substances, made part of the circuit, will be ^decomposed: here, then, we 
have, as evidences of the current of electricity above alluded to, the pro- 
duction of heat and light, and of magnetic and chemical effects. 

There are two circuifBtances which materially interfere with the 
quantity of electricity put into motion by these arrangements. The one 
is the size of the plates^ and the other the strength of the interposed acid; 
or, in other words, the energy of the chemical action. By increasing the 
superficial extent of the plates, the quantity of the electricity is propor- 
tionately augmented; and the more rapidly the zinc is oxidized, and the 
oxide removed, so as to expose successive new surfaces to the agency of 
the intervening fluid, the greater is the quantity of electricity which tra- 
verses the circuit. Indeed, the heating effects of a single pair of plates of 
great extent of surface is such, that instruments so constructed have been 
termed calorimotors. In an arrangement for this purpose, made under 
the direction of Mr. Fepys, at the London Institution, {Phil, Trans. ^ 
1823,) a sheet of zinc and one of copper were coiled round each other, 
each being 60 feet long and 2 wide, they were kept asunder by the inter- 
vention of hair-ropes, and suspended over the tub of acid, so that by a 
pulley they could be immersed and removed. 

In all these cases, however, the intensity of the electricity remains the 
same, or nearly the same, and to increase it, we resort to increase of the 
number of the alternations of metals and acid ; this constitutes a com- 
pound galvanic circle,” and leads us to describe the arrangement originally 
devised by Yolta, and hence termed the Voltaic pile or apparatus. 
Volta's original pile consisted^^of a number of plates of two different metals, 
alternating with moistened flannel or pasteboard, and arranged in regular 
order of succession. Zinc and copper are the metals in general use: zinc 
and silver would furnish a more active series, but the use of the latter 
metal, in extensive combinations at least, is prohibited by its expense. 

To construct the voltaic pile, take from thirty to fifty plates of coj>per, 
and ns many of zinc, from two to four inches square, and place them in 
regular order, with an intervening piece of wet flannel of ^e same size, 
tijing care that the regular succession of copper^ zinc^ flannel^ copper^ 
zinCfflannelf is kept up through the series. Having made this arrange- 
ment, connect a wire by perfect metallic contact with the lowest, or cop- 
per, and a similar wire with the uppermost, or zinc plate, having previ- 
ously sUpped a small piece of glass tube upon the wires^ to serve as an 
insulating handle; then, on bringing tibe upper wire in contact with the 
electrometer, it will diverge the leaves positively^ and^the lower wire 
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negatively^ and the Bame general phenomena will be obseryed as in De 
Luc’s column. If the fingers be thoroughly moistened, by nibbing them 
with salt and water, so as in some measure to orercome the non-conducting 
power of the cuticle, a slight shock will be perceived on touching the 
extreme wires with each'hajyl: a spark is very rarely observed, even in a 
very dark room. 

« If we now substitute a strong solution of salt iiB water slightly soured 
by muriatic acid, instead of pure water, for moistening the intermediate 
flannel, we shall not observe any material change in &e mere electrcal 
power of the pile as indicated by the affections of the electrometer: the 
shock will be a little more powerful; but a spark will be perceived, on 
bringing the poles together, more especially brilliant when t^en between 
two points of well-burned charcoal attached to the wires from the top and 
bottom of the pile. Also, if we now bring the wires from the extremes of 
the pile (which wires for this purpose should be of platinum) near each 
other, in a glass of water, gas will be extricated by each wire. Here, then, 
we observe, that the power of attraction and repulsion communicable by 
the pile, or, in other words, its intensity^ is not materially increased by 
the increase of chemical nction going on between the acid liquid and the 
plates ; but, on the other hand, the quantity of electricity, as manifested 
by the generation of light and heat, is greater than before. This effect 
will presently be more particularly adverted to. 

In the construction of the vol- 130 


taic pile as just described, much 
inconvenience results from the me- 
thod of arrangement, when the 
plates are very numerous; and the 
weight of the upper part of the pile 
presses the moisture out of the lower 
part, and renders it comparatively 
inactive. To obviate this, each pair of plates is sometimes soldered toge- 
ther, and cemented in regular order, into a well-seasoned mahogany trough, 
as in fig. 130; and the intervening cells, which are about a fou^ of an 
inch wide, are filled with water or other proper liquid, by which the ar- 
rangement is rendered active. The apparatus thus constructed is easily 
filled and emptied, and may be kept cleanly rinsing it out with water, 
after use. A wire^ in contact vrith the last zinc plate, and with the last 
capper plate, enables us, as before, to complete the circuit. 

Another form of this apparatus, and (»lled by Volta the ^ Ccuranne 
des tassesy consists in arranging a row of small glasses, (figs, l3], 



132,) containing a very 
dilute sulphuric acid (or 
other proper liquid), in 
each of which is placed a 
plate or wire of silver or 
copper, and one of zinc, 
not touching each other, 
but so connected, that 
the zinc of the first glass 
may be in* metallic con- 
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tact ^th the copper 
132 lllii^-> of the second, and the 

zinc of the second 
glass with the copper 
of the third, and so 
on throughout the 
series, as shown in 
the annexed cuts. 

Bj arrangements 
of this kind, wt can 
see what happens in 
each cell of the apparatus; and it will be observed, that when the 
extreme wires or poles m in contact^ and a current of electricity there- 
fore passing through the arrangement in the direction of the arrows, 
each wire or metaUic sui&ce immersed in the liquid is active; whereas, 
when the connexion between the poles is broken, the copper and the 
sUver cease to evolve gas, and it is much more q)aringly elicited by the 
tincu In other respects, the general properties of the apparatus thus 
atrfm[jg^d, ^lis ^ose of the other forms above described. 

^e voltaic apparatus now in most common use in the laboratory, is 
constructed upon similar principles: it consists of a trough of earthen- 
W|^^ with partitions of the same material (fig. 133). The plates, of copper 
and zinc, soldered together at one point only, and each united pair of 
plates is so arranged as to enclose a partition between them; consequently, 
there is in each cell, a copper plate connected with the zinc of an 
adjoining cell, and so on, in regular succession. Each of these troughs 
usually contains ten pairs of four-inch plates, and the connecting piece of 

t iast copper plate is elongated, so as to enable it to dip into the first 
of the next trough, wheh they are placed in rows endways to each 
other; it is there opposed to the ensuing zinc plate of another set. The 

plates are ■attached to a 
slip of baked wood, so that 
the whole ten may at once 
be lifted into or out of the 
cells. This construction, 
originally suggested by Dr. 
Babington, has many ad- 
vantages over that above 
described: it admits the 
fluid to remain inthetrough, 
while the action of the 
plates may be suspended at 
pleasure, by lifting them 
ftom the cells; when the 
plates are corroded or in- 
jured, iSasy are also easify replaced. In consequence of both St their 
surfli^ being exposed to the acid, they wear faster than the soldered 
plates ; but &en they yield a more effident arrangement. Where many 
of these troughs are employed, so as to constitute a battery of large 
dimensions, it is necessary to be extremely Mtentitb to the regular order 
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of succession tliTOUghout 'the series; if any sin^e trough be reTersed, a 
great diminution of effect is the consequence. Much care must also be 
taken respecting the communications between the troughs, to preyent the 
accidental dispL^ement of any of the junction-plates. It is well to be 
provided with a few spare pairs of plates, attached to each other by a 
sufficiently long copper strap, for the purpose of uniting the troughs, 
where their arrangement requires that ti^ey shouldr be placed at angles to 
each other. 

A considerable improvement in the^bonstnietion of this apparatui» was 
suggested in the year 1815 by Dr. Wollaston, and is now very commonly 
adopted, where it is an ob- 134 

ject to unite quantity with 
intensity. It consists in 
extending the copper plate, 

. so as toopposeit to bothsur- 
ffices of the zinc, as shown 
in the annexed sketch (fig. 

134), where a Tepresents 
the W of wood to which 
the plates are screwed; bb 
the* zinc plates connected 
as usual with the copper 
plates 00 , which are dou- 
bled over the zinc plates, 
and opposed to them upon 
all sides, contact of the sur- 
faces being prevented by 

pieces of wood or cork placed between them, whi<^ keep the i 
one-fourth of an inch asunder. Twelve t]n>ughs upon this construdlbn 
will be found sufficient for all the ordinary experiments and illustrations 
in which the voltaic apparatus is used, and the plan supersedes the 
necessity of being, provid^ with batteries of large plates. 

Many other forms of the voltaic apparatus tli^ those wMch 1 have 
described have been suggested, but although some^of them afO'prrferable 
for particular purposes, none, for general <^venienee and 'permahency of 
action, come into competition with the lasl-mentioned arrangement: ^Mr. 
Faraday has described an improved form of the voltaic battery in the 
tenth series of his experimental researches in electricity (PAt7. Pranr., 
1835), it is similar to that suggested by Dr. Hare (PAtl. hxm. 

241), and in that, as well as in his prOvious communication to ^ ^7^ 
Society (PhU, Pruiir., 1834), much important information resptdSn^'i^e 
principle upon which these arrangements should be constructed, lidth 
theoretical and practical wll be found*. * ^ " : 

In respect, then, to the general action of the voltaic battery, it 'mil be 
evident that the quantity and intensity of the electricity wHidi it 
manifests, will depend upon various causes ; that quantity is inoreajsed by 
extent of surface; and intensity, by number rf aUemaiions; that 
are to a certain extent augment^ by an increase mjba dienacal'lEi^on 

* See tiso another^ and apparentty I gested by Mr. Hart.rKBrewBter^8 
good fomi of the voltaic appaiatns, sug- 1 no^ iv. 19.) 
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upon ihe oxidizable plate, and consequently by the strength of the acid: 
the best charge for all ordinary purposes consists of a mixture of 
about 80 or^lOO measures of water, two of sulphuric acid, and one of 
nitric add. 

The eleciropolar state of the voltaic battery, that is, the state of its 
extremities when unconnected, resembles that of De Luc's column, and 
although the intensity of its electridty is in general feeble, it may be 
rendered evident by delicate gold-le^ electrometers, and easily by the 
form of electrometer represented in fig. 125, in which one of the leaves 
being connected with one extremity, and the other with the opposite 
extremity of the battery, will become mutually attractive. These effects 
of tension as belonging to the voltaic pile, are best observed when the 
alternations are very numerous, the troughs well insulated, the plates 
perfectly dean, and charged not with acid, but with water. This 1 had 
a good opportunity of witnessing in a large battery of 2000 double plates, 
constructed under the direction of Mr. Pepys, for the London Institution. 
When quite new and clean, it was insulated upon wine-bottles, and 
charged with river-water; it gave a powerful shock, much resembling 
that of a Leyden phial, and required some time to recharge itself; the 
sparks were feeble, but it was extremely and permanently active upon 
the electrometer, and a pith-ball attached by a thread to its positive pole 
was eagerly attracted, at some distance, by another attached to its nega- 
tive pole. But, with all this manifestation of intensity, the energies 
depending upon quantity were very feeble. 

It will be observed, tW in respect to de Luc's column (p. 261 ) as well 
as to the vpltaie battery, where single pairs of plates are frequently 
repeated, the terms positive and negative^ as applied to the zinc and 
copper or silver ends are exactly the reverse of those applied to the 
simple circle. The actual direction of the electric current is the same in 
both cases, but in the simple circle the conducting wire eommimicates 
directly ^th the plate in contact with the fluid part of the apparatus, 
while in the compound circle it is connected, not with the plate necessa- 
rily immersed, but with that associated with it, and therefore of a 
different kind. The compound circle^ reduced to its condition of greatest 
simplicity, would be represented by the following series, consisting of five 
parts, namely: 

copper — ^zinc-r-fluid— copper — zinc. . 

In this arrangement the copper end is negative, and the rinc end positive. 
By merely removing the two terminal plates, which in iact are no way 
concerned in the effect, we bring it to the state of the simple circle, 
conristiiig of 

zinc — ^fluid— copper, 

in which we find Ihe zinc end negative, and the copper positive. 

The termination of the. conductors or wires connected with the 
opposite ends of the voltaic battery, are commonly termed its positive 
and negative pdes^ a term which becomes cbjectionable when we Ascribe 
to ^em certain attractive and repulsive powers, and other effects which 
arc mult) no^ residing in ihe polcs^ bui.^ the passage 'qr 

current cS electiici^; Mr. Faraday^ therefore, observes that the poles as 
they are usually termed, are merely the sur&ees by which the electricity . 




oomes in and goes out; tliat they act simply as a path or door to the 
electric current : in place of the term po/c, therefore, he proposes that of 
electrode (from sXi*7poy and oiof a meaning thereby, that substance 
or surface, whether of air, water, or metal, which bounds the extent of the 
decomposing matter, or electrolyte, inUhe direction of the electric current. 
The place at which the electricity enters the electrolyte, he terms the 
anj^e, that at which it leaves it, cathode, in reference, if we suppose the 
current of electricity to follow the passage of the sun, (that is, to pass 
from east to west,) 'fe its rising and setting. If, for instance, we suppose 
a current of electricity traversing 

a wire in the direction of the 135 

darts in the annexed diagram, 
and entering at e, then, on sepa- 
rating the wire, at p, p* p" would ^ 

become its pcles or electrodes ^ ^ 

and p' would be the positive, or ji' 

emitting electrode, or the anelec- 

trode; and p'^ the negative or receiving electrode, or the cathelectrode. 
e' being the wire which (in common language) is connected with the 
zinc end, and v/ that connected with the copper end of the battery. 
Such, therefore, is the meaning which must be attached to the term 
poles. And supposing the chain of circles c a to represent the electrolyte, 
A would be its anode, and c its cathode. 

When a battery of about 200 double plates, constructed upon the 
principle represented in hg. 134, is put into action by a dilute aoid, com- 
posed of about 95 parts of water and 5 of nitrosulphuiS^acid, the follow- 
ing effects are perceived*. After making the communication between the 
wires from its extremities by charcoal points, a vivid light and intense 
heat are produced ; and, on slowly withdrawing the points from each other, 
a constant current of 
electricity passes be- 
tween them, through 
more than an inch of 
heated air, producing 
an arc of light of such 
intensity as scarcely to 
be borne by the unprotected eye, and of the form here represented (fig. 
136). When the charcoal points are gradually withdrawn from each 
other, in a vessel exhausted of the greater portion of its air, the effect is 
yet more brilliant; the light acquires a beautiful purple colour, £^d the 
distance through which it passes is much extended, as shown in fig. 137* 

^ The extreme intensity of the heat, in this arc of flame, is fendetbd 
evident by exposing in, it very diflGlcultly fusible substances, which readily 
melt : even substances infusible by all ordinary methods are thus liquefied. 




* A battery of the above description 
is quite sufficient for ah purposes of ex- 
periment and illustration; the large 
soriea of dOOO plates, originally con- 
structed m the Royal Institution, and 
that afterv^ds put together in the 


London Institution, were certify 
nificent instruments ; but aweU-4shaig^ 
battery of 200 to 250 plhtes^ 
Wollsstoh's obiutruction, is 
and much more miuoiageuld^ 
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When gold, silyer, 2 sinc, and copper leaf are inter- 
posed between the poles, they are ignited and burned ; 
and fine wires are heated red or white-hot, (according 
to their lengths and diameters :) with an iron-wire the 
combustion is extremely brilliant. All these efiects upon 
good conductors, depending chiefly upon quantity' of 
electricity, are most efiectively produced by large plates. 
The most formidable battery of this kind hitherto con- 
structed is described by Mr. Children. {Phil. Trans.^ 
1815.) The plates were two feet eight inches wide, and 
six feet high, the copper being opposed to both surfaces 
of the ^nc : these were properly fastened to a beam of 
wood, suspended by counterpoises firom the ceiling of the 
laboratory, so as to be readily and safely immersed into, 
or ^moyed from the cells of acid, which were twenty- 
one in number, and their united capacities amounted to 945 gallons. 
A leaden pipe, three-fourths of an inch diameter, was attached to the 
extreme plate at either end, and immersed into separate basins of 
mercury, by means of which perfect metallic contact was ensured. 
The charge consisted of a mixture of nitric and sulphuric acids, with 
thirty, or occasionally only twenty, parts of water. 

When the poles of this arrangement were united, as shown in figure 

1 3^ by a platinum wire 
eleyen-hundredths of 
an inch diameter, it 
became red-hot for a 
length of fiye feet six 
inches. In the same 
way, it ignited eight 
feet six inches of the 
same wire of forty-four 
hundredths of an inch; and a bar of platinum, one-sixth of an inch 
square, and two and a quarter long, was not only heated to bright 
redness, but fused at the end. A number of intractable and yery diffi- 
* culdy fusible substances, submitted to the high temperature occasioned 
by the discharge of this battery through charcoal., points, exhibited 
indications of the most intense heat ; but perhaps the most interesting 
results were obtained by transmitting the electricity through different 
metallic udres. For this purpose either single wires, or two wires of 
dissimilar metals, were used, of equal diameter'Und length: one end of 
each was in contact with one of the basins of mercury communicating 
witii the poles of the battery^ and the other end bent to an angle, and 
the wires connected continuously by hooking them together. The length 
of each wire was eight inches, and the diameter one-thiitieth of an inch. 

Platinum and gold being thus connected, and introduced into the 
electrical circuit, the platinum was instantly made red-hot, whilst the 
gold remained unafiected. With a similar arrangement of gold and' 
silyer wires, the gold was ignited ; the silyer not. With gold and copper^ 
both metals wmre equally boated to redness. With gdd and iron, the 
iron was ignited; the gold not affected. Alteniations of platmum and 
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flilrer throe tiiiiei npeate^ the platinum wiros were ignited, hut none 
of the 8ilyer.r 

These experiments may he made with the battery of. 200 double 
plates above described, and are extremely beautiful and instructive, 
especially the last : for this purpose select scnne fine silver and plati- 
num wire, and cut it into lengths of about two inches; then form a 
cpntinuous wire by joining these lengths endways, in alternate order, and 
suspend it in a festoon, 
between two thick cop- 
per wires, forming the 
poles of the battery, 
having previously tem- 
porarily united these 
poles by a thidc copper 
wire, as is shown at a in fig. 138, on renumng the latter, the electricity 
traverses the compound wire, and occasions the igidtion of the platinum 
portions of it only, the silver being unaffected. The object of uniting 
the poles by a thick copper wire, whilst the coinpound wire is being 
attached, is to prevent the sudden fusion of the latter at the point of 
contact, which often happens when this precaution is not taken. 

The cause of these appearances was referred by Mr. Children to the 
different conducting powers of the metals ; that platinum conducts elec- 
tricity less perfectly than silver, and that, consequently, the electric fluid, 
meeting with greater resistance in its passage through that metal, elicits 
light and heat; while, on the other hand, passing with comparative 
facility through the silver, no such effect is there observed. It is obvious 
that this explanation rests upon the supposition, that resistance to the 
passage of electricity occasions the developement of heat ; and as this 
must be inversely as the conducling poii^pr, when any two of the |dres, 
connected continuously, are placed in the circuit, that which is the worst 
conductor must be most heated ; and silver, therefore, which is the best 
conductor, is not heated red when connected with any other metal. 

The quantify and the intensity of the electricity in the voltaic pile 
are respectively modified, as has been above stated, not merely by the 
size of the plates, but by the action of the intervening liquid. When 
the zinc plates are perfectly clean, pure water produces certain electrical 
effects ; ^ese are considerably modified by dissolving common salt in it, 
or employing other saline liquids ; but the dilute acids are the best 
calculated to increase the quantity of electricity. If, for instance, we 
charge three single troughs, each of ten pairs of plates, with water, brine^ 
and very dilute nitric acid, the first will show scarcely any signs 6f 
electricity ; the second will give a feeble spark and shock ; the thM will 
ignite the charcoal points, producing a continuous star of brilliant light^ 
and give rather a more powerful sho<ek. The first will not decompciid - 
water ; the second does it feebly;' the third rapidly. It is obvious, there- 
fore, thntwith a small number of plates AtgA/y chaiged (that is, 
dilute acid), we may obtain effects equivalent to those of a larg^ seriie^" 
feebly chaiged ; the experimentalist must therefove regulate' the atredgt& 
of the charge according to the number of pUtes^ and the 
are required^ ' - ^ 




VOLTAIC BLECTHICITT. 


^ the effect of electrical iwtemityy such as fifibotiiig eleotrometem, 
shocks, chaxging*jars, decomposing 'water and saline solptioiis, and 
so forth, are, as ahoye remarked, very manifestly increased by ixtcreasing 
the number of the plates, but (the charge being in both cases the same) 
the production of quantity of electricity becomes dependent upon the size 
of the plates. Thus, if a battery composed of thirty pairs of plates, two 
inches square^ be compared with another battery o^ tlurty pairsi of twelve 
inches square^ scarcely any difference will be perceived, in their effects 
upon bad and imper^t conductors;i their powers of d^mposing water, 
and of giving shocks, will be nearly similar; but upon good conductors, 
the effects of the large plates will be very distinct from those of the small 
ones ; the spark, and arc of light between charcoal ]p(Knt% will be much 
more intense and extensive; and when tlm charge is transmitted through 
a fine platinum wire, much of it will be Iteated red hot; an effect which 
the small plates ar^ quite inadequate to produce. 

The fbllowing experiments are adduced by Sir H. Davy, as well 
illustrating these relative effects of quantity and intensity ih the voltaic 
Apparatus:— 

'Immerse the plannum wires, connected with the extremities of a 
diarged battery composed of twelve4nch plate^, into water, and it will be 
mund that the evobji^on of gas is nearly the same aSwthat occasioned by 
a similar number dhtwo-inch plates. Apply the nu^stened fingers to the 
wires, and the shock will be the same as if there were no connexion by 
the water. While the circuit exists through tlie hum^n body and through 
the water^ let a wire, attached to a thin slip of charcoal, be made to 
connect the poles of the battery, and the charcoal will become vividly 
ignited. The water and the animal substance dischaige the electricity 
<rf a surfiu^ probably not superior to their own surface «of contact with 
thejjietals; the wires and charcoal discharge all the residuary electricity 
of tffb plates; and if a similar experiment be made upon plates of an inch 
square, there will scarcely be any sensation when the hands are made to 
connect the ends of the battery, a circuit being previously made through 
water; and no spark when charcoal is made the medium of connexion, 
imperfect conductors having been previously applied. 

In the applications of the voltaic battery to the purposes of chemical 
decomposition, quantity and intensity are both, to» a certain extent, 
requisite; these are both attained in the arrangements already described. 
The chemical laboratory, therefore, should be provided with twenty-four 
to thirty troughs (of ten compound plates each,) upon that construction; 
and of these, from four to eight will generally be si^cient for the experi- 
ments we are about to describe. 

§ 12.-*-Chbmioal Effects of Electbicitx. 

The chpnical, powers of the voltaic pile were first obsqpyed in regard to 
the decomposition of water and certain saline solutions, by Messrs. 
Nicholson and Carlide, in the year 1800, {Phil^ Mag,j vlt., and'Nich. 
Jour^ 4to, iv., 183); these were then more, accurately investigated in 
1803, hf Eimger and Berzelius (Gehlen's Jour., i., 115), an^in 1807, 
G&r H. Davy coj^unicated ^ celebrated lecture ^ some chemical 
agencies of Electricity** tp me ^oyal Society, in wiSeh the electro- 
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chemical powers of the pile were elaborately examined, and which formed 
the groundwork of the brilliant discoveries to which he was soon after- 
wards led by the prosecution and extension of his researches. There 
were, however, many important phenomena, more especially those con- 
nect^ with the developement of electricity by chemical action, and with 
the theory of electro-chemical decomposition, which Sir H. Davy, and 
^others, whose researches have enlightened this difficult department of 
experimental science, either left unexplored, or insufficiently and unsatis- 
factorily explained: these have lately engaged the attention of Professor 
Faraday; and his ‘‘Experimental Researches in Electricity,” published 
in a succession of papers, communicated to the Royal ^ciety {Phil. 
Trans.y 1832, 1833, 1834, 1835,) contain the results of his labours, in 
reference to this branch of knowledge. They have not only explained 
and enlightened much that was before unintelligible and obscure, but 
have stamped a new character upon electrical as connected wdth chemical 
science ; in point of originality in devising experiments, skill in carrying 
them into effect, and perspicuity in tracing out and unravelling the com- 
plicated relations and bearings of the new truths which are elicited, he 
stands, if not unrivalled, at least unsurpassed. 

When the conducting wires from the extremes of the voltaic pile or 
battery are brought near to each other in certain liquids, such, for^in-^ 
stance, as water and saline eolations ; or, in other words, when these 
liquids are made part of the electric circuit, so that the current of elec- 
tricity passes through them, they are decomposed; that is, they yield up 
their elements in obedience to certain laws: water ^ for instance, is 
resolved into oxygen and hydrogen; and the acid and alkaline matter of 
the neutral salts, which it holds in solution, are separated. In these cases, 
the elements appear at the poles, or electrodes ; not indiscriminately, or 
indifferently ; but the oxygen and acids are developed at the anode^ or 
Surface by which the electricity enters the electrolyte; and consequently, in 
reference to the direction of the electric current, at the negative extrejnity 
of the part of the body under decomposition through which the current 
is passing : and the hydrogm^ and the alkaline bases, at the cathode^ or 
surface by which the electric current leaves the body under decompo- 
sition; and which, therefore, in reference to the direction of the current, 
is the positive extremity of the portion of the electrolyte traversed by 
the current.— (See diagram, fig. 135.) 

Whenever substances are thus electrically decomposed, their eler- 
ments ore uniformly separated at one or other electrode, and it has 
hence been assumed that the natural or inherent electricity of the ele- 
ments, is the antagonist of that supposed to belong to the surface at 
which they appear; in conformity to the general law already laid down, 
“that bodies dissimilarly electrified attract each other;” it has further 
been assumed, that the elements of compounds are held together by 
certain electro-chemical forces, more feeble than those belonging to the 
poles of the pile, and that they are consequently overcome by the superior 
power of the latter; that when substances -(or^ their atoms) are similarly 
electrical they will refuse to combine, or in fact repel each other; and 
that substances which. In their ordinary states, exhibit no mutual affinities, 
may be made to enter into combination by commhnicating to them dis-* 
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similar electrical states. How far we are justified in drawing these 
conclusions, we shall presently see. 

In classing bodies according to such electrical relations, it is im- 
portant to state those relations, without inyolving the expression of any 
hypothetical yiews, and to this end, Mr. Faraday proposes the following 
terms. All substances susceptible of direct decomposition by the electric 
current, he calls electrolytes (from iiAixIpoir, and solvo) water therefore 
is an electrolyte; and for the term electrochemically decomposes^ he sub- 
stitutes electrolysed. Those elements of the electrolyte which are eyolyed 
at the anodcy he terms anions^ and those which are eyolyed at the cathode, 
cathtons\ and when these are spoken of together, ti||py are called tans: 
thus, water when electrolysed^ eyolyes two tons^ oxygen and hydrogen, the 
former being an anion^ the latter a catkton. 

I shall now proceed to a few experimental illustrations of electrolysis^ 
or electrochemical decomposition^ and aftenvards consider the general laws 
which haye been deduced from themt. 

If two plates, or strips of platinum foil connected w^ith the opposite 
ends of the yoltaic battery, be brought near each other in a glass of water, 
a stream of gas will issue from each, which in an apparatus similar to 
fig. 140, may be collected, and submitted to examination, a is a glass 
globe with three apertures ; two of these (on the sides) arc fitted with 
corks perforated by glass tubes of such length as to 
approach the centre of the globe, and trayersed by 
platinum wires, which are flattened out into plates 
at the ends, and turned upwards, within a tenth of 
an inch of each other. The tube b is inyerted into 
the neck of the globe, which it fits loosely, so as to 
admit of the oozing of a portion of water. This 
apparatus is then filled with water; and the hooked 
ends of the platinum wires made to communicate 
with the conducting wires of the yoltaic apparatus ; 
gas immediately issues from the metallic suriaces in 
contact with the water, and bubbles up into the tube; the displaced 
water trickles out at the neck of the globe. It will be obsenred, that 



* Aviovy that which goes upwards; 
Kartov, that which goes downwardsy in 
reference to (mode and cathode already 
defined : page 269. 

f The terms positive and negative 
pole are used in iq[)eaking of electroche- 
mical action in two senses : they ore fre- 
quently employed in reference to certain 
snppos^ attractive and repulsive powers 
bSkm^ing to them> and with the same 
meaning as in i^ealdng of quiescent 
electricity: but, in reference to elec- 
tricity in motion, they refer to the sur- 
face or passage by which flie electricity 
passes into, ^d out of the body, und^ 
decomposition. In the case, for instance, 
of a current of electricity tiuveraing a 


wire or any other substance, and passing 
from east to west; if wc moke a break 
in it, the eastern side of the divided part 
becomes the positive pole, and the west- 
ern the negative pole, as may be learned 
from the diagram fig. 135. But this ex- 
planation only applies to the liypothesis 
of a single electric fluid, traversing the 
conductor in a given direction: if we 
assume two electric fluids, we must sup- 
pose, that they traverse the wire con- 
necting the poles of the battery in oppo- 
site directions, in which case, the positive 
electric fluid must be assumed, to issue 
from the positive pole, and re-enter by 
the negative; and tiie negative fluid to 
issue from the negative pole, and re- 
enter by the positive. 
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twice the quantity of gas escapes at the negative pole, or the cathode of 
the water, as compared with that at the positive pole, or at the anode of 
the water; and the tube will be found to contain a mixture of hydrogen 
and oxygen gases, in the proportion of two volumes of the former 
liberated at the cathelectrode^ or negative pote^ and one of the latter at 
the anelectrode or positive pole. If a lighted candle be brought to the 
mouth of the tube, the mixed gases explode and 
disappear, reproducing water, as we shall more 
fully show in the sequel. 

By a simple modification of this arrangement, 
the evolved gases may be collected in separate 
tubes; as, for instance, if we employ a globe with 
two orifices, (fig. 141) each having a tube so adapted 
to it as separately to receive the gas from each wire. 

It will then be seen that two volumes of hydrogen 
gas^ and one volume of oxygen gas^ are respectively 
collected in the tubes inverted over the negative 
and the positive wires. Upon the approach of a taper, the hydrogen gas 
will bum quietly with a blue lambent flame; and the oxygen may be 
recognised by immersing into it the glowing wick of a small piece of 
green taper, which will instantly kindle into flame* **. 

These experiments are here merely adduced in illustration of the 
decomposing powers of electricity; and they show, that under whatever 
circumstances water is decomposed, the hydrogen is evolved at the 
cathode, (or at the negative pole), and the oxygen at the anode, (or 
positive pole.) They are, however, further important, as establishing the 
composition of water; for, if we reduce the volumes of the gases to their 
respective weights^ we shall find that, the volume of hydrogen being ss 1 , 
the half volume of oxygen will be = 8, and, consequently, nine parts of 
water will consist of one part by weight of hydrogen, and eight parts by 
weight of oxygen, for the specific gravity of oxygen to hydrogen is as 16 
to 1. Hence another verification of the atomic theory^ in reference to the 
composition of water and the volumes of its elementary gases (p. 220.) 
Another conclusion has been drawn from this electrolysis^ or electro-chemi- 
cal decomposition of water. It has been demonstrated, that bodies ivhich 
are mutually attractive are oppositely electrical, and that when mutually 
repulsive they arc similarly electrical: now, as the hydrogen is here 
attracted by ^e negative pole, it has been inferred that its own inherent 
electrical state must be positive; and, on the other hand, the oxygen 
being attracted by the positive pole, must possess the opposite or negative 
state. Hydrogen, therefore, and all substances which pass in the same 
direction as the electric current, or which, in other words, appear as if 
repelled by positive, and attracted by negative surfaces, have been classed 
together under the term electropositive bodies; and oxygen and other 



* In making these experiments, it is 

better to employ water, to which a por- 
tion of sulphuric acid has been added, 
and by which, its transmitting power in 
regard to the electricity is much im- 


proved; the results are then more 
rapidly obtained, and by a lower power, 
but in other respects, not interfer^ with 
by the add. 

T 2 
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8iil>stances Which take the opposite direction, are called elecironegative 
bodies. 

If, instead of using pure distilled water in the experiments just 
described, we employ hard or pump-water, we shall find, that the saline 
ingredients^ always present in such water, arc also decomposed, and that 
their elements are separated according to certain laws. This may be 
more strikingly illustrated by dissolving some of known composition, 
in water, and. electrising the solution, as in the following experiment. 
Provide a piece of glass tube, bent at an angle, and placed in a wine- 
glass, to serve for its foot or support. Fill this sjrphon 
>vith the blue infusion obtained b;^inacerating the 
leaves of the red cabbage in boiling water, and put 
into it a few crystals of sulphate of soda; then 
place a strip of platinum foil in each leg of the 
syphon, taking care that they do not come into con- 
tact at the elbow of the tube, and connect one of 
these with the negative, and the other with the 
positive pole of the pile: in a few minutes the blue 
colour will be changed to greefi in the negative side, 
and to red in the positive side of the tube, indicating 
the decomposition of the salt, the alkali or soda of which is collected in 
the negative^ and the sulphuric acid in the positive side. Reverse the 
poles, and the colours will also gradually be reversed. In this and 
analogous experiments, it is found that, whenever a neutral salt is 
decomposed by electricity, the oxide or base ^s thrown off at the cathode, 
and the acid at the anode. The bases, therefore, in their electrical rela- 
tions, rank with hydrogen; and the acids with oxygen. 

The most insoluble and difficultly decomposable salts may be made to 
render up their elements in the same way. If, for instance, we substitute 
for the sulphate of soda in the preceding experiment, a little finely- 
powdered sulphate of baryta^ w'hicli is insoluble in water, baryta will be 
evolved at the cathode, and there render the liquor green; and sulphuric 
acid at the anode, rendering it red. 

These experiments may be instructively varied as follows : — ^fill two 
wincrglasses, connected together by a syphon of laige bore, with the 
blue infusion, containing a little sulphafe ,qf 
soda dissolved in it, and invert in each glass a 
tube of the same solution, into the upper ends 
of which platinum wires, terminating in long 
strips of the same metal, are inserted, as shown 
in %.143; connect these wires with the battery 
so as to make them the electrodes, and it will 
presently be remarked that, notwithstanding 
they are in separate vessels, the blue liquor 
will, as before, be rendered green, and- red; 
and if the experiment be continued for a suffi- 
cient length of time, the alkali of the salt will 
have passed from the side p to n, and the acid 
from N to p. The acid and alkali appear, in this case, to traverse the 
connecting syphon in opposite directions; hence it has been inferred, that 
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under the influence of electrical attraction, the usual chemical affinities 
are suspended; but &is may admit of another explanation. 

The decomposition of sulphate of 
baryta may be eiffected in the same 
way: for this purpose, provide two 
insulated discs, or very shallow cups 
of« platinum (fig. 144), onei of which 
is to be put into communication with 
the negative, and the other with the 
positive end of the pile; place upon 
eaoh of these a few grains of finely-powdered (artificial or precipi- 
tated) sulphate of baryta, moistened by a drop or two of water, and 
connect the discs (which should be within half an inch of each other) 
by some filaments of wet cotton a. In a few minutes baryta %vill be 
apparent to test-papers at the negative disc, and sulphuric acid at the 
positive*. 

In some of his experiments on these electrical transferences. Sir II. 
Davy employed vessels consisting of the substance to be decomposed. 
Two small cups of gypsum (sulphate of lime), for instance, were filled 
with water, and united by moist cotton; they were rendered negative 
and positive by placing one pole of the pile in each cup; the negative 
cup soon was found to contain a solution of lime, and the positive cup 
free sulphuric acid. 

In some experiments thus conducted, where distilled water was em« 
ployed, and vessels of glass, a considerable quantity of acid and alkaline 
matter was elicited; this was afterwards traced to the decomposition of 
the glass, which contains alkali, and is not free from foreign salts: to 
avoid this source of error, therefore, he electrized distilled water in two 
vessels of gold, properly connected, tlius emplo 3 ring a material which 
could not furnish impurities to the water; still, however, alkali and acid 
made their appearance. This evolution of foreign matters by the elec- 
trization of apparently pure water, had been observed by others; and 
their appearance was, by some, referred to a power supposed to be pos- 
sessed by electricity, of generating the matters evolved; it was even 
imagined that water might possibly be a simple or elementary body, 
capable of forming an acid in union with positive electricity, and an 
alkaH with negative electricity. In reviewing these and other opinions, 
it occured to Davy, that the water, although carefully distilled, and ap- 



* These experiments led Sir H. Davy 
to suppose that one substance might he 
electrically attracted through another, 
possessing a strong chemical attraction 
for it, as in the following arrangement : — 
three small platinum trays, about an inch 
square, were placed side by side, and 
connected with each other by shreds of 
well-soaked cotton; care was taken to 
keep them upon a level. The exterior 
vessels were then filled with solution of 
sulphate of soda, and rendered negative 
and positive ; mid the central one with 


satuthn of ammonia, which has a strong 
attraction for sulphuric acid. It was 
found, after some hours* electrization, 
that a portion of the sulphuric acid of 
the salt had passed from the negative to 
the positive vessel; and, apparently, 
therefore, had traversed the ammbniacal 
solution, but had not there stopped in 
combination, as would have been the 
case had the substances not )^n under 
the electrical influence. To ^ this expe- 
riment we shall again advert. See p. 
286 . 
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parently pure >vheii examined hy common tests, might possibly contain 
minute portions of foreign matter, rendered evident by the superior 
searching and decomposing power of electricity. lie according carefully 
redistill^ the water at a low temperature in silver vessels, and on em- 
ploying it in the above experiments, thus redistilled, it was found to 
afford much less indication of impurity; but even after all these precau- 
tions, acid' and idb^ali were sparingly evolved from it. Of this impurity, 
part was traced to the accidental contact of the hands with the apparatus 
used, the perspirable matter leaving traces of conunon salt; and now, 
aware of this source of contamination, and carefully avoiding it, there 
were scarcely any traces of acid or alkali to Im observed. These 
extraneous elements, however, notwithstanding all the precautions, were 
still peicepfible after the process of electrical decomposition had been 
carried on for a length of time; and the only probable source whence 
they could be derived was the atmosphere, the elements of which, 
by uniting chemically with those of water, might give rise to the 
formation of nitric acid and ammonia. This chemical action or com- 
bination, Davy thought, might possibly be brought about by « electric 
agency: accor^gly, in addition to all the previous precautions, he now 
conducted the experiments in the exhausted receiver of a good air-pump, 
and found that, under such circumstances of the careful exclusion of dl 
foreign agents, the water was resolved into its own elements, oxygen and 
hydrogen, only; and, consequently, that there were no grounds for sup- 
posing that any new forms of matter were producible by the union of 
electricity with other bodies. 

Another important inference was deduced from the above, and many 
similar experiments; it was obvious that electricity had the power of 
searching out and separating the minutest portions of foreign matter, and 
of overcoming the most powerful chemical attractions; might it not, 
therefore, when properly applied to different bodies, indicate the existence 
of substances hitherto unsuspected, and even lead to the knowledge of 
new elementary substances? Proceeding upon such grounds, Sir II. Davy 
submitted the fixed alkalies, which were considered at that time as simple 
or elementary bodies, to the decomposing agency of the pile, and was 
fortunate enough in this, his first trial, to obtain from them new elements: 
at the positive pole oxygen was evolved, but brilliant metallic globules 
appear^ at the negative pole, extremely inflammable, and whick were 
sliown to be the bases of those bodies. Ihe names potassium and sodium 
were given to these new and singular metals; and by analogically applying 
these phenomena of the dccompo^tion of the alkalies to that of the earths^ 
also then on the list of elements, they likewise afforded evidence of 
decomposition, and, like the alkalies, were shovm to be combinations of 
peculiar metals with oxygen. Many other discoveries have been the 
result of this new mode of research; but these, as well as the above, 
will be more fully dwelt Upon afterwards. 

In all primary electro-chemical decompositions, the elements of com- 
pounds are evolved with uniform phenomena either at the anode or 
cathode of the electrolyte, and hence have been usuidly, but incorrectly, 
stated to be attracted to one or other pde^ and upon the supposition of such 
attractions, and in reference to that law of electrical action which teaches 
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that bodks dUsimUarly electrified attract each other, it has been assumed 
that the elements evolved at the anode (or apparently attracted by the 
positive pole) ^rere inherently negative^ and those evolved at the cathode 
(or attracted by the negative pole) inherently positive; hence their 
division into electro-negative and electro-positive bodies, or, in Faraday's 
terms, in aiiions and ctUkions, Li the present state of oiir chemical 
•knowledge, the elementary or simple bodies may be i^garded as about 
fifty-four in number; of Ihese, five are usually termed supporters of com- 
bustion^ eight are nm-metaUic combustibles^ and the remaining forty one 
are metals^ or substances of which we hitherto know too little to enable 
us to separate them from that class, five former bodies, when 
evolved f^m their combinations by electrolytic action, make their appear- 
ance at the anode (or positive pole); the others, are usually observed at 
the cathode (or negative pole), as are also the metals. But it frequently 
happens that the evolution of a substance at the electrode is a second^ 
effect; sulphur^ for instance, in the decomposition of sulphuric acid, is 
evolved at the negative pole, not by direct electrolysis, but in conse- 
quence of the action of the nascent hydrogen; and wherever sulphur 
is obtained by primary electrolytic action from a compound containing 
it, it is evolved at the anode, or positive pole; hence, in classifying the 
elements according to their electrical relations, this distinction must be 
carefully observed. It is also necessary to guard against the combination 
of the substance evolved (or ton), with the electrode; hence the great 
advantage of platinum electrodes, that metal being acted upon by few of 
them. 

The following table of simple and compound tons has been drawn up 
by Mr. Faraday: — 

Akioks. 


Oxygen] 

Cyanogen 

Phosphoric acid 

Citric acid 

Chlorine 

Sulphuric acid 

Carbonic acid 

Oxalic acid 

Iodine 

Selenic acid 

Boracic acid 

Sulphur 

Bromine 

Nitric acid 

Acetic acid 

Selenium 

Fluorine 

Chloric acid 

Tartaric acid 

Cathions. 

Sulphocyanogen 

Hydrogen 

Tin 

Mercury 

StronUa 

Potassium 

Lead 

Silver 

Lime 

Sodium 

Iron 

Platinum 

Magnesia 

Lithium 

Copper * 
Cadmium 

Gold 

Alumina 

Barium 


i 

1 

1 

Strontium 

Cerium 

Ammonia 

Quima 

Calcium 

Cobalt 

Potassa 

Cinchonia 

Magnesium 

Nickel 

Soda 

Morphia 

Manganese 

Antimony 

Idthia 

Vegeto-alkalis gene- 

Zinc 

Bismuth 

Baryta 

rally 


Analogy leads us to presume that all simple bodies are ^ms; but ^ 
has not yet been experimentally proved in regard to carbon,^ phosjphoiMipii 
nitrogen, silicon, boron, and duminum: several compound bodies, anal 
amongst them alumina and silica, are in the same uncertainty. 

The decomposition of water shows the separation of oxygen at the 
anode (or positive pole) ; that of the olher, atfions (or electron^iives), 
may be exhibited as follows; and for these, and many other of th^ expe- 
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riments of decomposition, the annexed form of apparatus, fig. 145, ivill be 

found useful. Itisacellofplate- 
glass, made by cementing five 
pieces tc^ether with transparent 
varnish, and supporting them 
upon a wooden foot, into which 
they are fisistened. The cell is 
about five or six inches long, 
and about an inch broad, and 
may be divided into two parts, by the insertion of the temporary dia- 
phragm a, which is a small frame of cane with muslin latched over it. 
When this is in its place, a separate electrode may be introduced on each 
side of it: they may most conveniently consist of two pieces of thin 
platinum, about four inches long and half an inch broad. 

To show the evolution of chlorine at the anode (or positive pole), fill 
the glass cell with weak salt and water, acidulated by muriatic acid, and 
coloured blue by the addition of a few drops of a sulphuric solution of 
indigo; then introduce the electrodes, and in a few minutes the or 
anodic division will begin to lo1se colour, and at length become colourless, 
in consequence of the evolution of chlorine derived ^m the acid and salt: 
here, the presence of chlorine is rendered evident by \i^ bleaching power ^ 
which destroys the blue of the indigo. 

The presence of uncombihid iodine is announced by its property of 
striking a deep blue colour with a solution of starch. To demonstrate its 
electro-polarity, therefore, fill the cell with a very weak solution of starchy 
to which a little common salt and iodide of potassium have been*added; 
then electrize as before, and the iodine will show itself at the anode (or 
positive side) by a beautiful blue colour. 

The presence of bromine is announced in the same way by its yellow 
colour; and of fluorine by its action on glass. 

The electropositive bodies, or caihtons^ on the other hand, are evolved 
from their combinations with the anions, at the cathode (or negative 
pole) as is seen in the case of the decomposition of water, &c. There 
are many striking experiments showing the evolution of the metals at the 
cathode; and, indeed, whenever solutions of metallic salts are electrolysed, 
their precipitation at the negative electrode is more or less perfectly 
observed, according to their fisbdlities of redqption, or deoxidizemcnt. A 
plate of i^ver, for instance, when immersed into a dilute solution of blue 
vitriol (sulphate^of copper), occasions no change ; but if the silver be made 
the cathelectrode (negative electrode,) a precipitation of metallic copper 
immediately ensues. In the same way solutions of lead, tin, &c., may be 
decomposed by metals which, under common circumstances, do not effect 
their decomposition*. 

^ When, as in the preceding case, the metalsare rendered electronegative, 
or are the'cathelectrodes, in the voltaic current, they are at the same time 
rendered virtually attractive of each other, and of tiie cathions or electro- 
positive bodies in general: thus, under sui^ circumstances, the earths and 

* In' the illustrations given in the text, quently a teeondaryy and not a true or 
it is to the rsitinf, that 1 wish to direct prtfimf;y,electrolytic action, as will after- 
the reader's attention : their eauw is fre- wards be shown. 
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oxides, and the inflammables generally, ivill be attracted by, or precipi- 
tated upon them; but the same cause which renders them attractive of 
these bodies, renders them repulsive of the opposite class, that is, of the 
unions or electronegatives, among which are the bodies chiefly charac- 
terized by their corrosive and solvent action upon them. A piece of iron, 
for instance, rendered eZec/roiiega^tee, will remain bright and clean in 
water, which, under ordinaiy circumstances of immersion, would rust and 
corrode it ; but if the iron be rendered electropositive^ it then corrodes 
much more rapidly than in plain water ; that is, it is then rendered 
attractive of oxygen, acids, and the other solvent agents, of which, in the 
opposite case, it is repulsive. 

These facts led Sir H. Davy to infer, that certain metallic substances 
which, under ordinary circumstances, are not acted upon by water and 
acids, might be rendered active by communicating to them the positively 
electrical state; and, on the contrary, that such metals as are easily acted 
upon by the above-mentioned agents, might be rendered inert in regard to 
them, by giving them the negatively electrical state. This, therefore, has 
been considered as an illustration of the fact, that bodies dissimilarly 
electrified attract^ and similarly electrified repel each other. The following 
are explanatory experiments: — 

Silver is a met^ which is not acted upon by pure water, nor by salt 
and water, nor by dilute muriatic acid. But, let the electrodes consist of 
two strips of silver, and immerse these in water; it will then be found 
that the cathelcctrode (or n^ative pole) remains bright and clean, and 
is not in the least acted upon: but with the anelectrode (or positive 
pole) the case is very different; it becomes discoloured, and a cloud 
collects about it iiHIhe water, which is ojuide of silver; here, the silver is 
rendered attractive of the oxygen of the water, and enters into combination 
with it. 

If, for pure water, we substitute a very weak solution of common salt, 
or a very dilute muriatic acid, the negative silver will still remain bright, 
but the positive becomes incrusted with a white or §aiy powder, and is 
soon evidently corroded ; this arises from its being rendered attractive of 
the chlorine contained in the salt and in the acid, and the new substance 
formed is a chloride of silver. 

If we substitute for silver any more oxidizable metal, that is, any metal 
more readily acted upon by air, w ater, and acids, the effects are still more 
striking, and we then have a better opportunity of observing the utter 
non-action at the negative surface, as opposed to the increased activity of 
the positive. For instance: for the silver electrodes of the preceding 
experiment, substitute two polished plates of iron, and immerse them, 
when connected with the pile, into a weak sulphuric or muriatic acid, or 
into a solution of salt — ^liquids which, under ordinary circumstances, act 
upon and corrode iron; the negative plate, or cathelecfrode, will now 
remain bright, but the positive, or anelectrode, will be very eneigetically 
acted on, and rapidly oxidized and dissolved. 

This experiment may be varied and rendered more striking, as follows: 
— ^Fill the glass cell, fig. 145, with a weak solution of common salt in 
distilled water, to which a few drops of a solution of flerroeyanuret of 
potassium have been added, and immerse one of the .iron plates in each 
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partition; the negative dde will remdn unchanged, but the production of 
a deep blue colour on the opposite side, will presently announce to the eye 
the rapid action upon the iron that is there going on. If we substitute 
a little infusion or tincture of galls for the ferrocyanuret, the solubility of 
the iron is then shown by a black tint. 

The want of action of the cathelectrode (or negative conductor) is 
shown in these experiments, and may be more explicitly illustrated by 

following : 

Silver and copper are metals which are readily acted upon 1^ dilute 
nitric add; it dissolves them with eQervescence ; but if tl^ are plunged 
into the acid when rendered electronegative^tihej resist solvent or 
oxydizing power. 

Th^ cases, however, of the prevention of ordinary chemical action by 
the agency of electricity, admit of a more simple illustration, independent 
of the use of the pile. It has been stated above, that when a plate of zinc 
in the contact of one of copper is immersed into water, a voltaic or electric 
circuit is produced, the copper being rendered negative, and the zinc 
positive. Under these circumstances, therefore, although the zinc is more 
speedily corroded than it otherwise would be, the copper is proportionally 
protected, and resists those agents which otherwise would attack it.* This 
prevention of chemical action may be ftirther illustrated as follows : Dilute 
some nitric acid in a wine-glass with five or six parts of water, so that it 
may act with vciy moderate rapidity upon a piece of sheet^copper immersed 
into it; in the course of a few minutes the acid >vill have acquired a 
slight blue colour, from the presence of dissolved copper, wiiich may be 
rendered more striking by dropping a little of it into a solution of 
ammonia, when a deep blue colour will immediilcly announce the 
presence of copper ; but if the copper-plate be united with me of zinc, 
and then plunged into the same acid, it will be found not to have been 
acted on, the zinc only being dissolved. 

^ Again; immerse a polished plate of iron into a glass of water impreg- 
nated with carbonks acid (soda-water does very well) ; and in a few hours 
the water will be discoloured, and a portion of the iron dissolved, as may 
be shown by the black colour produced on adding a little infusion of 
galls. Now,’ tie a strip of zinc in close contact with the iron, and 
immerse the two metals into the water : after the lapse of some days, 
none of the iron will have been taken up ; indebd, it will remain as 
bright as when first put in. 

These examples, which might be numerously multiplied, furnish 
sufficient evidence of the interference bf the electrical with the chemical 
powers of matter. Sir H. Davy aimed at a veiy important practical 
application of these fiicts, as a means of preventing the corrosion of the 
coppernaiheathiiig of ships. 

It was gexierally believed that sea-water had but very little action 
up(Ri pure and well-rolled copper, and that its occasional rapid corrosion 
depended upon some impurily of the metal, or some imperfection in its 
manu&cture. It was found, however, on immersing pieces of the best 
and purest copper that coidd be procured, in sea^water, that it soon 
became covered with a green powder, and was ultimately more or less 
oxidized and corroded. It was evident that this action depended upon 
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the mutual attraction of the copper and the negative oxygen or 

acid contained in the water, and that it might, therefore, possibly be 
suspended or prevented, by communicating a negative energy to the 
copper^ which would cause^ it to repel its assailants ; and this was easily 
effected, as the previously detailed experiments teach us, by attaching 
to it any more oxidable metal, such as zinc, iron, or tin. 

« In experiments upon the small scale, it was foi^id that a piece of 
unprotected copper, immersed in a glass of sea-water, was soon covered 
by a green. powder, part of which was di8.;olTed, andL part precipitated; 
but on attaching to it a piece of zinc, and keeping the me^ thus pro- 
tected^ under sea-water, it^ remained bright, and even untarnished, for 
several weeks: of the facility, therefore, of thus effectually protecting the 
copper, there could be no doubt : but a point of great importance in 
reference to the present question was to determine the relative proportion 
which it was necessary for the protecting metal to bear to the protected. 
When the former was zinc or iron, and amounted to from one-fortieth to 
one hundred-and-fiftieth of the copper surface, the latter ipetal under- 
went no change or decay ; when the zinc was reduced to one two- 
hundredth, ^pi4 four-hundredth, there was some perceptible loss; but 
it is, to a considerable extent, effectual, where it only amounts to one 
one-thousandth. For these purposes cast-iron answers extremely well, 
and is cheaper and more durable than zinc ; for it will be remembered, 
that the protecting metal is acted upon with a rapidity directly propor- 
tional to its saving power. 

As far, therefore, as protection^ or prevention of decay is concerned, 
the above experiments are extremely satisfactory in their results, and 
seemed, at first sight, to hold out well-founded hopes of their being 
applicable upon the large scale ; but it unfortunately happens that, when 
a negative electric power is thus conferred upon the copper, so as to 
protect it from oxidizing and corroding agencies, it becomes, as above 
explained, attractive of metals and of their oxides, and, in short, of the 
whole list of cathions or electropositive bodies ; among these are the 
earthy substances contained in sea-water, such as lime, magnesia, and 
some of their compounds : these, therefore, when the plan was adopted 
upon a large scale, and a protected vessel sent to sea, were precipitated 
or deposited upon the copper. Now it seemed, at first, as if this earthy 
coating would merely act as an additional preservative of the copper ; 
but, unfortunately, the adventitious crust or surface thus formed, is most 
favourable to the adhesion of weeds, and of certain marine animals; 
and these accordingly attached themselves to it so rapidly, and in 
such abundance, as to render the bottom extremely foul, and to inter- 
fere with, and impede the sailing of the vessel. Theory would lead us to 
expect, that the zinc or iron might be so exactly proportioned ,to the 
surface of the copper, as effectually to protect it, without at the same 
time communicating to it that tendency to attract an earthy crust, which 
has just been mentioned ; but in practice this has been found scarcely 
attainable^. 

* It is to be regretted that the sue- purposes, and to the arts of life, are 
cessful applications of scientific reasoning rarely made by tlieir original inventors ; 
and philosophical discovery to practicid and the case before us threatens to turn 
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It will be obvious, from tbe preceding details illustrative of electrolytic 
action, that it tends to tbe separation botb of proximate and ultimate 
elements ; of the separation of the proximate elements of compounds, 
the decomposition of neutral salts furnishes ample instances, in which 
a compound acid and a compound base are respectively separated at the 
anode and cathode*: whether the sub and ^super sdts, or i/tsalts and 
&isdts are, or are not decomposed with precisely the same results, has 
not, perhaps, been accurately determined, but apparently they are : the 
case, however, is .different with respect to binary compounds of the 
elementary substances ; for among them, (with very few exceptions,) the 
protocompounds^ or those consisting of one atom or e^ivdent of an 
anion, with one of a cathibn, are those only which are directly electro- 
lytic, whilst other binary compounds of the same elements are not so ; 
thus the fused joro/ochloride, and pro/iodide of tin are decomposed, but 
the jserchloride, and j^eriodide are not ; these important differences may 
depend upon conducting power, for no compound which is not, to a 
greater or less extent, a conductor^ is susceptible of this decomposition, 
(with the single apparent exception of periodide of mercury, which Mr. 
Faraday found to insulate whilst solid, but to conduct whilst liquid, and 
yet was not decomposed.) 

The cases of apparent decomposition opposed to the law just stated, 
are numerous, but they may be all referred to secondary electrolytic action. 
When sulphuric acid, for instance, (which is a compound of one atotn of 
sulphur, and three of oxygen,) is subjected to the action of the electric 
current, sulphur and hydrogen appear at the cathode, and oxygen at the 
anode ; but Faraday has shown that the sulphur is here the result of the 
action of the nascent hydrogen upon the acid, and that in all cases of the 
true electrolytic decomposition of the sulphurets, the sulphur is evolved 
at the anode, and hence is properly placed in the above table of ions, 
amongst the anions. He observes, in reference to these cases, that the 
final result of the action of the electric current upon substances placed 
between the electrodes, instead of being simple, may be very complicated: 
that substances may be decomposed either by the direct action of the 
electric current, or by the action of bodies which that current evolves. 
There are also two modes by which, in these cases, new compounds may 
be formed ; that is, by the combination of the evolved substances in 
their nascent states vdth the matter of the electrode (of which the 
formation of oxide of silver, &c., above referred to, is an instance, p. 281), 
or, by their combination with substances, which, being contained in, or 
associated with the electrolyte, are necessarily present at the anode and 
cathode t. This complexity is further increased by the circumstance that 

out an instance of this remark, for a . * As when sulphate of soda, sul- 

patent has been taken out for covering phate of lime, and sulphate of baryta 
ships with iroji plate, protected by zinc : are resolved into their respective anions 
the ifon is said to be thus render^ com- and cathions. See p. 270 and 277. 
paratively durable and permanent, and 

not to hkve that tendency to become foul, f The decomposition of a solution of 

by a Utile over protection, which belongs ammonia, in which the nascent oxygen of 
to copper; whilst its extreme cheapness, the decomposed water, unites to the hy- 
in comparison with copper, adds greatly drogen of the ammonia, and sets nitrogen 
to the value of its application. at Uberty at the anode ; and that of 
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such actions may occur simultaneously, aud in variable proportions to 
each other. 

When the electrolyte is an aqueous solution, or when it contains 
water, such secondary results are very frequent, but they are not confined 
to cases whdre water is present: Becquerel has shown that they arc in 
many instances applicable to the formation of new compounds, and to the 
imitation of those which are produced by natural operations. {Ann, de 
Chim. et Phys. xxxv. 113). 

Previous to Farada/s researches, it was assumed that all compounds 
were susceptible of electrochemical decomposition, and more especially 
those in which the elements were held tc^ether by feeble affinities *; but 
it is now apparent that conducting power is one essential requisite; and 
another (probably, at least) a certain atomic relation of the elements to 
one another; hence a most important application of electrolytic action to 
the determination of atomic weights. Mr. Faraday has thus expressed 
this law: “ there is but one electrolyte comopsed of the same two 
elementary tons; hence, only single electrochemical equivalents of 
elementary ions, and not multiples, can go to the electrodes.'* We may 
infer therefore, that in the electrolysis of a compound formed of two 
* elementary substances, the elements will be evolved in single atomic pro- 
portionals; hence the inference, that water is to be considered as a 
primary atomic combination of single atoms of hydrogen and oxygen: 
and hence the application of electrolytic action to the determination of 
the equivalent number of the elements in doubtful cases. 

The metallic poles of the voltaic apparatus, or the electrodes, have 
been spoken of as exerting an attractive power over the elements of the 
electrolyte, but this is not the case, and the common expression, that * 
certain substances are attracted by the negative pole, and others by the posi- 
tive pole,*' is so far incorrect, for no single elementary substance, or ifon, has 
any tendency to pass to either of them; sulphur for instance, charcoal, or 
finely-divided metals diffused through water, are indifferent to the transfer 
or passage of the electricity. The poles or electrodes may even be water or 
air, ITius, if pure water be carefolly poured upon a solution of sulphate 
of magnesia, the platinum conductors may be so introduced and 
arranged, as to make the saline solution, the anelectrode (positive), and 
the water, the cathelectrode (negative); in this case magnesia will be 
deposited at the line of contact between the water and the solution^ but 
none of it will pass across the water to the platinum cathelectrode ; and 
in all cases, in which substances have been supposed to travel by mere 
attraction, a line of compound particles has extended from pole to pbie. 

It seems proved by Mr. Faraday’s experiments, that electricity of very 

ntVrtcao^ in which the nascent hydrogen proportions, &c. .do not interfere, '^so 
of its water reacting upon the acid, pro- that in applying the voltaic battery for 
duces nitrous acid at the cathode, are the purpose of decomposing bodies, not 
instances of such secondary results. yet resolved into forms of matter sim- 
* It follows from Faraday’s theoiy, pier than their own, it must be remem- 
that the more directly bodies are op- bered, that success may depend, not upon 
posed in chemical affinity, the more easily the weakness, or failure, upon the strength 
they are separated by electrolytic action, of the affinity by which the elements 
provided other circumstances, such as sought for are held together, but con- 
insolubility, ddicient conducting power, trariwise.** 
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Mw\(m may pass through an electrolyte without effecting its 
Secompointion^ and that in such cases, the decomposition ensues when the 
conducting power of the electrolyte is improved, or the intensity of the 
electricity increasedi If, for instance, a solution of sulphate of soda be 
made part of a circuit transmitting electricity of very low intensity, the gal- 
vraometer in such a circuit will be deflected, so as to demonstrate the pas- 
sage of electricity, but no appreciable decomposition of the salt will ensue; 
on ij^easing the intensity of the current, the deflection of the magnetic 
needie is not increased, but the acid and alkali of the salt are separated. 

Electrolytes differ in the facility with which they yield updfhcli’ ele- 
ments to the influence of the electric current, or in the resistance which 
they offer to electrochemical decomposition. The following bodies arc 
electrolytic in the order in which they are placed, those which are first, 
being decomposed by the current of lowest intensity. 

Iodide of potassium (solution) 

Chloride of silver (fused) 

Frotochloride of tin (fused) 

Chloride of lead (fus^) 

Iodide of lead (fc^cd) 

Muriatic acid (solution) 

Water acidulated by sulphuric acid*. 

Thai the chemical power is in direct proportion to the absolute quantity 
of electricity which passes^ was an inference drawn by Mr. Faraday at 
an early period of his researches (JPhiL Trans. ^ 1833, p. 63), and after- 
wards ably demonstrated by a series of conclusive experiments, (PAi7. 
Trans.^ 1834, p. 102), which have led to the developemcnt of the 
d^nite nature cf electrochemical decomposition. 

Analysis teaches that water is composed of 1 part by weight of 
hydrogen, and 8 of oxygen, and that oxide of zinc consists of 32 of 
zinc, and 8 of oxygen; now suppose a quantity of electricity set free, 
or in motion, by the oxidizement of 32 parts of zinc by 9 of water, that 
quantity will also decompose 9 of water by the platinum electrodes, 
evolving from it 8 of oxygen and 1 of hydrogen; and the same quantity 
of electricity transmitted successively through fused chlorides of silver, 
and iodide of lead, so as to decompose them, will evolve 36 of chlorine, 
and 125 of iodine, at the anodes, and 108 of silver 
and 104 of lead at the cathodes: these numbers are the 
exact chemical equivalents of the respective elements; 
accordingly, if we place a portion of water anywhere in 
the electric circuit, the quantity of it which is decom- 
posed, or the quantity of oxygen and hydrogen either 
separate or mixed, which is evolved, furnishes a measure^ 
or mode of expressing the quantity of electricity which has 
passed in a given interval. Mr. Faraday has constructed 
several instruments for this purpose, which he terms VoUa 
electrometers or Voltameters: among them the two follow- 
ing mil be found most useful, a (fig. 146) is a straight 
tube closed at the upper extremity and graduated; through 
the sides pass the platinum wires b b\ being f^ed into 

f* See Phil. Trans., 1834, p. 448. On the intensity necessary for eleetrolysation.** 
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the glass, and connected with two plates within ; the tube is fitted by 
grinding, into one mouth of a double-necked bottle, one-half or two-thirds 
full of water (acidulated by sulphuric acid to improve its conducting 
power.) The tube is filled by inclining the bottle, and when an electric 
current is passed through it, the gases evolved collect in the upper 
part of the tube, and displace the dilute acid, the stopper c being left 
open ? when the graduated part of the tube a is filled with the mixed 
gases, the electric circuit may be broken by removing the wires connected 
with b the stopper c replaced, and the meter-tube refilled by properly 
inclining the instrument : a second measure of the gases is then collected, 
on re-establishing the circuit, and so on. 

Another form of the voltameter is the following, (fig. 147). It is 
fixed on a weighted foot n, and has the form of a small retort, containing the 
two electrodes : the neck b is narrow and 
long enough to deliver gas issuing from 
it into a graduated jar placed in a 
small pneumatic trough. The electrode 
chamber, sealed hermetically at the part 
inserted into the stand, is 5 inches in 
length, and 0*6 of an inch in diameter ; 
the neck about nine inches in length, 
aud 0*4 of an inch diameter inter- 
nally. The chamber c is filled up to the neck with dilute sulphuric acid 
(sp. gr. 1.3). In both these instruments, the contact of the electrodes 
with each other >vithin the chamber or tube, is prevented by the inter- 
position of pieces of glass-tube. 

I must here refer to Mr. Faraday’s paper {PhiU Trans. 1834, p. 87, 
et seq.) for some, curious and imporUint remarks respecting the influence 
of diflerent forms of the platinum electrodes in these instruments, and 
for "tlie experimental proofs, that variation in the size of the electrodes^ 
causes no variation in the chemical action of a given quantity of electricity 
upon water : that their action is uninfluenced by changes in the intensity 
provided the quantity of electricity remain the same: that the quantity 
of water decomposed is uninfluenced by the strength of the dilute 
sulphuric acid in the volta-electrometer ; that, when other solutions are 
substituted for the acid the constancy of the electrolytic action upon water 
is not altered ; and that, as before stated, when water, and other electro- 
lytes, are subjected to the influence of the electric current, the quantity 
decomposed is exactly proportionate to the quantity of electricity which 
has passed^ notwithstanding all variations in the conditions and circum- 
stances under which they may at the time be placed. 

I shall conclude this part of the subject by the following summary of 
certain points already adverted to respecting tons^ and electro^ 

chemic^ equivalents^ taken from Mr. Faraday’s seventh series of 
Experimental Researches in Electricity. {Phil. Trans. 1834, p. 111.) 

i. A single Ifon, i. e. one not in combinatiou with another, wUl have 
no tendency to pass to either of the electrodes, and will be perfectly 
indifferent to the passing current, unless it be itself a compound of morc^ 
elementary Sfora^, and so subject to actual decomposition. Upon this fact 
is founded much, of the proof adduced in favour of the new theory of 
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elecWo-chemical decomposition put forth in a former series of these 
Researches, 518, &c. ii. If one tm be combined in right proportions 
(697) ^*ith ano^r strongly opposed to it in its ordinary chemical rela- 
tions, i. e. if an anion be combined with a cathim^ then both will travel, 
the one to the anode^ the other to the cathode^ of the decomposing body, 
iii. If, therefore, an ion pass towards one of the electrodes,, another 
im must also be passing simultaneously to the other electrode, although, 
from secondary action, it may not make its appearance, iv. A body 
decomposable directly by the electric current, i. e. an electrolyte, must 
consist of two tons^ and must also render them up durin^he act of 
decomposition, v. There is but one electrolyte composed of the same 
two elementary ions ; at least such appears to be the fact, dependent 
upon a law, that only single electro-chemical equivalents of elementary 
tons can go to the electrodes^ and not multiples^ vi. A body not decom- 
posable when alone, as boracic acid, is not directly decomposable by the 
electric current when in combination. It may act as an iqn^ going wholly 
to the anode or cathode^ but does not yield up its elements, except 
occasionally by a secondary action. Perhaps it is superfluous to 
point out that this proposition has no relation to such cases as that of 
water, which, by the presence of other bodies, is rendered a better 
conductor of electricity, and therefore is more freely decomposed, vii. 
The nature of the substance of which the electrode is formed, provided 
it be a conductor, causes no difference in the electro-decomposition, 
either in kind or degree ; but it seriously influences, by secondary action, 
the state in which the ions finally appear. Advantage may be taken of 
this principle in combining and collecting such imis as, if evolved in 
their free state, would be unmanageable*, viii. A substance which, 
being used as the electrode, can combine altogether with the ion evolved 
against it, is also an 7oji, and combines in such cases, in the quantity 
represented by its electro-chemical equivalent. All the experiments 
agree with this view ; and it seems, at present, to result as a necessary 
consequence. Whether, in the secondary actions that take place, 
where the ion acts, not upon the matter of the electrode, but on 
that which is around it in the liquid, the same consequence follows, 
will require more extended investigation to determine, ix. Com- 
'pound ions are not necessarily composed of electro-chemical equiva- 
lents of simple ions. For instance, sulphuric acid, boracic acid, phos- 
phoric acid, are ions^ but not electrolytes^ i. e. not composed of electro- 
chemical equivalents of simple ions, x. Electro-chemical equivalents 
are always consistent; i. e. the same number which represents the 
equivalent of a substance a when it is separating from a substance b, 
will also represent a when separating from a third substance c. Thus, 
8 is the electro-chemical equivalent of oxygen, whether separating from 

* It will often happen that the elec* sadly disturb the results. Still, in the 
trodes used may be of such a nature as, midst of all these confusing effects, the 
with the fluid in which they are im- electric current, which actually passes 
mersed, to produce an electric current, in any direction through the decom- 
eitheraceordingwith or opposing that of posing body, will produce its own defi- 
the voltaic arrangement used, and in this nite electrolytic action. 
way, or by direct chemical action, may 
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hydrogen, or tin, or lead ; and 104 is the eVectro-chemical equivalent of 
lead, whether separating from oxygen, or chlorine, or iodine, xi. Electro- 
chemical equivalents coincide, and are the same, with mdinary chemical 
equivalents. ™ 


5 13. — Source of Voltaic Electricity, and Theory of the Pile. 

The electrical equilibrium is so easily disturbed, or, in other words, there 
are so many causes of electrical excitation, that it becomes difficult to 
separate them and to refer to each its due effects: Volta attributed the 
electricity of the pile to the contact of the different metals, and regarded 
the interposed solutions as imperfect conductors, admitting the transfer 
of electricity when the circuit was completed ; and when incomplete, 
throwing the whole,, by induction, into an electropolar state. This 
explanation was adopted with some modifications by Sir II. Davy {PhiL 
Trans,^ 1807), who seems to have considered the electric state oPthe 
pile partly as the consequence of the contact of the opposed metals, and 
partly of the chemical-action of the liquid in the cells ; and he concluded, 
from experiments upon the contact of acids with alkalis and metals, that 
they became negative and positive in respect to each other*; summing 
up the whole in the statement, that “ Chemical and electrical attractions 
are produced by the same cause, acting in one cose on particles^ in the 
other on masses of matter, and that the same property, under different 
modifications, is the cause of all the phenomena exhibited by different 
voltaic combinations.’*~(PAt7. Trans.^ 1826, p. 389.) 

Others have referred the electricity of the pile exclusively to chemical 
action; and Dr. Wollaston not only adopted this opinion {PhiL Trans,^ 
1801), but attributed the activity of the common electrical machine to 
the oxidizement of the amalgam: this view was opposed by Davy, who, 
contrary to Dr. Wollaston's experiments, found the electric machine active 
in atmospheres of hydrogen and of carbonic acid, and in the latter more 
so than in atmospheric air, probably on account of its greater density. 

The phenomena of De Luc's column (p. 261,) were considered by 
some as ample proof of the correctness of the “ theory of contact," while 
others ascribed its electricity to the chemical action of the moisture hygro- 
metrically retained by the paper; but this instrument seems to require 
more minute and accurate examination before any fatisfiictoiy conclusions 
can be drawn from it. 

That electricity is produced in voltaic arrangements, independent of 
contact and apparently by chemical action onl^^ has been satisfactori^ 
shown by Faraday, for he found, that a single pair of plates, so arranged 
as to avoid metallic contact and every other source of electricity except 
chemical action, produced a current which not only deflected a galvano- 
meter, but decomposed iodide of potassium. The following was the form 
of his experiment . — {PhiL Trans.^ 1834, p. 426.) 

A plate of zinc, about eight inches long and half an inch wide, a (fig. 148), 


* When iwo metals, or other sub- 
stances, are brought into contact, and 
espeoially when fiUngs of one met^ are 
sifted upon the sur&ce of another, ex- 
oeedingly feeble ^eetrUMy ef Unswn may 


be shown by a veiy delioate electrometer ; 
but in these cases, and also when solid 
odds and aUcidia are used, friction cannot, 
aaalready observed, be avoided. . 


u 
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VTBS cleaned and bent in the middle to a right angle. 
A plate of platinum, about three inches long and half an 
inch wide, 6, was fastened to a platinum wire, and the 
latter bent as in the figure. These two pieces of metal were 
arranged together as delineated, but as yet without the 
vessel c, and its contents, which consisted of dilute sul- 
phuric acid mingled with a little nitric acid. At ar a piece 
of folded bibulous paper, moistened in a solution of iodide 
of potassium, was placed on the zinc, and was pressed 
upon by ‘the end of the platinum wire. Wheiltaider these 
circumstances the plates were dipped into the acid of the vessel c, there 
was an immediate effect at ar, the? iodide being decomposed, and iodine 
appearing at the anode, i. e. against the end of the platinum wire .As long 
as the lower ends of the plates remainM in the acid, the electric current 
continued, and th^ decomposition proceeded at x. On removing the end 
of the wire from place to place on the paper, the effect was evidently very 
powerful; and on placing a piece of turmeric paper between the white 
paper and zinc, both papers being moistened with the solution of iodide 
of potassium, alkali was evolved at the cathode against the zinc, in pro- 
portion to the evolution of iodine at the anode. Hence the decomposition 
was perfectly polar, and decidedly dependent upon a current of electricity 
passing from the zinc through the acid to the platinum in the vessel c, and 
back from the platinum through the solution to the zinc at the paper x. 
That the decomposition at x w'as a true electrolytic action, due to a 
current determined by the state of things in the vessel c, and not dependent 
upon any mere direct chemical action of the zinc and platinum on the 
iodide, or even upon any current which the solution of iodide might by 
its action on those metals tend to form at x, was sho>vn, in the first place, 
by removing the vessel c and its acid from the plates, when all decompo- 
sition at X ceased, and in the next by connecting the metals, either in or 
out of the acid, together, when decomposition of the iodide at x occurred, 
but in a reverse order; for now alkali appeared against the end of the 
platinum wire, and the iodine passed to the zinc, the cun-ent being the 
contrary of what it was in the former instance, and produced directly by 
the difference of action of the solution in the paper on the two metals. 
The iodine of course combined with the zinc. 

So far, therefore, the evidence of the current of electricity independefit 
of metallic contact is complete. It is now to be shown how chemical action 
becomes the source of the electricity in the voltaic battery, and for this 
purpose it will be necessary to trace it from the simple to the compound 
circle. 

In the following illustrations, for which, with the diagrams that 
accompany them, I am indebted to the kindness of Mr. Faraday, it is 
supposed that pure zinc is used; which, unlike the common zinc* of 

* The impurities in common zinc seem which is superficially amalgamated with 
to be the cause of the rapid action ex- mercury, is not so acted on, and hence 
erted upon it by diluted sulphuric acid, the advantage of using it in cases where 
which oxidizes it with the evolution of the ordinary sioA. the voU^e action require 
hydrogen. . Pure zinc, on the contrary, to be separately observed, 
or, as Mr. Stuigeon has shown, zinc 
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commerce, is very slowly acted upon by sulphuric acid diluted with six 
or eight parts of water. * 

Let z (fig. 149) represent a piece of such zinc, and p a piSse of pla- 
tinum, both immersed in dilute sulphuric acid; if they do not touch each 
other, ^K^rcely any action will take place in the zinc, and none in the 
Other metal ; but if they touch, or if they are connected by a long wire of 
zinc or platinum, as represented in the figure, then action ^ 
takes place ; oxygen from the water combines with the 
zinc, and forms an oxide, which dissolves; and the 
equivalent of hydrogen is evolved, and appears against ^ 
the platinum ; whilst the connecting ypre exhibits all 
those characters which show that a current of electricity 
is passing through it. The directionfif this current never 
changes. It is essentially connected with the chemical 
action on the zinc, and the evolution of hydrogen on the platinum, . and 
may, at any time, be identified by comparing it with the electricity of the 
common machine. If the prime conductor and rubber of a machine be 
connected by a wire, the electricity is said, by a conventional expression, 
to be passiiigyrom the conductor through the wire to the rubber; and, 
admitting that standard of reference, it is found in the experiment just 
described, that the current of electricity produced is from p through the 
wire to z. There are many other solutions, which, if used between the 
metals z and p, will cause a similar effect w^hen the latter are connected 
by the wire, but the current is always in the same direction, and it is also 
always the zinc which enters -into combination. Thus a solution of 
hydriodic acid, or of the iodide of potassium, will cause iodine to com- 
bine with the zinc, hydrogen will appear at the platinum, and a current 
of electricity will exist in the wire, but of weaker power than before. 

In producing this effect, there are two circumstances which seem to 
be essential, namely, the immersion of the zinc and platinum in the 
solution, and the metallic contact of the metals, cither directly, or by means 
of the wire: if the contact be broken the current is stopped, and tjie action 
on the zinc ceases; or if the metals be taken out of the solution, the action 
on the zinc of necessity ceases, and again the current is stopped. Hence 
it became a question for many years, wdiich, though much argued and 
experimented upon, has only recently been decided, whether it was the 
chemical action on the solution, or the contact of the metals, which was 
the real cause of the electric current, and other concomitant effects. 

But now consider fig. 150, and let n and o he two vessels like to m 
(fig. 149), ejwsli containing dilute sulphuric acid and pieces of zinc and 
platinum, and let the two z z be connected by a zinc 
wire, and the two p p by a platinum wire; no chemical 
effects will occur, nor any current of electricity be 
formed ; but the moment a wire of any metal is 
stretched from to 5, a current of electricity wdll run 
up it, dividing right and left, as is showm by the 
arrows, and oxidation of both zincs wdll take place, 
accompanied with the evolution of hydrogen at both 
platinums. 

Consider this cross-wire as still retained in its place, but the dilute 








|A|hBil0 jnemi^Ted fifom the vesael o, and replaced hj a solution of 
Sto ^ potaarium. SliU the currents will exist, as represented by 
Ihe atrowet ^a dmoical action will remain unchanged in the yessel n; 
and in the Tsssd o, iodine will combine with the zinc, and hydrogen 
appear against the platinum. As yet the conditions both of chemical 
aeiinm and mdaBic contact exist, the cross-wire from a to 6 ensuring the 
latter; but now remove that wire, and instead of a cessation of action, the 
fidlowing change of efiects will take place; the electric current from b 
across to a of course no longer exists; that from a through the vessel n to 
b will be weakened, and the chemical action in n much diminished; but 
the current from a through o to i will be actually inverted, and the che- 
mical action in o will be inverted also, and the iodine will no^v appear in 
its free state against the platinum p, instead of combining with the zinc, 
and the hydrogen will appear at the opposite side. 

Hence, not only is it proved that metallic contact is not necessary, and 
that chemical action is the cause of the phenomena, but also that two 
distant chemical actions may be opposed, and the weaker made to yield 
to the stronger; and thus, electro-chemical excitation and electro-dhcmical 
decomposition are shown existing together in the simplest manner as cause 
and effect. 

If two distant chemical actions can be thus shown connected together 
iu opposition to each other, so also can they be shown with equal simpli- 
city associated in accordance with each other; and in this consists the 
principle of the Voltaic pile or trough: for consider again the tendencies 
161 and directions of the* two sets of forces, as indi- 

cated by tho arrows, in the vessels n and o, fig. 150, 
and then divide the connecting wires at a and 5, 
q connect the right-hand end of a with the left-hand 
end of 6, and the right-hand end of b with the left- 
hand end of fl, as in fig. 151, and then it will be 
seen by simple inspection, (what is found as a 
matter of fact,) that the forces in p and q aid and 
exalt each other, instead of exerting a mutual opposing action. 

Fig. 152 is the representation of three such actions combined, and 

with 300 or 3000 the principle is the 
same ; the pull on the general current 
being, as it were, aided by every re- 
currence of the zinc, and its vigoxir 
and intensity exalted. 

In reflecting upon the source of electricity in voltaic arrangements, 
Bad upon the definite nature of its action, as shown in the experiments 
above quoted, .it becomes almost impossible to doubt the idetUiiy of 
the rause of chemical and electrical phenomena, and from an attentive 
consideration of the manner in which the elements of electrolytes are 
evolved at the anode and cathode, the insufficiency of that theory which 
refmxed the phenomena of their decomposition to the mere attractive 
powert qf the pates mxai be quite obvious: they must certainly be attri- 
bu^ to some specific action of the electric current, pervading the whole 
of its course through the electrolyte; and if we regard it, with Faraday, 
{Phil. Trans.. 1833, p. 696,) as ^ an axis of p^wer having contrary forces, 







elBctljr equal in amount in eontraiy diiecidoilut,’' ve may also *««*««>« 
that electro^chemical decomposition is produced by an internal corpus- 
cular action exerted according to the direction of the electric current, and 
that it is due to a force, either superUdded to, or giving direction to the 
ordinary chemical affinity of the bodies present. Hie oody Under decom- 
position may be considered as a mass of acting particles, idl those which 
are included in the course of the electric current, contriWting to the final 
effect, and it is because the ordinary chemical affinity is relieved, weakened, 
or partly neutralised by the influence of the electric current, in one direc- 
tion, parallel to the course of the latter, and strengthened or added to in 
the opposite direction, that the combining particles have a tendency to 
pass in opposite courses.*' * 

Some of the difficulties connected with the theory of the voltaic 
battery, as well as with its practical applications, have received im- 
portant elucidation by the recent researches of Mr. Daniell ; he has 
discovered the cause of the gradual decline of action in batteries of the 
usual construction, and has suggested a new combination of voltaic ele- 
ments by which perfect steadiness of action and great power are both 
secured. 

His first series of experiments were carried on by means of an appa- 
ratus, which he* contrived, and which he designates by the name of the 
dissected battery. It consists of ten cylindrical glass cells, capable of holding 
the fluid electrolytes, in each of which two plates of metsl are immersed; 
each plate communicating below, by means of a separate wire, which is 
made to perforate a glass-stopper, closing the bottom of the cell, with a 
small quantity of mercury, contained in a separate cup underneath the 
stopper, and with which electric communications may be made at pleasure, 
through other wares passing out of the cups on each side. The active 
elements of the circuit, which he adopted as standards of comparison, 
were, for the metals, plates of platinum and amalgamated zinc, three 
inches in length by one in breadth ; and for the electrolyte, water acidu- 
lated with sulphuric acid. Above each platinum plate is suspended a 
graduated glass jar, filled with the same liquid, serving the purpose of a 
volta-mcter, to indicate the amount of action in each cell. By means of 
this dissected battery, every plate of which is removable at pleasure, and 
every action of which is under the eye, it is easy to illustrate, in a striking 
manner, the difference of effects with relation to the quantity and the 
intensity of the electric current, consequent on the different modes of 
connecting the elements of the battery: the former property being chiefly 
exhibited when the plates of the respective metals are united together so 
as to constitute a single pair; and the latter being exalted when the 
separate pairs are combined in alternate series. The influence of different 
modifications of these arrangements, the effects of the interposition of 
pairs in the reverse drder; of the substitution of different metals for some 
of the regular series ; of changes in the constitution of the electrolyte, and 
of other changes operating both as causes of retardation and assistance to 
the current, may readily be seen and measured. 

In the course of his researches with this battery, for the details of 
which I must refer to th^ author’s papers in the Phil. Trans, for 1836, 
Mr. Daniell's attention wm particularly drawn to the deoxidating power 
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liydrogen as it is evolved upon the negative metallic sur- 
h/o&B. He found that not only were the oxides of copper and mercury 
thus reduced, when salts of these metals were purposely dissolved in the 
electrolyte of the cells, but the oxide of zinc itself, formed at the generating 
plates of the battery, was reduced at the conducting plates, and the 
platinum became ultimately so incrusted with metallic zinc, as to annihi- 
late the circulating force. The removal of the hydrogen by combination, 
was found greatly to assist the current when the precipitate^ metal was 
of a sufficiently electro-negative character, and Mr. Daniell confirms the 
hypothesis of Mr. Faraday, that the use of nitric acid in the battery- 
charge, is to effect this purpose; but, when any part of it is engaged in 
reducing the oxide of zinc,«the effect must obviously be injurious, as 
two zinc surfaces thus ultimately become opposed to each other. In 
some experiments, the platinum plates were found completely coated, and 
had acquired an increase of weight amounting to 27*8 grains. 

This transfer of the electro-positive metal, not only accounts for the 
variations and progressive decline of the powxr of the ordinary voltaic 
battery, but for many phenomena which have greatly perplexed experi- 
mentalists, such as those of the secondary pile^ and of certain states of 
polarity, which it was conceived were conferred upon metals which had 
come under the influence of the electric current. ♦ 

The next most important observation which Mr. Daniell made, 
regarded the paramount influence of the extent of the surface of the con- 
ducting plates over the action of the generating plates, and indeed all the 
principal phenomena of the battery. It was Dr, W ollaston, who first sug- 
gested the doubling the copper round the zinc plates, with the view of bring- 
ing both the surfaces of the latter into action (see p. 267), ^i^d according to 
his anticipation, he found a great increase of effect; but the relative increase 
of the surface of the conducting plates may be carried far beyond this with 
advantage. Mr. Daniell accounts for this influence, by the diffusion of the 
hydrogen over the metallic surface, under the conjoined action of its power 
of adhesion, and its elasticity, by which its powerful affinities are re- 
moved out of the sphere of action. Reasoning upon this liypotliesis, he 
was led to infer, that nothing depended upon the size of the zinc plates^ 
and he began by halving and then quartering their surfaces, till he found 
that mere wires of one-tenth inch diameter, were fully equal to the inch- 
wide plates, in all the arrangements of the dissected battery. 

Upon these observations, chiefly, is founded the construction of his con- 
stant battery. Each cell consists of a hollow copper cylinder, 6 inches high 
by 3^ inches wide, containing within it a membranous tube formed by 
the ^let of an ox, in the axis of which is placed a cylindrical rod of 
zinc half an inch diameter. The dilute acid, consisting of 8 parts of 
water to 1 of oil of vitriol, is poured into the membranous tube from 
above by means of a funnel, and passes off, as occasion requires, by a 
siphon tube at the lower part; while the space between the tube and the 
sides of the copper cylinder is filled with a solution of sulphate of copper, 
which is preserved in a state of saturation by a quantity of this substance 
suspended in it by a cullender, allowing it to percolate in proportion as 
it is dissolved. Two principal objects are accomplished by this arrange- 
ment; first, the removal out of the circuit of the oxide of zinc, the 
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fli posit of which is so injurious to the continuance of the effect of the 
common battery; and, secondly, the absorption of the hydrogen evolved 
upon the surface of the copper, without the precipitation of any substance 
which would lead to counteract the voltaic action of that surface. The first 
i , completely effected by the suspension of the zinc rod in the interior .mem- 
branous cell into which fresh acidulated water is allowed alowly to drop, 
in proportion as the heavier solution of the oxide of zinc is withdrawn 
from the bottom of the cell by the siphon-tube. The second object is 
attained by charging the exterior sparse surrounding the membrane with 
a saturated solution of sulphate of copper, instead of diluted acid; for, on 
completing the circuit, the electric current passes freely through this 
solution, and no hydrogen makes its appearance upon the conducting 
plate; but a beautiful pink coating of pure copper is precipitated upon it, 
and thus perpetually renews its surface. 

When the whole battery is properly an-anged, and charged in this 
manner, it produces a perfectly equal and steady current of electricity 
for many hours together. It possesses also the further advantages of 
enabling us to get rid of all local action by the facility it affords of apply- 
ing amalgamated zinc ; of allowing the replacement of the zinc rods at a 
very triflng expense ; of securing the total absence of any wear of the 
copper; of requiring no employment of nitric acid, but substituting in its 
stead materials of greater cheapness, namely, sulphate of copper, and oil 
of vitriol; the total absence of any annoying fumes; and lastly, the 
facility and perfection with which all metallic communications may be 
made and their arrangements varied. 

With a battery of twenty cells, arranged in single series, twelve cubic 
inches of mixed oxygen and hydrogen gases may be collected from a 
volta-meter in every five minutes of action, and when they are first con- 
nected in pairs, and afterwards in a scries of ten, the quantity amounts to 
seventeen cubic inches; eight inches of platinum ^vire diameter, 

may be kept permanently red hot by the same arrangement, and the 
spark taken between charcoal points is very large and brilliant. 

The quantity of water decomposed is so large, that it may become a 
cheap source of the purest oxygen, for laboratory and other uses. For 
this purpose, Mr. Daniell has constructed an oxygen cell^ by enclosing a 
platinum plate instead of the zinc rod within one of the membranous 
tubes, which is closed at the upper end by a glass tube, bent in a proper 
form, to deliver the disengaged gas under a receiver. When this cell is 
included in the circuit of double cells, the hydrogen is absorbed as before 
by the oxide of copper, but the oxygen is evolved, and eighty cubic inches 
may be collected per hour. 

The chief merit, however, of the construction, consists in the con- 
stancy of its action^ which renders it applicable to the determination of 
many important questions, which have hitherto been perplexed with the 
variable conditions of the voltaic current. 

§ 14. — Identity of Voltaic and Common Electricity. 

The phenomena of the voltaic pile are, upon a superficial view, so 
different from those of common electricity, as frequently to have l^n 
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referred to a distinct cause, and although they urere found, when more 
accurately compared, to present many analogies, yet they hare generally 
been regarded as not absolutely identical. Mr. Faraday was led to 
revise the experiments already made in reference to this question, and 
to devise many new illustrations of it : his results are published in the 
third series of his Experimental Researches. {PhiL Trans.^ 1833, p. 23.) 
He has arranged electrical phenomena, for the purpose of this comparison, 
under two heads; namely, those connected with electricity of tension^ and 
those connected with electricity of motion; the former inclq^s attrac- 
tions and repulsions at sensible distances: the latter (or the effects of 
electrical currents) includes the production of heat, magnetism, chemical 
decomposition, physiological phenomena, and the spark. 

1. The attractions and repulsions produced by voltaic electricity, and 
so far identifying it with that of the common electrical machine, have 
been above described (p. 262). 

The escape of common electricity through rarefied air, is another 
effect due to its tension. On endeavouring to discharge a voltaic battery 
of 1 40 pairs of plates by approximated pointed wires, either with inter- 
vening air, or in a vacuum, no indications of a current, either by 
magnetic or chemical action, were obtained; but upon heating the air 
between the points, by the fiame of a spirit-lamp, the current passed, so 
as to decompose iodide of potassium, and deflect the galvanometer in 
another part of the circuit. The arc of flame between charcoal points in 
air and vacuo is a similar phenomenon (p. 269). Another proof of the 
tension and quantity of the electricity of the pile, is the chaigc of a 
Leyden Battery, which may be effected by the De Luc's column (p. 262), 
and by the voltaic battery, especially under the circumstances above 
described (p. 268). 

2. As concerns electricity in motion^ that of the voltaic apparatus 
produces heat, magnetism, chemical decomposition, shocks, and sparks, 
and in these respects the analogies with common electricity are complete. 
Of the healing power of common electricity, instances have been already 
given, both as relates to the common spark (p. 234), and to that of the 
Leyden jar or battery (p.243). For delicate experiments upon this subject, 
Mr. Harris’s beautiful and sensible electrometer may be used. (Phil. 
Trans.^ 1827, p. 1 70 The production of magnetism by common electricity 
has also been satisfactorily proved, by the deflection of the galvanometer^, 


and by the simple experiment of affixing a steel needle at right angles, to 
a wire through which the Leyden jar or battery is discharged, and which 
receives permanent magnetism. 

The power of common electricity to effect polar chemical decomposi- 

tion^ was first shown by Dr. Wollaston 

\ ^ Trans.^ 1801, p. 427), and has 

^cn amply and excellently verified by 
i j — n Faraday. Upon a glass plate (fig. 163) 
^ P n ^ placed over, but raised above, a piece 
of white paper, so that shadows may 
not interfere, put two pieces of tin- 


• By Mr.Colladon of Geneva, and in Faraday's experiments (Phil, Trans., 1833, 
p. 30). 
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foil ah; connect one of them by an insulated wire c with the positive 
conductor of the machine, and the other by the wire g with the 
ground, or with the negative, conductor : provide two pieces of fine 
platinum wire, bent as in fig. 154, so that the part d f shall be nearly 
upright, whilst the whole is resting on the three bearing points p ef: 
place these as in fig. 153; the points p n then become 
the decomposing poles. Place a large drop of muriatic 
acid^ rendered blue by sulphate of indigo, so that p and 
n may be immersed in it at opposite sides, then send a 
current of electricity through it from a machine in good 
action, and chhrine^ shown by its bleaching effects, will 
be evolved at p. This experiment is the counterpart of that with voltaic 
electricity, described at p. 280. Place a drop of solution of iodide of 
potassium mixed with starch between theif^oles, and the current will 
evolve iodine at p. Put a drop of solution of sulphate of copper between 
the poles, and the current will then cause the precipitation of copper 
at n. 

In all these experiments the direct passage of sparks must be carefully 
avoided. If sparks are passed over moistened litmus-paper, it is red- 
dened ; and if over paper moistened by iodide of potassium, iodine is 
evolved ; but these effects must be carefully distinguished from those due 
to true electro-chemical powers, or electrolytic action, and must be 
cautiously avoided when the latter are sought for. The effect just men- 
tioned is due to the formation of nitric acid by the combination of the 
oxygen and nitrogen of the air: the acid so formed, though very small in 
quantity, is in a high state of concentration, and therefore reddens the 
litmus-paper and decomposes the iodide*. By moistening a very small 
slip of litmus-paper in a solution of caustic potassa, and then passing a 
succession of electric sparks over its length in the air, Mr. Faraday 
gradually neutralized the alkali and ultimately rendered the paper red, 
and on drying it he found that nitrate of potassa had resulted from the 
operation, and that the paper had become touch-paper. These experi- 
ments furnish simple, beautiful, and ready means of illustrating Caven- 
dish s experiment of the formation of nitric acid from atmospheric air; 
and render it probable that the singular odour produced by the 
electric discharge, as when the electricity of a powerful machine is 
suffered to pass off by points, or to pass in a succession of long and 

* A curious expcriineut, which has the some mixture upon the other side of 
been called electro-chemicaiy consists in the plate, the sulphur alone will adhere 
tracing lines or devices upon a thin plate to the parts which ore negatively electri- 
of glass covered with lac varnish, with fied. Thus the same lines will be traced 
the nob of a positively charged Leyden upon both sides of the glass plate, but 
phial; electricity is thus commu- with different coloured powders, the 

nicated to the side touched, and cor- positive lines being red and the negative 
responding lines of negative electricity yellow. The cause of this appeal's to be, 
are produced by induction, upon the op- that when sulphur and red lead are tri- 
posite side. If we now suspend the turated together, the former acquires 
glass plate insulated in the air, and blow positive and the latter negative electricity: 
upon it a finely-powdered mixture of hence the respective powders attach 
sulphur and red lead, the latter only will themselves to those sur&ces which have 
adhere to those parts of the plate which an electricity opposed to their own. 
are positively electrified. If we now blow 
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xapid sparks through the air, may be derived from the production of 
that acid. 

Though the above experiments amply demonstrate the identity of the 
electro<xhemical decompositions effected by common and voltaic electricity, 
the true polar decomposition of water by the former has not hitherto 
been so effected as to collect an appreciable portion of oxygen and 
hydrogen, at the positive and negative poles : Faraday s experiments, 
however, leave no doubt as to the reality of such decomposition. When 
V sparks or shocks are transmitted through water by fine metallic points, 
streams of gas arise from them *, but they consist of oxygen aii#hydrogen 
at each pole, and depend upon some cause, distinct from that which 
regulates the transference and final place of the evolved bodies, in cases 
of true electro-chemical decomposition. 

The physiological effect^ the common electric current may be con- 
sidered the same with those of voltaic electricity, account being taken of 
the intensity of the one, and the duration of the other. 

With regard to the sparky that from common electricity rivals in 
brilliancy the splendid light of the voltaic discharge, but it endures for 
an instant only. When, the voltaic and the common spark are taken 
between amalgamated surfaces of metal, at intervals only, and through 
the same distance of air, the eye can distinguish no difference between 
them. A curious modification of. the spark of a Leyden jar or battery 
is obtained, by causing the electricity to pass through some distance of 
water or other imperfect conductor, such as a piece of wet string, so 
placed as to form a part of the circuit: the spark is then yellowish, flamy, 
of sensibly longer duration than if the water had not been interposed, 
and is accompanied by little or no noise ; if taken between pieces of 
charcoal it is extremely luminous and bright upon both surfaces of the 
charcoal: thus,^hilst losing part of its usual character, it, in some degree, 
approximates to the voltaic spark. The retardation which the current 
of electricity suffers in being thus made to traverse water, is well illus- 
trated by its effect in inflaming gunpowder. In attempting to ignite 
gunpowder by the discharge of a Leyden jar, imless it is finely powdered 
and rammed into a small tube or quill, and the discharge of a large jar 
or battery passed through it by points of iron wire, it is generally thrown 
about but not exploded. Place the powder, for 
instance, in a small i vory mortar, of which fig. 155 is 
a section, and discharge a moderate-sized Leyden 
jar through it, so that the spark may pass between 
the interrupted wired a a; in this case the powder 
will be dispersed, and not ignited. But now, repeat 
I the experiment, placing a basin of water in the 
circuit, so that it may be interrupted by ten w: 
twelve inches of that fluid, and the spark that passes under such circum- 
stances will invariably fire the powder; or, the circuit may be interrupted 



* This esqaeriment was first made by in 1797 (Nicholson’s Jour,, 4to., i.}, and 
the associated Dutch chemists, Paets, afterwards by Dr. Wollaston in 1801. — 
Van Troostwijk, and Deinan, in 1789 or {Phil, Trans,) 
earlier; it was repeated by Dr. Pearson 
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by a few inches of pack- 
thread well soaked in water, 
and the same effect will 
ensue. Fig. 156 is a repre- 
sentation of the arrange- 
ment: a is a Leyden jar 
with* a piece of chain 
touching its exterior coat- 
ing, and immersed at the 
other end into the shallow 
dish of water ft, from the 
opposite side of which 
another chain issues, at- 
tached to one of the con- 
ductors of the mortar c; a chain is also attached to the opposite con- 
ductor; and the discharge is effected, by bringing the ball of the discharger 
d in contact with the nob of the jar e. When the circuit is entirely metallic, 
the passage of the electricity is apparently too rapid to kindle the powder, 
but it does so when retarded somewhat in its progress, by being made to 
traverse the water. 

§ 15. — Op Animal Electricity. 

There are some remarkable instances of the generation of electricity in 
living animals, to whom the power seems to be given principally as a 
means of defence. Of these animals, the Torpedo or Eleciric ray^ was 
noticed by the ancient writers on natural history: it inhabits the Medi- 
terranean and North ISeas; its weight, when full grown, is about eighteen 
or twenty pounds. When touched, it communicates a benumbing sensa- 
tion, and by repeated contacts gives a series of electric shocks. 

The Gymnotus, or Electric ee/, was first described in 16775 ^7 
Richer, who was commissioned by the French Academy to make some 
mathematical observations in Cayenne. It is a native of the warmer 
regions of Africa and America, inhabiting the larger rivers ; especially 
those of Surinam. In Africa it chiefly occurs in the branches of the 
Senegal. These animals have been anatomically described by Mr. 
Hunter in tlie 63rd and 65th volumes of the Philosophical Transactions, 
Their electric organs consist of alternations of different substances, and 
are most abundantly supplied by nerves; their too frequent use is 
succeeded by debility and death. That these organs are not otherwise 
essential to the animals, is shown by their thriving after they have been 
removed. ^ 

The Silurus electricus is less perfectly known: it has been described 
by Broussonnet under the name of Trembleur^. 

Walsh, Ingenhousz, Cavendish, Sir H. Davy, and Dr. Davy {PhiL 
Trans,y 1773, 1775, 1773, 1829, and 1832) have each experimented on 
this form of electricity, and their joint results leave no doubt as to its 
identity with common and voltaic .electricity. No attractions and re- 
pulsions due to tension have been observed from it, nor has it been 

* Histaire de PAcademie Royale des Sciences, 1782. 
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iitilitalned to produce heat: it is doubtful whether a spark has been 
obtained from it; but its magnetic and chemical effects hare been satis- 
fsctorily as^rtained. 

Humboldt, in his Tableau Physique des Rigwns Equaioriales, &c., 
has given some curious details respecting the electrical eel which inhabits 
the rivew and lakes of the low provinces of Venezuela and the Caraccas. 
It is met with most frequently in the stagnant pondis dispersed at intervals 
over the plains which extend from the Oronoco to the Apur^. The old 
road near Urutica has even been abandoned, on account of the danger 
experienced in crossing a ford, where the mules were, from^he effect of 
the shocks, often paralyzed and drowned. Even the angler sometimes 
receives a stroke conveyed along his rod and line. These eels are about 
six feet in length, and occasion a highly painful sensation, more resem- 
bling the effect of a blow on the head than the shock of a common 
electric discharge; a peculiarity of effect, referable perhaps to a great 
quantity of electricity of small intensity. Tlie following particulars given 
by Humboldt (Edinb. Review^ vol. xvi. p. 250) are too curious to be here 
omitted. 

The Indians entertain such a dread of the Gymnotus, and show so 
much reluctance to approach it when alive and active, that Humboldt 
found extreme difficulty in procuring a few to serve as the subjects of 
experiment. For this express purpose he stopped some days on his 
journey across the Llanos to the river Apure, at the small town of 
Calaboze, in the neighbourhood of which he was informed that they were 
very numerous. But, though his landlord took the utmost pains to 
. gratify his wish, he was constantly unsuccessful. At last he determined 
to proceed himself to the spot, and was conducted to a piece of shallow 
water, stagnant and muddy, but of the heat of 79 degrees, surrounded by 
a rich vegetation of the great Indian fig-trees and odoriferous sensitive 
plants. Here he soon witnessed a spectacle of the most novel and 
extraordinary kind: about thirty horses and mules were quickly collected 
from the adjacent savannahs where they run half wild. These the 
Indians drove into the marsh. The gymnoli^ roused from their slumbers 
by the noise and tumult, mount near the surface, and swimming like so 
many, livid water-serpents, briskly pursue the intruders, and gliding under 
their bellies, discharge through them the most violent and repeated 
shocks. The horses, convulsed and terrified, their mane erect, and their 
eyes staring with pain and anguish, made unavailing struggles to escape. 
In less than five minutes two of them sunk under the water and were 
drowned. Victory seemed to declare for the electric eels. But their 
activity ygfvf began to relax. Fatigued by such expense of nervous 
energy, they shot their electric discharges with less frequency and effect. 
The surviving horses gradually recovered from the shocks, and became 
more composed and vigorous. In a quarter of an hour the gymnoti finally 
retired from the contest, and in such a state of languor and complete 
exhaustion, that they were easily dragged on shore by the help of small 
harpoons fastened to cords." 

Those who are fond of supposing that electricity is an agent in certain 
processes of vitality, have referred, in favour of their hypothesis, to 
certain other cases of its production by arrangements of different oiganic 
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substances. If the hind-legs of a frog be placed upon a glass plate, and 
the crural nerve dissected out of one made to communicate with the other, 
it will be found, upon making occasional contacts with the remaining 
crural nerve, that the limbs of the animal will be agitated at each contact. 
Hence some physiologists suppose that electricity may be concerned in 
some of the most recondite phenomena of life, and experiments have been 
made tending to confer some probability on this idea. 

The principle once established, that there may exist in the animal 
economy a pow^er of determining the developement of electric excitement 
capable of being transmitted along the nerves; and it being ascertained 
by numerous and decisive experiments, that the transmission of voltaic 
electricity along the nerves of even a dead , animal is .sufficient to produce 
the most violent muscular action, it became easy step to refer the 
origin of muscular motion in the living frame to a similar cause, and to 
look to the brain, a wonderfully constituted organ, for which no mode of 
action possessing the least plausibility had ever been devised, as the 
source of the required electrical power.” 

Sir John Herschcl*, from whom I have quoted the last paragraph, 
extends his ideas upon this subject in the following note. “ If the brain 
be an electric pile, constantly in action, it may be conceived to discharge 
itself at regular intervals, when the tension of the electricity developed 
reaches a certain point, along the nerves which communicate with the 
heart, and thus to excite the pulsations of that organ. This idea is 
forcibly suggested by a view of that elegant apparatus, the dry pile of 
De Luc, in which the successive accumulations of electricity are carried off 
by a suspended ball, which is kept, by the discharges, in a state of regular 
pulsation for any length of time. We have witnessed the action of such 
a pile maintained in this way for whole years, in the study of the above- 
named eminent philosopher. The same idea of the cause of the pulsation 
of the heart appears to have occurred to Dr. Amott, and is mentioned in 
his useful and excellent book on Physics, to which, however, we are not 
indebted for the suggestion, it having occurred to us, independently, 
many years ago.” 

' § 16. — ^Tiiermo-blectiiicity. 

In 1832 Professor Seebeck of Berlin, discovered this form of electricity: 
he found that a bar of antimony, (fig. 157) « with a piece of brass 
wire twisted round one end of it 6, and attached 
to the other in the form of a loop c, when heated 
by the flame of a spirit-lamp at the contact of the 
metals 5, caused the deflection of a magnetic 
needle placed at d. 

This current of electricity is rendered more evident by the following 
modification of the arrangement; in which a (fig. 158} represents four 
bars of antimony, soldered to four bars of bismuth b. If the extremities 
at c be now united by perfect metallic contact, as by dipping them into 
mercury, and heat and cold applied alternately to the junctions of the 
two metals, an electric current will be put into motion in the direction of 

* Preliminary Dimurse on the Study of Natural Philosophy, p. 342. 
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the darts, which will deflect a magnetic needle from its meridian, placed 
immediately over or under any part of the circle, 
and which may be rendered more evident by the 
deflection of the galvanometer properly connected 
with the extremes c. 

The term stereo-electric has been applied to 
this current, implying its production in solid 
bodies independent of a fluid (from solid) 

as opposed to the voltaic or-Aydro-e/ec/nc current. 
By forming circuits of the metais taken in 
pairs, they may be arranged in a series descending from the extreme 
negative, which is bismuth, to the extreme positive, antimony. Their 
thermo-electric properties have no correspondence either with their 
voltaic relations, jar powers of conducting heat, or electricity; neither do 
they accord with specific gravity, nor atomic weights. These relations 
are shown in the following table from (Professor Cumming's Manual of 
Electrodynami<;s^) every substance in the thermo-electric series being con- 
sidered as negative to all below, and positive to all above: hence, any 
metal in the upper part will form a circuit with all below it, similar to, 
though less powerful than, that of bismuth and antimony. Dr. Roget, in 
his treatise on electro-magnetism (in the Library of Useful Kfiowledge, 
p. 94j inverts these terms, and says, that in the following thermo-electric 
series, every metal is positive to those below' it, and negative to those above : 
in the deflection of the needle, bismuth and antimony boar the same 
relation to each other as silver and zinc in the single voltaic circuit, 
hence it flows from the antimony to the bismuth ; the latter, therefore, 
corresponds to the positive, and the former to the negative element: in 
this acceptation, therefore. Dr. Roget is correct: in the compound voltaic 
series, when the zinc end is called the positive^ and the copper the 
negative pole, the terms are of course reversed. 



Thermo-electric 

Voltaic Series 

Series of Conductors, 

Ser^ies. 

by Acids. 

of Electricity, 

of Heat. 

Galena 

Potassium 

Silver 

Silver 

Bismuth 

Barium 

Copper 

Gold 

Mercury 

Zinc 

Lead 

Tin 

Nickel 

Cadmium 

Gold 

Copper 

Platinum 

Tin 

Brass 

Platinum 

Palladium 

Iron 

Zinc 

Iron 

Cobalt 

Bismuth 

Tin 

Lead. 

Manganese 

Antimony 

Platinum 


Tin 

Lead 

Palladium 


Lead 

Copper 

Iron. 


Brass 

Silver 



Rhodium 

Palladium 



Gold 

Tellurium 



Copper 

Gold 



Silver 

Charcoal 



Zinc 

Platinum 



Cadmium 

Iridium 



Charcoal 

Rhodium. 



Plumbago 




Iron 




Arsenic 




Antimony. 
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All the phenomena of the thermo-electric current show it to depend 
upon considerable quantity opposed to very feeble intensity; and it is 
indeed sluggish even in its passage through metals, therefore directly 
opposed to common electricity. It is not cognizable by any means except 
the deflection of the magnetic needle, and has not hitherto been made 
to produce heat, or light, or chemical eifects, though it is said to have 
convulsed the limb of a frog (iVb&iYi, Bib, Univ,^ xxxvii., 15). A 
beautiful application of a thermo-electrical apparatus has been made by 
Nobili and Melloni {Bull, des Sciences^ 1831), and employed by the latter 
in his experiments on radiant heat: they construct^ a thermo-electric 
pile of thirty-six pairs of small plates of bismuth and antimony, and 
attached it to a delicate galvanometer: it was so susceptible of changes of 
temperature, and, therefore, so delicate a thermoscope^ as to be afiected by 
the warmth of the hand held at a considerable distance from it: in expe- 
riments on radiant heat it is rendered additionally sensible by covering 
one of its faces with a thin coating of lamp-black. 


§ 17. — Magnetism. 

There are certain native oxides of iron which are termed magnetic iron 
ores^ and which have the remarkable property of attracting iron filings: 
when, or by whom this property was originally discovered, is not known; 
but the Greeks called the iron ore from the name, as it is said, of 

a shepherd, who first observed it. Pliny describes it under the name of 
magnes. 

If a bar oi tetnpered steel be rubbed in a certain direction with this 
native magnet, or loadstone^ it is itself rendered permanently magnetic^ 
and acquires properties similar to those of its source. 

There are other means by which magnetism may be temporarily or 
permanently conferred on iron, and. even on other metals ; but steel is 
the only substance (with the exception of nickel) which receives and 
retains it*: of these sources of magnetism, electricity is among the most 
remakable, and a new branch of science has arisen out of the phenomena 
thus presented, called electro-magnetism; it is to render the details upon 
this subject intelligible, that I sliall here briefly describe the leading pro- 
perties of the common magnet, without,, however, entering into the 
extended and interesting theoretical reasonings which have been founded 
upon them, and which refer to the ultimate cause of this important and 
very recondite property t. 


* In making a magnet, a bar of steel is 
rubbed in pne directim by a magnet: 
great care is necessary in observing the 
direction, and not reversing it, fbr a 
powerful magnet may be presently un- 
made, or rendered unmagnetic, by passing 
a magnet over it in on opposite direction 
to that in wliich its magnetism had ori- 
ginally been conferred. A good abstract 
of the methods of making artificial mag- 
nets, will be found in the Library of Use- 
ful Knowledgey (Magnetism, p. 41.) 


f The compendium of magnetism and 
electro-magnetism by Dr. Koget, in the 
Library of Useful Knowledge^ Profcissor 
Cumming's Manual of Electrodynamics^ 
the articles on Magnetism *’ in the En- 
cyclopedia Metropolitana, and the papers 
of Professor Fai*^ay in the Phil. Trans.^ 
are the authorities to which I refer 
those who wish for information upon 
the above subjects, and for particulars 
incompatible with the object of this 
Manual, 
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The most obvious properties of the magnet are — 1, polarity; 2, attrac- 
tion of iron; 3, attraction and repulsion of another magnet; and, 4, the 
production of magnetism in iron by induction. 

1. Polarity. — If a slender bar, or needle, of steel rendered magnetic, 
be poised on a central point, or suspended by a thread so as to have per- 
fectly free motion in a horizontal plane, and to be uninfluenced by neigh- 
bouring ferruginous bodies, it will for a time oscillate to and fro, and 
ultimately settle in a position nearly north and south; and if again dis- 
turbed, it will vibrate, and ultimately assume the same direction, which, 
therefore, is called the magnetic meridian: this consti^es magnetic 
polarity^ and the ends of the needle pointing north and sou^are called its 
north and south poles. 

2. Attraction of Iron. — On bringing either pole of a magnet near 
a small piece of iron, it will be attracted ; and if iron-filings are used, they 
will cluster about the poles. From the way in which the filings adhere, 
it appears that in the common magnetic needle, the great attractive force 
,is near its extreme ends, or at its poles^ and that it diminishes towards 
the centre, at or near which no attraction exists. These attractions are 
mutual^ that is, the iron attracts the magnet, and vice versa. 


T- 


3. Attraction and Repulsion op another Magnet. — If we bring 
the pole of another magnet near that which is poised, we shall find that if 
the two similar poles be presented to each other, they exhibit a mutual 
repulsion; but that the dissimilar poles, mutually attract each other; 
here, therefore, we observe an analogy between magnetism and electricity 
(p. 223) ; for between similar powers there is repulsion^ and between 
dissimilar powers^ attraction. 

4. Magnetic Induction. — If a bar of iron be brought near a magnet, 
the iron acquires temporary, or induced magnetism; and here again 

159 an analogy to electric induc- 

n' S' n*' S 9 (P* 227) will be observed. 

* ‘ Let a, fig. 1.59,' represent a bar 

magnet, and b a bar of unmag- 
netic and soft iron^ brought to within a short distance of s, tlie south pole 
of a : it will then be found, that whilst in this situation, 6 is a magnet, 
the poles of which, n' /, are opposed to those of a, and consequently 
attraction subsists between s and w'y and if a second piece of soft iron, r, 
be placed near A, it will also become polar, w" being its north, and s" its 
south pole, consequently and will attract each other; on withdrawing 
a all magnetic properties in b and c immediately vanish. 

The experiment may be modified, as shown in fig. IGO, where a is the 
magnet, b a short bar of iron, c an iron key, and d several iron bullets ; 

lao the magnetism in 6, c, and d is here induced 

s n s^ n J hy a; the respective north and south poles 

are produced and attracted as before, and each 
bullet acquires a similar polarity by which they 
are mutually held together; if a be now care- 
fully withdrawn ta within a veiy short distance of 6, 6 c and d will still 
retain their induced magnetism ; but, on removing a to a greater distance,' 
b c and d will drop asunder, and all magnetism disappear. When, 
therefore, a cluster of iron-filings is held by the pole of a magnet, 


H 
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each particle of iron is polar, and the whole is an analogous result of 
induction. 

It has been observed that when a magnet is ■ acting upon a piece of 
soft iron by induction, as in the case of a and 6, fig. 159, the power or 
intensity of the magnetism in a sufiers an increase, and its poles, whilst 
under induction, have a greater attractive power, and will sustain a greater 
weight than when that influence is removed. 

According to Mr. Harris, the intensity of magnetic power developed 
by induction in an iron bar, is inversely as the distance of the inducing 
pole from the adjacent end of the bar on which it acts; and the intensity 
of magnetism induced on the remote end oi t.iic bar is, with the same 
inductive power acting ou the nearer cno, ‘uverseJy as the length of the 
bar. {Trans. R. S. Edin.^ I(i29.) 

When a magnet, instead of being applied as in fig. 1 59 to the end of an 
iron bar, is applied to its centre (fig. 161), lioth the extremities assume by 
induction, a magnetic state similar 
to that of the pole of the inducing 
magnet, and the centre, an opposite 
state ; and if the north pole of a 
magnet be applied to the centre qf 
a circular disc qf iron^ so that its 
axis may be perpendicular to it. the 
plate will have a central south pole^ 
and every part of the circumference will acquire the properties of a weak 
north pole^ as in fig. 162. The following simple experiment furnishes a 
useful illustration, of the pheiiomena of induction and of magnetic 
attraction and repulsion. Attach two shbrt 
pieces of iron- wire to a thread, and suspend 
them opposite to each ‘other as in fig. 163. 

Then bring the pole of the magnet, s, slowly 
towards them ; the wires will gradually diverge 
because they become magnetic by induction, 
and their north poles n », imd south poles s s^ 
are thus rendered similarly magnetic; but, on 
r vanning the pole of the magnet nearer to 
he wires, as in fig. 164, its attractive power 
overcomes the repulsion that exists between 
the ends n », and they are consequently drawn 
towards s, while *the repulsion between ^ ^ is 
increased. It is upon this principle that the 
filaments of polar iron-filings adhering to the 
pole of a strong magnet, diverge, or are repelled by each other. 

All the magnetic properties induced in soft iron cease when it is 
heated to bright redness; so that if we heat the whole of a small iron 
bar up to that point, and then bring it near a magnetic needle, it will not 
affect it ; as soon as it is cooled down to a common red heat the mag«* 
netism returns, and is stronger than in the cold iron : but there is one 
particular period during cooling, between the white and red heat, at 
which the induced polarity is inverted ; or in which the iron attracts the : 
needle the contrary way to what it does when it is cold« (Barlow, Phil. 
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Trans. 1822, p. 118.) We also find that tlie permanent magnetism 
of a steel needle is diminished by a moderate heat, and that a red heat 
totally destroys it. Mr. Faraday found the induced magnetism of nickel 
to be destroyed by a heat below redness, and conceives it probable that 
the unmagnetic metals are, at common temperatures^ in the same relation 
to magnetism as iron at a bright red heat^ and that at some very low 
temperature they would exhibit a similar relation to magnetism with 
that belonging to iron at common temperatures^. 

It is obvious, from the position assumed by the magnetic needle 
when freely moving in an horizontal plane, that there is sofli! attractive 
force in the earth, which causes it to assume a constant direction, and 
that what we have termed the north pole of the magnet, is attracted 
towards the north pole of the earth, and its south pole by the south pole 
of the earth ; and hence it is inferred, according to the above stated law 
of magnetic attraction, that the poles of the earth are in an opposite 
magnetic state to those of the needle. 

We find that the earth has a further influence upon an artificial 
magnet, which is only rendered evident when it is so suspended as to 
move freely in every direction. Under these circumstances, and in our 
latitudes, the north pole of the needle is attracted downwards^ as well as 
to the north, and assumes a position almost vertical, that is, making an 
angle with the plumb line of about 20^ : this inclination to the horizontal 
plane is called the dtp of the magnetic needle. 

These, and other phenomena, have been ascribed to the influence 
of a magnetic power in the earth : Dr. Halley regarded the globe as 
constituting a great magnet having four poles, two to the north and two 
to the south, at considerable and unequal distances from the poles of the 
earth. {Miscellanea Curiosa : as quoted by Dr. Thomson on Heat and 
Electricity p. 546.) Two of these poles, one to the north and one to 
the south, are supposed to be fxed^ the other two mofceahle. M. Hansteen 
has adopted a similar hypothesis, and the changes in the direction and 
dip of the needle, or the variation of the compass ^ have been referred to 
such causes t: these, however, are subjects which it is unnecessary to 
pursue here, and I have only thus far adverted to them, to remind the 
student of the necessity of taking the influence of the earth’s magnetism 
into the account, in all cases where we speak of this power, and to 
explain another cause of the temporary and permanent production of 
magnetism in iron and steel, resulting exclusively from the earth’s 
influence. 

When a bar of iron is held nearly vertical^ or in the direction of the 
dipping needle^ its ends are no longer indifferently attractive of a 

* In reference to the influence of fore has been progressively but slowly 
temperature upon magnetism, see a paper moving in a westerly direction, and has 
by Mr. Christie. (PhU. Trane,, 1825.) now passed to North America. At Lon- 

■|' In the year 1660, the magnetic don, the westerly variation continued to 
needle in London pointed exactly north increase till 1818, when it amounted to 
and south, London being at that time in 24^30'; this appears to have been its 
the line of no variation. Before that maximum, and since that time it hAs 
period, the variation was to the east, but somewhat diminished. The dip ha|^n<» 
after the year 1660, the variation became dergone corresponding changes : iiiT773 
westerly, the line of no variation there- the dip was 72* 19'; in 1830, 69® 38'. 
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poised magnet ; but (so long only as it continues in or near that position) 
it is polar ^ the lower end of the bar being a north pole, and the upper end 
a south pole^ and it affects the magnetic needle accordingly. We now 
need only place the bar in a horizontal position, and both ends then 
indifferently attract th^ poles of the needle; or in other words, the 
induction of the earth is neutralized and vanishes. It is not uncommon 
to find bars of steel, which have long remained in a nearly vertical 
position, permanently magnetic ; that is, polar; this is often the case 
with the poker and tongs: and there is a very curious mode of maldng 
a magnet, dependent upon the same cause, which consists in holding a 
bar of steel in the direction of the magnetic dip, and striking it whilst 
in that position, a few smart blows with a hammer : the upper and lower 
ends tlien become south and north poles. If a bar of steel already 
magnetized, and not in this position, be similarly treated, it loses its 
magnetism: and hence the necessity of caution in using good magnets, to 
avoid striking them or letting them fall, by which their magnetism is 
more or less weakened. 

The manner in which the magnetic force emanates from the poles of 
a magnet is well illustrated, by placing two magnetized bars with their 
opposite poles about an inch asunder, under a sheet of writing-paper, and 
then sifting iron filings upon the paper: they will assume a peculiar and 
beautiful arrangement, showing the direction of the magnetic curves^ (some- 
what as in the annexed figure 165), which is perfected by gently shaking 
or tapping the paper to assist their 
polar adhesions. If we place a piece 
of soft iron between the poles, and 
within the curves at c, it becomes, as already explained, magnetic 
by induction. These curves or currents are well shown between the 
poles of what is commonly called a horse^shoe magnet^ in which the mag- 
netized bd,r is bent into that form (fig. 166). n s are its north and south 
poles; ^ 71* arc the induced north and south poles of a bar 
of soft iron, commonly called the holder^ and which, when 
applied to the magnet, is powerfiilly attracted. A scale 
may be conveniently attached to the holder for determining 
*the power of the magnet by the weight which it mil sustain. 

As iron and steel, when free from magnetism, are attracted 
only in consequence of induction, it follows that the degree 
of susceptibility to induction may be measured by the at- 
traction which results from this property. With this view 
Mr. Barlow {Phil. Trans. 1822, p. 117) made a series of 
experiments to ascertain the relative attraction which different species of 
iron and steel had for the magnet, and obtained the following results, the 
relative magnetic power of each substance being expressed by numbers. 


Malleable-iron 

• 100 Hard blistered-steel 

. 53 

Soft cast-steel . 

. 74 Hard shearnsteel 

53 

Soft blistered-steel 

. 67 Hard cast-steel . 

. 49 

Soft i^ear-steel 

. 66 Cast-iron 

48 


Mr. Hatchett found that the protosulphuret and phosphuret of iron, 
were susceptible of receiving and retaining magnetism; in this respect, 

X 2 
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therefore, they resemble the protoxides of that metal, and the protocar- 
buret^ or steel: the peroxides, the persulphurets, and plumbago, natural 
and artificial, are not magnetic: his suggestions, in reference to the 
magnetic properties of the above compounds, and of the circumstances 
which interfere with those of the varieties of cast-iron, deserve further 
consideration . — {Phil Trans., 1804.) 

§ 18 . — Electro-Magnetism*. 

Having, in the preceding section, defined the meani^ of the term 
magnetism, we now proceed to examine the evolution of magnetism by 
electricity j this important discovery was made in 1819, by Professor 
CErsted of Copenhagen. 

All the effects we are about to describe depend entirely upon electricity 
in motion, or upon electric currents, and are directly proportionate to the 
quantity of electricity: nothing of the kind is produced by electricity of 
tension, nor are they apparently increased by increasing the intensity of 
the current. Hence, for their developement, voltaic electricity is infinitely 
more effective than common electricity; and the voltaic arrangements 
employed, all depends upon the surface of the plates, and nothing upoja 
the number of their alternations: hence also perfect metallic contact of 
the conductors employed must be observed. 

When a wire transmitting the volta-electric current (and which may be 
called the connecting wire) is brought near a common magnetic needle, it 
has the power of attracting and repelling it, in obedience to very peculiar 
laws. If a magnetic needle be left to take its natural direction, and then 
a straight portion of the connecting wire be brought above and parallel to 
it, the end of the needle which is next the, negative pole of the battery 
moves towards the west, and that, whether the wire be on the one or other 
side of the needle, so that it be above and parallel to it. If the connecting 
wire be sunk on either side of the needle, so as to come into the horizmital 
plane in^which the needle is allowed to move, there is no motion of the 
needle in that plane, but the needle attempts to move in a vertical circle, 
and but for the imperfect suspension, and the earth's magnetism, would do 
so. W'hen this wire is on the east of the needle, the pole next the negative* 
end of the battery is elevated, and when on the west of the needle it is 
depressed. If the connecting wire be now-sunk below the level of the needle, 
similar attractions and repulsions take place, but in opposite directions to 
those followed when it is above. The pole of the needle opposite the 
negative end of the battery now moves eastwards, whatever the position 
of the wire, so that it be restricted as above. 

ItL discussing the relations of the electric and magnetic currents indi- 
cated by this experiment, it may be useful, instead of indiscriminately 
using the terms north and south, east and west, and negative and positive, 
to employ them 'in reference to the following position. If we stand with 
the face towards the north, and the current of electricity pass in the same 
direction, i^at is from the south to the north (parallel with the magnetip, 

* The reader who may be desirous of oiisly consult Mr. Pftraday's, ‘f^Ilistorical 
historical detuls and i^erences to* au- Sketch of Electro-magnetism,** in the 

there, upon this subject, may advantage* Annals qf PtMssiophy,-^l!^em'Senes: ii.) . 
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meridian), then the magnetic needle, when above the electric current, will 
turn to the lefty or to the west; and below the current, to the right or to 
the east: its north pole will' be elevated when on the east side of the 
current, and depressed when upon the westy and will have a tendency, 
therefore, to revolve round the electric current in a direction from east to 
westy or from right to left. 

In the diagram (fig. 167) the 

^electric current is supposed passing i JL ^ ^ 

through the conducting-wire p n ^ 

(1), in the direction sn, in which / \ t / \ 

case the magnetic needle, placed ^ ^ ^ ja 

above ity is deflected towards the V / \ / 

westy and in ( 2 ), placed below ity ^ 

is deflected t<fthe east. g j 

The following contriyance of Dr. 

Itoget is useful in assisting the memory respecting the details of these aflec- 
tions. AB (fig. 168) is a slip of card, on each side of which a line ab is 
drawn along the middle of its length, the end a being marked +9 the end 
b ^ y and the centre c,beingprossed by an arrow at right angles to it, directed 
as in the figure. Through the centre and 
^t ri^ht angles to the plane of the slip of 
cd^ tJ'^ere is made to pass a slender stem 
of'* wood, at the two ends of which are 
fixed, in planes parallel to the slip of card 
AB, the circular discs of card, marked re- 
spectively with the letters n and s, and 
with arrows parallel to, but pointing in a 
contrary direction to the one at c. The I 
same marks must be put on the reverse 
of each of the three pieces of card, so that 
when held in different situations they may 
be seen without turning the instrument. 

If the line a 6 be supposed to represent 
the galvanic wire (the direction of the 
current of electricity being denoted by the signs + and — , at the ends 
of the line), the arrow at the centre will point out the direction in which 
it tends *0 move, when imder the influence of the north pole of a magpot 
situated at n; or of a south pole situated on the other side at s: and, 
vice versdy the arrows at n and s will indicate the directions in which the 
north and south pole, respectively, tends to revolve round the galvanized ^ 
wire in its vicinity, with relation to the. direction of the current of elec- 
tricity that is passing through it. 

It must be observed that the poles n and s are here not comiidered as 
in connexion with each other, or as forming parts of one magnet: their, 
operations are exhibited singly, and quite independently of each other. 
The advantage of this little instrument consists in its being capable of 
Ifeing held in any situation, and thus easily adapted to the ciijsumstances 
of any fact or experiment of which we may wish to examine the 
theory. 

All substances, whic^ admit of the transfer of the electric current, 




310 


KLECTKO-MACNETISM. 


exhibit similar phenomena; but the best conductors, or those which appear 
to afford the least resistance to the current, are those which become most 
powerfully magnetic: the metals, therefore, stand in the order of their 
electro-conductive powers; and when liquids are used, the best conductors 
among them arc those by which the magnetic needle is most powerfully 
affected. The electric current itself, when passing through rare air, 
exhibits the same phenomena. Eveiy part of the conductor, of course, 
exhibits similar phenomena, and everything through which the current is 
passing; the connecting-wire, therefore, so long as the current is passing 
through it, is everywhere attractive of iron-filings, an^^he voltaic pile 
itself acts upon the needle, precisely as the connecting-wire. 

From the manner in which the needle is affected when placed parallel 
to either side of the electric current, it was inferred that a current of 
magnetism (as it may be termed) is put into motion by the^electric cur- 
rent, so as to circulate, as it were, at right angles to the latter: hence 
Dr. Wollaston termed it vertiginous magnetism; or, as Mr. Barlow ex- 
pressed it, the magnetic force exerts a tangential action. Let us, there- 
fore, suppose fig. 168 to represent the conductor 
• through which the electric current is passing from 
end to end in the direction of the dart p, then the 
small arrows will represent the direction of the cir- 
culating current of magnetism. In fig. 169 both 
currents are moving in the opposite direction. 
Supposing the wires or conductors above repre- 
sented placed side by side and parallel to each other, they will obviously 
be magnetically repulsive^ because similar magnetic polarities (as shown 
by the horizontal darts) are opposed to each other ; but if we invert either 
conductor, or, what amounts to the same thing, change the direction of 
the electric current in it, they will then become magnetically attractive^ 
because the dissimilar magnetic polarities are then opposed to each other. 
So that two wires in which the electric current is passing in the same 
direction are magnetically attractive; and two wires, in which the electric 
current is passing in opposite directions, are magnetically repulsive. 

Impressed with this view of the relative motions of the electric and 
magnetic currents, Mr. Faraday conceived that the pole of the magnet 
ought to revolve about the electric conductor, and the electric conductor 
about the pole of the magnet,' and by the following very ingenious appa- 
ratus he succeeded in the experimental verification of the theory*. 

Fig. 170 represents two glass vessels, a and b, placed side by side, 
with their appendages. In a the motion of a magnetic pole round the 
connecting-wire (or electric current) is produced, and in b the connecting- 
wire moves round the pole of the magnet. That a current of electricity 
may be established through the cup a, a hole is drilled at the bottom, and 
into this a copper pin is ground tight, which projects into the cup, and 
is rivetted below to a sm^l round plate of copper, which forms part of 
the foot of the vessel, and communicates with the connecting-wire a. A 
small cylindrical and powerful magnet h has a piece of thread fastened to 

* Mr. Faraday’s original papera on this pp. 73, 186, 283, and 416. The date of 
subject will be found in the Quarterly the first is September 11, 1821. 

Journal of Science and the Arts, vol. xii., 
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one of its poles, the other end ^ 

of which is attached to the oa |1 

copper pin at the bottom of y 

the cup, and so adjusted, that | ~ ffc 

when the cup is full of clean 

mercury f the free pole 6 floats n 

almost upright at the surfause. ^ /if f/ 

*The stem of the vessel n is -pp /rlT-^ 

tubular, and a copper socket uV.y 

is attached to its copper foot, HH 

in connexion with the con- BWH ] llli 

ductor a'j which holds the U| 

magnet, b\ projecting above — Hi • 

the centre of the mercury. In ^ X 

these cups of mercury, there- ^ 

fore, the two magnets are 

similarly arranged, except that in a the pole is moveable, and in b, fixed, 
c is a brass stem and cross-wire prolonged by a smaller wire into the cup 
of mercury a, on one side, and on the other into n, but on this side the 
conducting-wire c is suspended by a loop, so as freejy to move round the 
end of the magnet //. If a be now connected with the positive, and a' 
with the negative, voltaic wire, so that the electric current may traverse 
the apparatus in the direction of the darts, the moveable magnetic pole h 
will revolve about the fixed conductor; and the moveable conductor c 


will revolve about the fixed magnetic pole hi. On changing the direction 
of the electric current, that of the respective rotatory motions will also be 
changed. 

Since this discovery, a great variety of rotatory electro-magnetic appa- 
ratus has been suggested and contrived, in which the electric and mag^ 
netic currents are mutually made to produce the revolutions of conductors 
about each other, and about their own axes, in most of which volta- 
electricity, and in some, thermo-electricity is used; of these, a good 
account will be found in the Library of Useful Knowledge already quoted, 
and in Mr. F. Watkins' popular sketch of electro-magnetism and electro- 
dynamics. 

lleferring to the statement just given of the manner in which the 
magnetic needle is aflected by the electric current, the construction and 
use of that valuable instrument the galvanometer^ originally suggested by 
Schweigger, will easily be understood. In its simplest form it consists of 
a magnetic needle, so poised as to be affected by an electric current passing 
above and below it, as in fig. 171 , where p and n are two small copper 
cups, each containing a little mercury, 
for the purpose of connexion with 
the voltaic or other source of the 
electric current, which, moving in 
opposite directions in the upper and 
lower portions of the wire, as shown 
by the darts, will conspire in both 
cases, to deflect the needle from its 
natural position, in the same direc- 
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tion, and to bring it into a position nearer to a right angle to the plane of 
the wires. To multiply this effect, and to render the instrument a more 
susceptible indicator of feeble electric currents, the convolutions of the 
wire are multiplied, and the lateral transfer of electricity prevented, by 
coating it with silk, or sealing-wax; and instead of supporting the nee^dle 
upon a pivot, it is suspended by a fine thread of silk, or, as suggested by 
Professor Ritchie {Phil Trans.^ 1830, p. 218), by a filament of spun- 
glass j the sensibility of the instrument is further increased by emplopng 



two needles, one above and the other 
within the coil, and. placed parallel, 
but with their poles opposed, so as 
to neutralize the magnetic influence 
of the earth: to this instrument a 
divided circle is so attached as to 
enable the observer readily to read 
off the deviation. This form of gal- 
vanometer, or electro-magnetic mul- 
tiplier^ is shown in fig. 172 (in sec- 
tion) n j is the lower needle, sur- 
rounded by the coil^^ of wire, and 
connected with the upper needle, s n, 
by an intermediate piece of straw, 
which passes through the upper part 
of the horizontal coil, and through 
the circular card above it, on -which 
the graduated circle is drawn, and is 
attached to the torsion filament sus- 
pended from a screw, supported by 
the frame of the instrument. 


From the direction of the magnetic as opposed to the electric current, 
it is obvious that an iron or steel needle placed transversely to the 
connecting-wire as in fig. 173, will acquire magnetic polarity^ and that 
p if p N represent the conducting- wire, and s n the needle, 

^73 n the nature of its polarity will depend upon its being above 

or below the electric current. But in thus making a 
magnet, either temporarily of iron, or permanently of 
steel, a great increase of power is obtained by winding 
the connecting-wire (which in this case must be covered 
N with silk to prevent contact of the metallic surfaces) 

round the iron bar, in the form of a close spiral^ the effect of which will 
be, in the first place, a close assimilation in the coil itself to a magnetic 
needle, and in the next, a great increase in the general magnetic effect, 
as will be apparent from the following considerations. Let p n, fig. 174, 
174 ^ ^ represent a straight conducting-wire, in 

h (TVvTYTTTTT^w which an electric current is passing in the 

— I direction of the large dart, and the small 

darts, the direction of the magnetic influence or vortex : if we then coil 
this wire into a spiral, the ma^etism will tend the same way in each 
convolution, as in fig. 1759 where the connecting-wire, (in which the 
direction of the ^magnetic current is indicated by the darts,) is sup- 
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posed to be wound spirally round a glass tube, and where ns repre- 
sents a steel bar in the axis 
of the tube and spiral, in 
which case it becomes a 
powerful magnet. If a glass 
tube thus surrounded by a 
coil of wire traversed by 
the electric current be held 
vertically^ it will actually draw up an iron needle and retain it in Its 
axis, against the force of gravity. 

If such a wire be wound round a bar of soft iron, it is rendered a 
very powerful magnet during the passage of the electric current ; and 
by employing a bent bar of iron, (fig. 176) and con- 
necting the extremes of the wire p and n with the 
positive and negative mercurial cups of the single 
voltaic plates shown in fig. 129; a most poweifid 
form of the magnet, exactly resembling fig. 166, is 
obtained. 

From the description of the heliacal or spiral 
arrangement just given, we can understand how a 
voltaic magnet may exactly resemble a common mag- 
net, in its obedience to other magnets and to the 
earth's polarity. This is well shown in De la Rive's 
Jloating electro-magnet (fig. 1 77)i in which the copper 
cup and zinc plate forming the simple vpltaic circle, is 
inserted into a glass cylinder adapted for floating in 
water : the ends of the spiral being soldered to the 
wires N p. Here the spiral represents the magnetic 
needle, placing itself in the magnetic meridian, and being obedient to 
another magnet brought to either of its poles. 




We have an interesthig modification of this appararus in De la Rive’s 
single or circular magnetic coil, which may be constructed as the preceding, 
or more simply, as follows, z o (fig. 178) are a zinc and copper plate 
attached to a piece of cork sufficient to float the whole apparatus, 'with 
the plates immersed in a basin of dilute sulphuric acid. A copper wire 
is soldered to the copper plate, and being covered with silk thread is 
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formed into six or eight circular convolutions, its other end being soldered 
to the zinc plate. When this arrangement is floating in dilute acid, a 
current of electricity tmverses the circles of wire in the direction of the 
darts, and a magnet n s presented horizontally to its axis causes the ring 
to move towards it, till it reaches its centre, where it pauses in a state of 
equilibrium. If we now withdraw the magnet, and reversing its poles, 
(whilst the ring is held in its first position,) pass it half way through the 
ring^ it may possibly again remain in equilibrium, but the slightest change 
of position causes it to move with an accelerated velocity towards the 
pole nearest to it, and getting clear of the magnet is fii^ repelled, then 
turning round so as to present its opposite face to the magnet, it is 
attracted, and passing again over the pole of the magnet, rests in equili- 
brio at its centre, or at what may be called the magnetic equator. In 
the first position it was equally attracted by the two poles, and in the 
second equally repelled. 

§ 19. — Magneto-Electricity*. 

Under this term, I shall describe another branch of electrical science, 
vying in interest and importance, with the discovery of (Ersted detailed 
in the last section, and being in fact the converse of it^ namely the pro- 
ductim of electricity by magnetism^ for which we are exclusively indebted 
to Mr. Faraday. — {Phil. Trans. ^ 1831.) 

From the statements in the last section, it is evident that magnetism 
is in some way produced by electricity, in motion; now it occurred to 
Mr. Faraday, in consequence of certain phenomena which he observed, 
and which he has described under the terms volta-electric^ and 
magneto-electric inducivgfn^ that magnetism in motion ought to produce 
an electric current, and he succeeded in verifying this important con- 
clusion as follows : a long spiral coil of copper-wire, covered as in the 
former experiments with silk, was connected by its extremities with the 
galvanometer, the deflection of which would of course announce a current 
of electricity in the spiral and wires connected with it : he now found, 
that in the act of introducing the pole of a powerful bar-magnet within 
the coils of the spiral, a deflection of the galvanometer took place in one 
direction, and in the act of withdrawing it took place in the opposite 
direction; so that each time the conducting- wire cut the magnetic 
curves, a current of electricity was, for the moment, produced in it. He 
afterwards devised the following curious modification of this experiment: 
c (fig., 179 ) is a copper plate so mounted as to admit of revolving upon 
its axis; n, s, are the poles of a powerful horse-shoe magnet, so placed as 
to admit of the revolution of the circumference of the plate between them, 
ww' are conducting-wires, one of which is retained in perfect metallic 
contact with the axis, and the other with the circumference of the plate 
at the point between the poles n, s. These wires terminate in the galva- 

* Any extended details upon tbis searches in electricity, read before the 
extremely curious subject would be mis- Royal Society, on the 24th of November, 
placed in a Mamuil of Chemistry : 1 must, 1831, and published in the Phil, Trans., 
therefore, refer for them to Mr. Fara- for 1832, p. 125. 
day’s first series of experimental re- 
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nometer g. When the copper plate is made to revolve fiom right to left, 
a current of electricity is produced, in the direction of the arrows, and 
deflects the galvanometer accordingly. If the revolutions of the plate, or 



tlie poles of the magnet be reversed, the electric current moves in the 
opposite direction*. 

Mr. Faraday not only succeeded in ' obtaining galvanometrical indi- 
cations of an electric current, but, by another modification of the arrange- 
ment in which the electric current was induced by an electro-magnet, he 
actually succeded in obtaining the electric spark. — {Phil. Trans.^ 1 832, 
p. 132.) The electric spark was afterwards obtained from a common 
magnet, by Nobili and Antinori, and in this country by Professor Forbes 
(Phil. Trans. Edinh.^ 1832). For this purposc^a helix of copper wire 
was formed round the middle of the soft iron holder of a powerful horse- 
shoe magnet; on making and breaking the contact between the holder and 
the magnet, magnetism was alternately created and destroyed within it : 
at these periods of transition, electric currents were induced in the helix, 
and on so arranging the conducting- wires as at these moments to make, 
and break contact with mercury, a brilliant spark was observed at each 
motion of the holder. By making the poles of a powerful horse-shoe 
magnet revolve rapidly before a soft iron armature supplied as in the 
former case with a helix, or what is still better, causing the armature and 
helix to revolve before the poles, an electric current is obtained, which 
not only gives continuous sparks, but ignites wire, decomposes water, and 
produces powerful shocks. These magneto-electric machines afl^ now 
commonly constructed with a powerful magnet, and whilst they furnish 
a beautiful illustration of the production of electricity by moving 
magnetism, seem also to promise some advantage in the mescal appli- 

* In the year 1824, M. Arago discovered Trans.y\9Q&, p. 467.) These phenomena 
that a magnet suspended over, and pa- are explained by the electric currents in- 
rallel to the surfaces of a horizontal ro- duced in the copper plate by its rotation 
tating copper plate, acquired a tendency within the magnetic curves, which cur- 
to revolve in the some direction with the rents flow at right angles to the direction 
plate; and also that a rotatory magneit of the motion. (Faiaday, PAit. Trans. , 
tended to give a similar rotatory motion 1832, p. 146.) 
to a contiguous disc of copper. — (Phil. 
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cations of el^tricity, and have been elegantly applied to the purpose of 
obtaining instantaneous light, by causing the spark to inflame the wick 
of a small spirit-lamp. 

From the manner in which a magnet in motion induces an electric 
current, it was presumed that the earth's magnetism might be rendered 
subseryieut to the same purpose, and Mr. Faraday found that a soft iron 
cylinder, introduced into the helix, as above described, and placed in the 
direction of the dipping needle, occasioned a deviation in the galvano- 
meter; he even found that in a wire, or helix, moved at right angles to 
the dipping needle, so as to cut the magnetic curves o^9the earth, an 
electric current, sensible to the galvanometer, was induced; and that the 
rotation of a copper globe, or of a plate placed at right angles to the dip, 
produced the same effect; hence he coucludes that the conducting matters 
of the earth's crust may be similarly affected by its diurnal revolutions, 
so as to induce electric currents flowing towards the poles, and suggests 
the possibility of the production of the Aurora, by returning electric 
currents from the poles into the atmosphere. 

We must here bring to a conclusion this brief outline of electricity, 
and of the extraordinary phenomena arising out of it, such as the attrac- 
tions and repulsions of masses of matter, chemical afiinity, heat, light, 
and magnetism: how these attributes of matter are connected, or what is 
the true nature of their mutual dependence, are questions for future 
decision, when probably the whole subject will be simplified by referring 
them to one ultimate cause, in which it is not improbable t^t even gravi- 
tation may itself be included. From what has already been attained in 
this branch of science, some anticipations may be fairly formed of its 
probable progress hereafter; and if^ among these, we admit the possibility 
of a more unlimited command than we at present possess over the pro- 
duction or extrication of this extraordinary agent, our speculations would 
assume a very extensive and interesting aspect; its chemical powers 
would be perpetually called into action as a substitute for the more 
. sluggish or circuitous and difiicult methods of ordinary decomposition; its 
single application to the evolution of oxygen and hydrogen from water, 
would alone work wonders ; and even as a direct source of heat and light, 
its applications and uses would be gigantic and endless; whilst the facility 
of its conveyance and transmission, its ubiquity, and its varied attributes 
in those different states which we, for want of njore explicit knowledge 
of their cause, have termed quantity and tension^ seem to point it out as 
of unlimited application to human uses. 
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Chapter V. 

OP Simple substances. 

Under the term simple or elementary substances, vre include all those 
bodies which have hitherto resisted decomposition, or resolution into 
simpler forms of matter; and although it maybe presumed that some, or 
perhaps many of them, are in reality compounds, and that they will be 
proved to be so, as science advances, and our means of investigation are 
extended and improved, yet in the prefsent state of our knowledge, in 
whidb experiment and not hypothesis is resorted to as the ultimate test, 
these substances, numerous and varied as they are, have afforded no 
satisfactory indications of their compound nature, and must, therefore, 
be considered not as undecomposable but undecomposed. These sub* 
stances, amounting to fifty-four in number, are alphabetically enumerated 
in the following table, and their equivalents (p. 216 ), and the abbreviations, 
or symbols by which they are represented in this work, are annexed. 

Simple Substances. 


Ecpiiv. SymboL Eqinv. Symbol. 


1. Alumium 



. 10 

aL . 

28. Mercury 

200 

hg. 

2. Antimony . 



65 

an. 

29. Molybdenum . 

. 48 

mol. 

3. Arsenic 



. 38' 

ar. 

30. Nickel 

28 

nic. 

4. Barium 



70 

ha. 

31. Nitrogen 

. 14 

n. 

6. Bismuth 



. 72 

bi^ 

32. Osmium 

. 100 

08. 

6. Boron 



20 

bo. 

33. Oxygen 

8 

0. 

7. Bromine 



. 78 

b. 

' 34. Palladium 

. 54 

pal. 

8. Cadmium . 



56 

cad. 

35. Phosphorus . 

. 16 

P- 

9, Calcium 



. 20 

cal. ' 

36. Platinum . 

96 

pla. 

10. Carbon 



6 

car. 

37. Potassium 

. 40 

po. 

11. Cerium 



. 48 

ce. 

38. Rhodium . 

45 

rh. 

12. Chlorine . 



36 

c. 

39. Selenium 

. 40 

se. 

13. Chromium 



. 28 

chr. 

40. Silicium 

8 

si. 

14. Cobalt 



30 

cob. 

41. Silver.. . 

. 110 

ag. 

15. Columbium 



. 185 

col. 

42. Sodium 

24 

so. 

16. Copper 



32 

cu. 

43. Strontium 

. 44 

sir. 

17. Fluorine 



. 18 

A 

44. Sulphur 

. 16 

s. 

18. Glucinum . 


• 

18 

gl- 

45. Tellurium 

. 32 

tel. 

19. Gold 



. 200 

au. 

46. Thorium 

60 

th. 

20< Hydro^n . 


• 

1 

h. 

47. Tin 

. 58 

sta. 

21. Iodine 



. 125 

i. 

48. Titanium . 

24 

ti. 

22. Iridium 


• 

96 

ir. 

49. Tungsten 

. 100 

tu. 

23. Iron 



. 28 


50. Vanadium 

68 

oa. 

24. Lead 


• 

104 

pi. 

. 51. Ui^ium' 

. 217 

ur. 

25. Lithium 



. 10 

li. 

52. Yttrium . 

32 

yt. 

26. Magnesium 



12 

mag. 

53. Zinc 

. 32 

zn. 

27. Manganese 



. 28 

man. 

54. Zirconium 

30 

zir. 



OF SIMPLE SUBSTANCES. 


«I8 

The preceding list admits of an easy, obvious, and useful division, into 
substances which are^ and which are not metallic^ and there are general 
analogies among the metals which enable us to subdivide them into 
classes: but wi& respect to the non- metallic bodies the subdivision is 
more difficult, and the principles of classification usually applied to them 
are, in many respects, objectionable. If their arrangement be founded 
either upon their general electrical or chemical relations, as, for instance, 
into electro-negative and electro-positive bodies, or into supporters of 
combustion and combustibles^ or into acidifying and acidifiable substances, 
difficulties occur in the details^ which are of great practicar'£convenience ; 
for the electrical arrangement brings together substances extremely dis- 
similar in their chemical characters, such, for instance, as oxygen and 
sulphur, both of which are electro-negative bodies, or anions; and the 
chemical arrangement leads us at one time to class oxygefi with sulphur, 
both being supporters of combustion; and at another to separate them, 
in consequence of oxygen being eminently a supporter of combustion, and 
sulphur as eminently a combustible. Again, in regard to the terms 
acidifying And acidifiable; oxygen and chlorine arc included among 
the former, 4ld hydrogen and sulphur among the latter; yet oxygen 
and chlorine combine with each other to form acids, and neither 
of them being, in any sense of the term, combustible^ it is difficult 
to say which is the acidifying and which the acidifiable element: the 
compound of hydrogen and sulphur is also acid, yet both hydrogen and 
sulphur are combustible^ and hydrogen is acidifiable in respect to chlorine, 
as sulphur is in respect to oxygen. In all these arrangements, too, 
nitrogen stands out (regarding it as elementary,) as an obstinate excep- 
tion; it is acidifiable by oxygen, but it Is alkalifiable by hydrogen; it is 
rieitiiier combustible^ nor is it in any case a supporter of combustion; and 
its electro-chemical relations are doubtful; indeed the distinction between 
some of these bodies and the metals is not in all cases very definite: there 
are strong analogies between arsenic, and selenium, and sulphur, so that 
Berzelius actually arranges selenium with the metals; and some forms of 
carbon approach so closely in their characters to those of a metal, that 
Dobereiner speaks of carhonium as a metal. Under all these difficulties, 
many writers have rejected the electrical and chemical analogies of the 
unmetallic elements as the basis of their classification, and have arranged 
them, in reference to their supposed importance as chemical agents, and 
to convenience of discussion: Berzelius divides them, generally, into oxygen^ 
which he places by itself as a supporter of combustion, and into inflam- 
mable substances^ in which he includes all the other elements; and then, 
adverting particularly to the unmetallic suVistances, he subdivides them 
into three classes, namely, — 1. Permanently elastic or gaseous bodies 
(Gazolpta): oxygen, hydrogen, nitrogen. 2ndly. Metalloids: sulphur, 
phosphorus, carbon, boron, and silicon. 3rdly. Salifying substances 
\Halogeniay. chlorine, fluorine, iodine, bromine. Almost all agree in 
placing oxygen at the head of the list; but scarcely any systematic writers 
concur in the order in which they describe the remaining unmetallic ele- 
ments; except, indeed, that they usually place hydrogen after oxygen. 
But the most important difference amongst them is, in what relates to 
the compound substances^ some describing them along with, or immediately 
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after, their respective elements: and others giving the abstract history of 
each element separately, and then referring to their mutual combinations. 
It would be useless to point out in detail the objections which may be 
made to each systematic arrangement, for, after all, that will be preferable* 
which is best calculated to guide and assist the student in the acquisition 
of the leading facts and doctrines of the science, and which is, at the same 
time, most convenient for reference. Under these circumstances 1 have 
retained, with such modifications as the progress of chemistry has rendered 
necessary, the general plan adopted in the former editions of this work. 
Oxygen, and the bodies associated with it in many of their electrical and 
chemical habitudes, stand first on the list (the Halogenia of Berzelius); 
and these are succeeded by the inflammable and acidiBable bases; but 1 
have not thought it advisable, for reasons just mentioned, to divide them, 
as formerly, into two classes: they will be described, therefore, in the 
following order: 

1. Oxygen. 

2. Chlorine, and its combinations with oxygen. 

3. Iodine, and its combinations with oxygen and chlorine. 

4. Bromine, and its combinations with the three precedii^ substances. 

5. Fluorine, and its combinations with the four preceding substances. 

. 6. Hydrogen, and its combinations with the five preceding substances. 

7« Nitrogen, and its combinations with the six preceding substances. 

8. Sulphur, and its combinations with the seven preceding substances. 

9. Selenium, and its combinations with the eight preceding substances. 

10. Phosphorus, and its combinations with the nine preceding substances. 

11. Carbon, and its combinations with the ten preceding substances. 

12. Boron, and its combinations with the eleven preceding substances. 


Arranging these substances according to their analogies as pointed out 
by Berzelius, they would stand as fdilows, but such airangement, if here 
adopted, would, 1 think, be less convenient in its details than that which I 
have proposed. 

Gazolytes. Halogens. Metalloids. 


Oxygen. 

Hydrogen. 

Nitrogen. 


Chlorine. 

Iodine. 

Bromine. 

Fluorine. 


Sulphur. 

Selenium. 

Phosphorus. 

Carbon. 

Boron. 

Silicon*. 


I have not here separately enumerated the compounds^ as they will 
be found in the table of cofUents^ by reference to which it will also be seen 
that the same general plan is adopted in respect to the metals,, the prin- 
ciple on which they are classified being stated in the preliminary observa- 
tions on their general properties. 

The origin of the names by which the simple substances are distin- 

gaished, will be found under their indlTldual history, but it will be necses* 


* 1 have retained Silicon, or SUicium, 
among the metals for the convenience 
which such arrangement affords in de- 
scribing some of its most important 


compounds, such as glass, aarlificial gmns, 
and coloured glasses, in which the metals 
and their oxides ore so essqutiaUy con- 
cerned. 



OF SIMPLE SUBSTANCES. 

sary here to advert to the general principles of nomenclature applied to 
their tnutual combinations. 

* All the combinations of oxygen, chlorine, iodine, bromine; and fluorine, 

^ vrith the iitfl^mables and the metals, which are not acid^ are called 

oxides^ chlorides^ iodides^ bromides^ oxA jluorides: the combinations of the 
infl ammab le substances with each other, and with the metals, are distin- 
guished by the termination uret^ as sulpkuret^ phosphuret^ &c. and in 
some cases the combinations of certain metals with each other are similarly 
designated; thus we speak of arseniurets^ telluretSy and antimoniurets. 

^ * The different proportions of oxygen in the oxides ar^^stinguished by 
a prefix derived from the Latin or Greek numerals ; thus we have prot- 
oxide^ deutoxide or binoxide^ tritoxide or teroxide^ for the first, second, 
and third stages of oxidizement; and the highest degree of oxidizement is 
termed peroxider when the proportions of oxygen in an oxide are as 
1 to 1^, or intermediate between the protoxide and deutoxide, the com- 
pound is termed a sesqui-oxide. If the oxide is so constituted as to con- 
tain 2 atoms of base, and 1 of oxygen, it is then termed a suboxide^ or, 

. more definitely a dioxide. The same distinctive nomenclature is applied 
to the chlorides, iodides, sulphurets, phosphurets, &c. 

The names of the acid compounds of oxygen are derived from their 
bases, and where there is only one, it is usually designated by the termi- 
nation ic, as Carbonic acid. Boric acid. Cyanic acid, &c.; where there 
are two acids of the same base and oxygen, that containing the smallest 
proportion of oxygen is distinguished hj the termination one, and that 
containing the larger proportion by the termination ic; as arsenious and 
arsenic acid: where there are more than two acid compounds of the same 
base, more complicated terms are requisite, of which the nomenclature of 
the acids of sulphur forms a goqd. example; these are four in number, and 
are termed — 1. i^^posulphurot/^ aeidf 2. sulphurous acid; 3. Ayposulphuric 
add; 4. sulphuric^idj^ and occasionally the acid containing the 
of oxygen is further distinguished by the prefix per or oxy: thus we 
sometimes use the terms oxychloric acid, permanganic acid, &c. The saline 
combinations of the acids ending in ous are distinguished by the termination 
i7e, and of those ending in tc, by the termination ate: thus we have a 
hyposulphite, a sulphite, a hyposulphite, and a sulphate of pptassa, &c., and 
where the acid and base unite in more than one proportion, a distinction 
similar to that applied to the oxides is resorted to ; thus the compound of 
one atom of potassa and two of sulphuric acid is a iisulphate of potassa: 
that of two atoms of oxide of lead and one of nitric acid, a dinitrate of 
lead: these are also sometimes called eapersulphate of potassa^ and sub^ 
nitrate of lead; but the preceding terms are more definite. Lastly, the 
same acid occasionalljf forms distinct compounds with the protoxide and 
peroidde of the same metal, forming protosalts end persalts. Thus we 
have a pro/osulphate and a persulphate of iron, &c. Other more complex 
cases of nomenclature occasionally arise out of the preceding, which, 
however, will be sufficiently intellipble when they occur, by reference to 
the context. 

* Some writers employ the terms I and iodide; and sulphide instead of sul- 
eKhruret and iodwrei, instead of chloride | phuret, &c. 
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Chemical Symbols.— It may^now be necessary to say a few words 
respecting the symbds contained in the preceding table, and the^nft«&r 
in which they will occasionally be used. It is obvious that they repre- 
sent the equivalents or atoms of the elements; thus 71 +*0 signifies 
1 equivalent or atom of nitrogen = 14^ and 1 of oxygen == 8; and when 
it is intended that these atoms should be represented in com&tnatton, they 
ar^ written either in brackets, thus (71+0), or a line is drawn over them, 
thus, 71+0. The number attached to either symbol indicates the number 
of atoms of either element in the compound; nitric acid, for instance, iS a 
compound of I atom of nitrogen, and 5 atoms of oxygen, and is, therefore, 
thus written (71+ 60). Potassais a compound of single atoms of potas- 
sium and , oxygen, and is therefore simply represented by (JH) + O). 
Sulphuric acid consists of 1 atom of sulphur sr 16 in combination with 
3 atoms of oxygen (8 X 3) = 24, and is represented by (S+sO). 
Sulphate of potassa is composed of 1 atom of potassa s=: 48, and 1 atom 
of sulphuric acid == 40, and would therefore be written in symbols 
thus (^+0) + (3+ 30). In this case the proximate elements of the 
salt are sufficiently distingmshed; but if the object were to express merely 
its ultimate elements these would he written j90 +3 + 40. A number on 
the outside of the bracket indicates the number of the atoms or equiva- 
lents of the compound within it: thus, bisulphate of potassa, composed 
of 1 equivalent of po tassa and 2 of sulphuric acid, is represented by 
(po+0) + 3(3+30). In regard to water, the salifiable oxides, and the 
acids, it is often convenient to have symbols representing the compound^ 
without reference to its elements, and I shall accordingly, for this purpose, 
represent the alkalies and salifiable protoxides by capital initials; the 
common acids by an acute accent over file initial of the base ; the peracids 
by two acute accents ; and the subacids by a grave accent: the latter with 
the addition of a line underneath may indicate the hypoacids. Water 
may be represented by the letter from aqua. The following table 
shows a few of the applications of these abbreviations^ or compound sym- 
bols, as opposed to the more circuitous instances of elementary symbols. 


Water ...... 

Atomic Symbol. Abbreviation. 

(A+o) .... q 

Potassa 

(p+o) . . . . 

p 

Soda . . 

(s+o) . . . . 

s 

Baryta 

(Aa+a) .... 

B 

Oxide of Lead .... 

ipl+o) . . . . 

Fl 

Hyposulphurous Acid . 

(aS+»0) . . . 

i 

Sulphurous Acid . . . 

($+sO) . . . . 

i 

Hyposulphuric Acid . . 

(sS + sO) . . . . 


Sulphuric Acid . . . 

(S+sO) . . . . 


Sulphate of Potassa . . 

(«+8O)+(p0+0) 

(S'+P) 

Hydrated Potass. . . 

(po+o)+(A+o) 

(P+0 

Nitrate of Lead . *. 

ln+»o)+(pl+o) 


Carboi^te of Ammonia . 

(car+ la) +(n+ (cor +A) 


Y 
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In these and the preceding symllls, I have availed myself, with 
scene slight ohanges,, o£ tji^ principles suggested by Mr. Whewell, 
{^Jmrnal bf In^Uuihn^ I., 437)* The symbols of elementary 
sub^ancet, need by Berzelius, differ but little from those which I have 
jdopted, and 1 have followed him in employing the initial letters of 
^heir or^nary Latin names: with this difference only, that he represents 
potassium, s^um, and antimony, by the initials K. Na. and Sb. (kalium, 
natrium, and stibium), instead of po, so^ and an. In other respects, how- 
ever, I have found it necessary to introduce some deviations, or rather 
to reject parts of his method. Berzelius indicates the atQips of oxygen by 
46ts placed over the symbol; thus, instead of writing {71+ for nitric 

m • 

acW, he uses the abbreviation N. In like manner he denotes the com- 
pounds of sulphur by commas; thus, sulphuretted hydrogen {B+h) he 

writes H; and where he wishes to represent two equivalents of an 
element, they are denoted by a dash through or under its symbol: thus 
H or S, indicates 2 atoms of hydrogen. The vegetable and animal adds 
he abbreviates by using the first letter of their name with a dash over it, 
thus T C f ere the tartaric^ citric^ and formic acids. He also often omits 
the sign +, and writes the combined elements side by side, ihe sign of 

jaddition being understood: thus he writes nitrate of baryta, Bsl N 

of Lastly, he denotes two or more equivalents of one 

^AMitifLeut of a compound, by numbers placed in the same position aS the 
indices of powers in Algebra; thus N H” is the same as (71 + 3 A). My 
chief reason for ipodifying these abbreviations in the way which I have 
above ^proposed, is to avoid the obiEKsilrity ip which they are frequently 
involved) and the facility with whidi they become perplexed by imper- 
fect Plying, or errors of the press. 

It'may perhaps be objected to the abbreviated symbols which I have 
suggested that they do not cany with them explicit indications of atomic 
composition; that nitric acid for instance is more completely represented 

by N iha& by 7r, and phosphoric add by P than by O', but this can only 
affect the casual reader, and for such, the system of symbols is scarcely 
profitable in any form. 

The great use of symbols is visibly as it were to present the elements 
of compounds, so that all their possible combinations may be traced with 
comparative i^lity, and their less obfious relations detected. They abo 
facilitate the complex computations required in reference to the atomic 
constitution of various organic compounds, and often enable the teacher 
to present the student, at^one view, with details which, in the ordinary 
mode of proceeding, would be verbose and complex. Thus the conversion 
by heat of I atom of nitrate of ammonia into 2 of protoxide of nitrogen, 
and 3 of water, is thus concisely represented : 

NitiioAcid, Ammonia. Nitrons protoxide. Water 

(71+ 50) +(71+8 A) produce s(7l+0) and 3(A+0); or, taking the 

ult£ixiltte elements of nitrate of ammonia as 875 + 50 + sA, they form 
< (75+0} + 8^; and of ludi applications many instances irSl afterwards 
occur. 
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Pneumatic Apparatus.— Of tbe simpl^MH^oes which we are aho^ 
to examine, four are known to us in the gaseous'^'state, and amongst their 
combinations there are many which a]|su> assume that form; so that it will 1 m 
necessary before we enter upon their history, to say a few words respectinl 
the apparatus by which gaseous Wies are procured and examined. The 
hi/drthpneufnaik apparatus consists of a japanned iron or copper yes^I, 
of different shape and size, according to the particular purposes for wKch 
it is intended, and containing a shelf perforated with holes through whtcK 
tie gas may pass into inrerted vessels properly placed Tor its reception. 
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In this wood-cut, a is the water trough; ^Bii,.i^tjsrted 

glasses for the reception of gas; a wrought itc^^ihiber 

placed in a pan of charcoal, for the evoludmi.'C^.gao^ 

requiring a red heat ; n, a *retort heated by the spirit ttoipjB» . 

' 

For experiments, in 
which large vessels are 
employed for collecting 
or transferring gases, the 
annexed form of the ap- 
paratus (fig. 181) is most 
convenient: the trough is 
placed in a wooden ftmne 
or stand a; it has a deep 
part at &, and a sWlow 
shelf, upon which the in- 
verted jar may be placed 
over a groove, as at c. 

Vessels of various 
forms are employed for 
receiving, retaining, and 
measuring gases, l^ere 
it is intended to introduce 
different substances into 
the gas, they may be of 
the form represented in figure 182, drawn into a neck with agbuMHitops^ , 
at top, and open at bottom. Some of these should he giuuated 
cubic inches, and supplied with a stop^oock, as in fi^ 188; tpf 
measuring small quantities of gases, tubes are employed, some of which 

tu 
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diould be di^ed into 100 equal parts^ others in tenths and hundred 
of a cubical inch, as in figures 184 and 185. 



Where large quantities of gases are required to be collected and pre- 
served, we employ gasholders and gasometers. The annexed cut (fig. 186) 
represents Mr. Pepys’s improved gas holder, made of japanned iron, or 
what is preferable, of copper. It consists of a body or reservdlr c, which 

may hold from two to six or eight gallons: 
5, is a cistern from which issue two tubes, 
supplied with stop-cocks, one entering the 
reservoir at its upper part, the other con- 
tinued, as shown by the dotted lines, to 
near the bottom: c, is a short tube issuing 
from the bottom of the reservoir, and capa- 
ble of being accurately closed by a screw. 
dy is a glass tube communicating at both 
ends vrith the body of the gasholder. When 
it is intended to fill this apparatus with 
gas, the tube c is closed, and -the stop- 
cocks, e, fy are opened ; water is then 
poured into the cistern, which, running 
down the long tube e, forces the air out 
through the shorter one /. The reservoir 
being thus filled, the stop-cocks are closed, 
and the apefbire c is opened, into which 
the beak of the retort, or tube, whence the gas issues, is introduced, 
and bubbling up, displaces the water which-runs out at the same opening. 
When it is seen in the tube, d, that nearly the whole of the water is 
displaced, the aperture c is closed; the vessel is now filled with gas, which 
iaaj either be drawn off into receivers, placed in the cistern 5, by 
<q^ning the two stop-c^ks c,// or by closing the stop-cock /, and open- 
ing g, it may be propelled into bladders, or transferred in any con- 
yenient way by aff attached tube. 





(figs. 1^8)^ it may be made of japanned iron or copper. , q is the 
oulltr pail, to the sides of which the tubes d, e, (each fitted 

with a stop-<^ escternmly} fuw soldered. The tube d penetrates at the 



GASOMISTKBS/ ^^5 

bottom of the pail, and proceeds to the centre, ^here it joins the tube e, 
which commences at the top of the pail at the cock e, and proceeds down- 
wards; and from the place of junction, the upright tube g rises through 
the middle of the pail, a little above the level of its upper rim. The vessel 



6 is a cylinder open only at the bottom, and of less diameter than the 
pail in which it is inverted, and can move up and down freely. This 
cylinder has a solid stem c, which passes through a hole in the cross-bar 
of the frame fixed to the top of the pail; it serves to steady the cylinder, 
and' to indicate the quantity of the enclosed gas; the weight of the 
cylinder is counterpoised in any convenient way; generally by a weight 
and chord passing over the pulley f. • £ 

To use this gasometer, first let the cylinder fall to the bottom of tho 
pail, and fill the latter with water; then shut the cock e, and open 
connect with it the. tube which conveys the gas from the retort, gadiold^, 
or other vessel; or, if more convenient, shut df, and convey the 
through e. The gas rises, and gradually lifts up the cylinder^ wfeieb 
must be properly balanced; and when sufficiently fille^d, the co<^, by 
which it entered, must be closed. The gas may now be dritlto o^^at 
either of the stop-cocks, by a tube passing into the water-trough,^ 
may be propelled through a blow-pipe, or otherwise employed. 
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Those gases which are absorbed by water, may, in most instances, be 
collected oyer mercury. The best form of the Mercuruhpneumatic 
apparatus^ is that contrived by Newman {Quarter^ Journal^ voLi., 
p. ] 85.) It is a trough of cast-iron, support^ by brass or iron legs, and 
having a small gasometer at one end. It is placed in a japanned iron 
,tray to collect the scattered mercury, as shown in the wood-cut (fig. 189.) 



a is the shallow, h the deeper part, of the trough ; c is a small mercurial 
gasometer connected with it, filled from the bottom through the small 
basin of mercury at ds eis a sliding stand for a lamp, /a detonating tube, 
screwed into a spring support. It frequently happens that a mercurial 
pneumatic trough, upon a much smaller scide than the above, is suffi- 
cient for mere experiments of research; and in that case, it is generally 
made of wood, being hollowed out of a block of mahogany. The 
ehemical lecturer may in many instances altogether dispense with the 
trouble imd expense of a mercurial-bath, by availing himself of - the 
method of collecting gases in dry glass vessels, as described et page 334 ; 
especially when he requires very Targe jars or bottles to hs filled with 
gais, and at the same time kept but where a small admixture of 
atmospheric air is unimportant. 
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§ 1. OXYGEN. • 

This elementary gaseous body was discovered by Priestley on the 1st of 
August, 1774; he called it dephlogisticated air; it was termed empyreal 
air by &heele, and vital air by Gondorcet. The name oxygen^ was given 
to it by the French nomenclaturists, implying its tendency to form acid 
compounds, (from acid, and to generate). Oxygen is more 

abundantly diffused throughout nature than any of the other elementary 
bodies; it forms eight- ninths of the weight of water, about one-iifth of 
the weight of the atmosphere, and a large relative proportion of the 
earthy and mineral bodies which form the solid matter of the globe. It 
also forms, with scarcely one exception, an* element of the various pro- 
ducts of organized bodies both in the animal and vegetable creation. 
Oxygen gas may be procured by a variety of processes, of which those 
only in common use will be noticed here, and the others adverted to in 
their proper places. 

To obtain oxygen in 'the purest state proceed as follows: introduce 
into a small glass retort (as shown at d, hg. 180,) about 100 grains of 
the salt called chlorate of potassa, and gr^ually heat it over a gentle 
charcoal fire, or by means of a large spirit-lamp, having previously 
placed the beak of the retort tinder the shelf of the hydro-pneumatic 
apparatus. Suffer thfefjg gi^ on air of the retort to escape, and when 
the salt fuses and aM|||[||k boil, collect the oxygen which it then 
gives out, in proper ^alM^wng care so to adjust the heat as to cause 
the gradual decomposSfion of the salt, and occasion the air bubbles to 
follow each other with moderate rapidity, especially towards the end of 
the process, when a torrent of gas is apt to be rather suddenly evolved, in 
onsequence of the formation of a portion of perchlorate of potassa, which 
is decomposed at that period. At last, the heat may be so far increased 
as to render the bottom of the retort red-hot, being careful, however, not 
to fuse it, and when gas ceases to be evolved, withdraw the retort and 
put it aside: it is seldom fit for a second operation. From 100 grains 
of the chlorate, we may expect to obtain nearly 100 cubic inches of gas. 

Another substance from which oxygen may 
be obtained, at a much cheaper rate than from 
the former, is black oxide of manganese^ but the 
gas is never very pure, and the quantityproduced 
from a given weight of the oxide is very vari- 
able. A pound should yield from 40 to 50 pint 
measures. The oxide of manganese should be 
powdered, dried, and introduced into an iron 
gas bottle, which may be about four-fifths filled 
with it, and placed with its proper connecting 
tubes, in a convenient furnace or fire-place. 

These gas bottles should be made of wrought- 
iron, of the shape annexed (fig. 190), their 
capacity being from one to tl^ee pints. The 
connecting tube a should be of iron, and fitted 
by grinding into the neck of the bottle ; and 
the delivery tube J, which may be of pewter. 
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iviih a brass or copper piece soldered on to it at its conical end c, should 
be db^larly ground into the upper end of the connector. When these 
bottkfs are used, the joints may be made tight by the previous application 
of a little grease. 

When the oxide of manganese becomes red-hot, the oxygen begins 
to escape by the pewter tube, which must be so bent as to pass under' 
the shelf of the water apparatus. Collect some of the gas in a Small 
jar or tube, and test it by introducing into it a small piece of wood 
which has been inflamed «and blown out^ so that the end remains only 
glowing; if the gas be sufficiently pure, it will immediately burst out into 
flame and bum vehemently : the oxygen may then be collected for use, either 
in bottles, jars, gasholders, or gasometers, as required. When the gas 
ceases to be evolved, the bottle must be removed from the Are ; and, when 
cold, emptied of its contents, which will be found to be an oxide of man- 
ganese, of a brown colour, containing of course less oxygen than the 
black, and not further decomposable by heat alone. 

Oxygen gas may also be obtained from a mixture of black oxide of 
manganese and sulphuric acid, in such proportions as to be about the 
thickness of cream ; this mixture is put into a glass retort, and heated 
over an Afgand lamp, the gas being collected in the usual way. This 
method is sometimes convenient where an iron retort cannot be procured; 
but it is not economical, and the ingredients are apt to harden in the 
retort, which is often broken in attempting to cleanse it. 

If perfectly pure oxygen be required, it must not only be obtained 
from chlorate of potassa, but also collected.over mercury; and as it is often 

wanted in the experimental laboratory 
in very small quantities only, a tube- 
retort, made of green or plate-glass, bent 
into the annexed form (fig. 191), may 
be conveniently used. 

It must also be recollected, in all delicate experiments with oxygen 
and other gases, that they retain, as usually procured, more or less vapour 
of water, so that to obtain them dry, it is necessary to convey them through 
tubes over substances which will abstract the watery vapour which they 
contain, without in any way affecting the purity of the gas itself. Oxygen 
may thus be dried by passing it through a long tube containing fragments 
of fused chloride ^calcium: sulphuric acid, fused potassa, and some 
other substances, are occasionally used for the same purpose. 

Oxygen gas is insipid, colourless, and inodorous; it is permanently 
elastic, under all known pressures and temperatures. Its speciflc gravity, 
compared with air, is as 1.111 to 1.000; compared with hydrogen, its 
specific gravity is = 16, hydrogen being ::= 1. At mean temperature 
and pressure, 100 cubic inches weigh 34.^ grains. According to Dulong 
and Berzelius, the specific gravity of oxygen i^ 1.1026, and 100 cubic 
inches weigh 34.109 grains {Ann. de Chim, et Phys.y xv., 386); according 
to Davy,its specific gravity is 1.127. Its refractive power, in regard to light, 
is less than that of any Imown body: compared in this respect with atmo- 
spheric air, it is as 0.830 fe 1000. According to De la Boche and Berard, 
its specific heat, compared with an equal volume of air, is ;= 0^9765, and 
with an equal weight of air, » 0.8848, that of air being sr 1 .000. 
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When powerfully compressed by the sudden depression of a piston in 
a glass tube, oxygen appears to become momentarily luminous, a property 
which has been considered as one of its characteristics. Thenard, ho^er; 
has shoMm that this appearance is connected with the presence of grease 
or oil upon the compressing pi8tox]^ and that the gas, although much 
lieated by sudden compression, is not of itself luminous. It is absorbed 
in Tery small quantity only by water: 100 cubic inches of water, freed 
from air, only ^ing up 3.6 cubic inches of oxygen (Henry, PhiL Trans,^ 
1803, p. 174). It does not alter the colour o^itmus, nor does it render 
lime-water turbid. 

It is a powerful supporter of respiration. A small animal, confined 
in oxygen gas, lives thrice as long as when confined in the same bulk of 
common air; it has, therefore, been called vital air; but we are not 
thence to conclude that it is fit for the continuous support of life : on the 
contrary, an animal made to breathe oxygen for any length of time, falls 
a sacrifice to excess of arterial action, and after death the blood in the 
veins is found as florid as that in the arteries. 

Oxygen eminently supports combustion. A lighted taper, introduced 
into this gas, is very rapiMy consumed, with intense ignition and enlarge- 
ment of ^e flame; and if it be previously blown out, so that the wick 
continues glowing (and for such experiments pieces of green wax-taper 
answer best), it immediately bursts into flame when plunged into the 
of oxygen. Sulphur, which bums in the air with a small blue flame, 
soon h^ its flame enlarged when inimersed in a jar of oxygen, and blazes 
with a beautiful purple colour. It dissolves as it were in the oxygen, 
and converts it into sulphurous acid gas, which is absorbed by water. 
Phosphorus, when inflamed in the atmosphere, bums with a bright light, 
but in oxygen the eye can scarcely bear its brilliancy, and the heat which 
it evolves is very intense. A piece hot larger than a pea should be used 
ill the experiment. The oxygen combines with the phosphoms, and 
forms a quantity of white flaky matter, very soluble and deliquescent, 
which is chiefly phosphoric acid. This, and the combustion of sulphur, 
may be best performed by placing them in a small copper spoon or cup, 
attached to a wire annexed to a spare stopper, or passing through a cork 
which fits the neck of the air jar. The disadvantage of a cork is, that it 
is sometimes apt itself to take fire and crack the jar. 

One of the most brilliant instances of combustion in oxygen is the 
burning of iron wire. For this purpose the jar should be capacious, and 
placed over water in a common, soup-plate ; the oxygen should be very 
pure. A piece of thickish annealed iron-wire should be attached to the 
spare stopper, and loosely wound round with repeated twists of iiarpsi- 
chord-wire, so as to form a tangled coil, nearly of the thickness of pne*s 
finger; the sulphur tip of a match should then be broken off, and affixed 
to the end of it; when this is inflamed, and the coil immersed into i!^e 
jar of gas, vivid combustion soon ensues: it throws off brilliant sparks, 
and partly fuses into globules of oxide iron, which fall through the water, 
and lie for some time red-hot upon the plate, which they often fuse ai 
the point of contact. A piece of annealed watch-spring, or long 
which may be obtained from the turners of steel or iron, may also be ^sed 
for this experiment. 
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In all these cases of combustion in oxygen gas, the sudden expansions 
which take place are apt to endanger the bell-glass, which should, there- 
fore, be held by the hand, so as to allow the occasional escape of a h^e 
of the gas, and at the same time prevent its jailing upon the plate 
beneath. 

The results of the above, and other cases of combustion in oxygen, 
be more fully detailed and explained hereafter. — (See Carbon, Sul- 
fur, Phosphorus, and Iron.) It may suffice to state at present, that 
in all *cases of combustiq|| in oxygen, the combustible and the oxygen 
combine, and the product of combustion consequently manifests an in- 
crease in weight proportionate to the quantity of oxygen with which it 
has united. Acids^ alkalies^ earths^ and oxidesy will be found to be the 
result of these combinations, which are either effected slowly, and without 
the evolution of heat and light; or very rapidly, with the phenomena of 
combustion and dame ; or with intermediate rapidity, exciting consider- 
able elevation of temperature, and often even a red heat, though without 
flhme, as in some cases which have been already cited (p. !207*y 

The terms oxidizement and oxidation imply the combination of oxygen 
with bodies; and its abstraction or separation'is deoxidizement or reduction. 
All the elementary substances are susceptible of oxidizement, and most 
of them, at certain temperatures, with the evolution of heat and light; 
these are in common language termed comhustihley or inflammable bodies; 
when a substance is saturated with oxygen, it becomes incombustible; 
that is, incapable of entering into further combination with it. Bodies 
satuiated with the other supporters of combustion are also incombustible, 
hence the perchlorides, periodides, &c., come usually under that definition. 
All organic bodies are combustible. 

The phenomena of combustion were referred by Stahl and his associates 
to a peculiar principle which they called phlogiston; it was supposed to 
exist in all combustibles, and combustion was said to depend upon its 
separation: but this explanation, though apparently supported by expe- 
rimental evidence, was at variance with the well-known ffict, that bodies 
during combustion increase in weight. — See History of Chemistry y p. 33. 

After the discovery of oxygen gas, it was adopted by Lavoisier as the 
universal supporter of combustion, llie basis of the gas was supposed to 
unite to the combustible, and the heat and light which it before contained 
in the gaseous state, were said to be evolved in the form of flame. But 
in this hypothesis, several requisites are not fulfilled; the light depends 
upon the combustible, and not upon the quantity of oxygen consumed; 
and there are very numerous instances of combustion in which oxygen, 
instead of being solidified, becomes gaseous during the operation, so that 
the theory of latent heat is insufficient; and, lastly, in others, no oxygen 
whatever is present. Combustion, therefore, cannot be regarded as 
dependent upon any peculiar principle or form of matter, but must be 
co^dered as a general result of intense chemical action. It may be 
connected with the electrical energies of bodies ; for all bodies which 
powe^lly act upon each other, are in the opposite electrical states of 
positive ^d negative ; and the evolution of heat and light may depend 
upon the annihilation of. these opposite states, which happens whenever 
they combine.— -See the Prefatory Hisiory of Chemistry; the Section on 
Electricity; and the article Atmospherit Air. 
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§ 2. CHLOEINE. 

OflLORiins WBB diMovered by Scheele in 1774. Gonsistendy nvitb hb 
theoretical notions of i]» nature, he called it dephlogisticated muriatic 
acid.~Mem, Acad. SiochhAm^ 1774, p. 94. The tenn oxymuriatic acid 
was afterwards applied to it by the fSrench chemists. — BerthoUet^ Jour, 
^de Phyc.^ p. 825. The more appropriate term chlorine^ (from 

which merely designates its greenish yellow colour, was given 
to it by Sir H. Davy, who, in 1810, published a masterly essay on its 
nature, in the Phil. Trans.^ showing tW, so frir from containing loosely- 
combined oxygen, as the French chemists suspected, that element could 
not be shown to exist as one of its component parts; also that it contained 
no muriatic acid ; that in all cases of the apparent evolution of oxygen 
and muriatic acid from chlorine, water was present, and was decomposed ; 
and that in the present sthte of our knowledge, chlorine must be regarded, 
aa an undecompounded or elementary body. Its great natur^ source is 
sea-salt; it also occurs in several other combinations. 

To obtain chhMrme, a mixture of equal weights of black oxide of 
manganese and common muriatic acid may be heated over a lamp in a 
glass retort. Chlorine is soon copiously evolved, and may be conveniently 
collected over warm water; it is absorbed by cold water, and cannot, 
therefore, be long retained over that fluid; so that it should be received 
into bottles provided with ground stoppers: when these are full, the 
stopper, previously greased a little, should be introduced under water, 
care being taken to exclude the water from their interiors. In conse- 
quence of the deleterious nature of chlorine, its escape into the atmo- 
sphere of the laboratoxy should be prevented, iby collecting the first 
portions which come over mined with the common air of the retort, in a 
jar, which may afterwards be carried away into the open air, or placed 
under a chimney. The gas may be preserved for use when it passes over 
of its full colour, to judge of which, the neck of the retort shoidd be kept 
clean; it should not be more than half filled with the materials, which 
are otherwise apt to boil over, and soil the water in the trough. 

Chlorine may also be procured from a mixture of 8 parts of common 
salty 3 of pulverized black oxide of manganese, 4 of water, and 5 of 
sulphuric acid: or the proportions recommended by Thenard may be 
used; viz., 4 parts of common salt, 1 part of oxide of manganese, 2 of 
sulphuric acid, and 2 of water. . The theory of its production in these 
cases will be explained afterwards. — See Muriatic Acidj and Sulphate cf 
Soda. 

Chlorine, at common temperatures and pressures, is a gaseous fluid; 
but, by subjecting it to a pressure equivalent to about 4 atmospheres, at 
the temperature of 60^, Mr. Faraday succeeded in condensing it into the 
liquid form. 

When perfectly dry, chlorine suffers no change by exposure to a tm- 
pexature much below 0, but, in its ordinary state, it contains dqueow 
vapour, which, at a temperature of 32% is deposited in eombin^OU' With 
chlorine in the form of a white crystalline copspound, wfich 
effervesces, and is again taken up by the g^ upon the of 

heat. This hydrate of chlorine may be best obtained by intibducibg into a 
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dean Wile of the gas a little water, and keeping it for a few days in a 
dark place, at a temperature not exceeding 32^ It then forms prismatic 
and adcular mystals, having a specific gravity of about 1.2, and com- 
posed, according to Faraday, of 27-7 chlorine and 72.3 water, or about 
1 proportional of chlorine to 10 of water : — {Quarterly Journal^ xv.) 
Chlorine was the first of the gases supposed to be permanently elastic 
which Mr. Faraday succeeded in condensing into the liquid state : he 
effected this by putting some of the hydrate of chlorine into a small bent 
tube, hermetically seded, and applying a gentle heat; a yellow vapour 
formed, which condensed in the cold part of the tube into two distinct 
fluids, the uppermost and lightest of which was mere aqueous solution of 
chlorine, but the heavier was yellow, and separable by careful distillation; 
it did not solidify at 0®. If, when the fluids were separated, the tube 
was cut in the middle, the parts flew asunder with an explosion, the 
whole of the yellow portion disappeared, and gaseous chlorine was pro- 
duced. When the end of the tube in which the yellow fluid lay was 
broken under water, there was also an immediate evolution of chlorine 
gas. The specific gravity of liquid chlorine is about 1.33. It is a non- 
conductor of electricity ; its refractive power is rather less than that of 
water. — Phil, Trans., 1823, p. 160. 

Chlorine, when dry and pure is not affected by light, 
neither is it altered by exposure to very high tempera- 
tures. By means of the following apparatus, Sir H. 
Davy exposed it to the continued action of charcoal 
intensely ignited by voltaic electricity, without the small- 
est change in its properties. A glass globe (fig. 192 ), of 
about fpur inches diameter, has at its upper part a sliding 
wire passing air-tight thiipugh a ground collar, to the 
lower end of which is attached mefiece of well-burned 
charcoal: at bottom is a stop-cock supporting a pincers, 
in which is another pointed piece of charcoal ; the globe 
is exhausted upon the air-pump, filled with chlorine, and 
the stop-cock and sliding wire attached to the extremities 
of the voltaic apparatus; the charcoal points are then 
brought into contact by pushing down the upper wire, 
and they are thus retained as long as necessary in intense ignition. 

Chlorine gas is of a greenish-yellow colour, a pungent and disagree- 
able smell, a peculiar and somewhat astringent taste, highly irritating 
and injurious when respired, and exciting cough and great irritation of 
the lungs, and mucous secretion from the trachea and bronchim, even when 
considerably diluted with atmospheric air. In some pulmonary com- 
plaints, the respiration of air slightly tainted by the admixture of 
chlorine has been resorted to as a stimulant. The specific gravity of 
chlorine compared with air, is according to Gay Lussac and Thenard, 
2 . 470 , which gives 76.59 grains as the weight of 100 cubical inches at mean 
temperature and pressure. According to Davy, 100 cubic inches*' weigh 
between 70 and 77 grains. Its specific gravity in reference to hydrogen, 
may be considered as 36 to 1 , (according to Berzelius 35.42, and according 
to Turner 35.84 Elemenie ^ Chemistry, fifth edit., p. 230.) 

Ai the temperature of 60®, water dissolves two volumes of chlorine. 




Hie solution haii a specifio girayity of 1 .008 ; it is of a pale yellow colour 

an iasj^iingent, nauseot^ taste, and destroys vegetable colours: henco 
its use in bleaching: the gas itself, when perfectly free from 

moisture, has scarcely any such action. Hence it is probable that 
the bleaching agency is due to the evolution of nascent oxygen resulting 
flbni the decomposition of water; and there are other compounds con* 
tUining oxygen, but no chlorine, which are also bleaching agents, such as 
the peroxide of hydrogen, and manganesic acid. The bleaching power of 
dew, and sometimes of rain-water, renders it probable that they also con- 
tain some excess of oxygen, perhaps in the form of the peroxide* of 
hydrogen. 

When aqueous solution of chlorine is exposed to the direct rays of the 
sun, oxygen is evolved in consequence of the decomposition of the water 
the hydrogen of which unites to the chlorine, and forms muriatic acid. 
The same change ensues more slowly in common day-light, but in tho 
dark there is no such decomposition. As gaseous chlorine always con- 
tains aqueous vapour, the bottles in which it is preserved should be 
excluded from lig^t. 

Chlorine, and its aqueous solution, are power- 
ful antiseptics, and destroyers of contagious and 
infectious matter, and of bad odours. This pro- 
perty depends upon the power which chlorine hat 
of decomposing those nocuous compounds, and 
resolving them into others which are harmless. 

For the purposes of fumigation, chlorine liberated 
from manganese and muriatic acid, or from man- 
ganese, salt, and sulphuric acid, may be diffused 
through the atmosphere of the infected chambers; 
or the infected goodiiAtiay be exposed to it. In 
the same way the offensive odour of dead bodies 
maybe mitigated by sprinkling them with solution 
of chlorine. (Faraday, Quar. Jbwrw., xviii., p. 92. 

See Chloride of Soda, Chloride of Lime, &c.) 

When a burning taper is immersed in a jar 
of chlorine, the brilliancy of the flame is much im- 
paired ; it becomes red, throws off dense fumes 
and is soon extinguished. There are, however, 
many bodies, such as phosphorus and several of 
tha. metals, which are spontaneously ignited by 
chmrine, and bum in it with much brilliancy. 

In these cases, binary compounds result, some of 
which, like those of oxygen, are possessed of acid 
properiies: others are not acid, and are termed 
chlorides. Brass or copper leaf, and powdered 
antimony, serve well to show the intense action 
of chlorine upon certain metals. When intro- 
duced into the gas, they enter into immediate 
combustion, and chloride of copper and chloride of 
The most elegant way of making these experiments consists in introdum^g 
the phosphorusor copper leaf into a retort (fig. l93), ]ndtiiited Mtii a'lrtop^ 
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and esliaa upon the air-pump; it is then screwed into the cap 
of an air-jar also mounted with a stop-cock, and standing oyer 

wato. Upon opening the cocks, the gas rushes into the retort, and the 
phosphorus or copper leaf immediately bum. In consequence of their 
iixegular thickness and form, retorts are frequently broken by the air’s 
pressure whilst exhausting; so that it is safe to coyer them with a cloth 
durag the process, to preyent the splinters being thrown about. 

The presence of chlorine is recognised by its bleaching power, by its 
odour and colour, and by its action upon solution of nitrate of silyer, in 
which it occasions a white curdy precipitate, insoluble in the acids, but 
soluble in liquid ammonia, and speedily blackening by exposure to light. 
Itls also detected by electric action, as has already been shown (p. 280). 

Chlorine and Oxygen. — No compound of these two elementoiy sub- 
stances can be obtained by their direct mutual action, for they but a 
feeble affinity for each other, and, when combined, are easily separable. 
By presenting chlorine, and oxygen, howeyer, to each other, under certain 
conations, they haye been found to form four distinct compounds. 

1. Protoxide op Chlorine, or Hypochlorous Ach!^ (C+(i>). In the 
PhiLWrans. for 1811, Sir H. Dayy has described a peculiar gas, to which, 
on account of its deep yellow-green colour, he gaye the name of etichlorme. 
He obtained it by mixing in a small retort, 3 parts of chlorate of potassa 
with 1 of water, and 1 ortnuriatic add, and applying a very gentle heat, 
so as to cause a moderate efferyescence: he collected it in small jars or 
tubes oyer mercury, but the best way of examining it is to retain it in 
the tube or yessel in which it is generated, or to collect it in a clean dry 
phial or jar, as descrij)ed below’\ 

* There are certain gases 
which are absorbable by 
water, but which, being 
either heavier, or lighter, 
than atmospheric air, may 
wiffi a little management be 
collected sNlBciently pure 
by pladl^ the materials for 
producing them in a flask, 
fnniished with a tube of 
oonvenientlength, and twice 
bent at right angles, so as 
to pass to the bottom of a 
clean stopped phial : the 
disengaged gas, if heavier 
than the air, displaces it ; 
wh^ It is fi^ it mu^ .be 
caiitio'dsty withdrawn, ^d 
stbpi^vand pother phial 
put into ibt place: see the 
wood-cut (fig. 194), A. If 

is j^htd? ' than the atmo- 
sphde, the tube from the 
flatik S^^be and 

Mil an iimsted^ 
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This gas has a peculi^ odour, like dilated chlorine, and is pemidoos 
to respiration. Davy found its specific graTijj^ to vary; he estimated it 
at about 2A : Oay Lussac and Jhenard regard it as =3. Water dlsimlves 
^n volumes of this gas, and acquirel its peculiar odour, and a deep yellow 
colour ; it destroys most* vegetable colours, previously reddening some of 
the blues. Its most remaxkable character is the facility vrith which it 
is decomposed : when gently heated in the upper part of a small tube 
standing over mercuiy, a kind of explosion, attended by a flash of light, 
ensues, wd the tube is projected to some distance ; but if it be firmly 
held, down in the mercuiy, the results of the decomposition are retained. 
According to Davy, 50 volumes are thus expanded to 00, consisting 
of a mixture of 40 of chlorine and 20 of oxygen. According to Gay 
Lussac, 1 volume becomes by decomposition 1^, composed of 1 volume of 
chlorine and ^ a volume of oxygen. According to this view, protoxide of 
chlorine would consist of 

Gay Ltisme. 


Chlorine . 
Oxygen . 

1 

1 

. 36 
. 8 

. 81.76 . 

. 18.25 

t — 

Volumes. 

. 1.0 . 

. 0.5 . 

S. G. 
2.46 
0.65 


T 

44 

100.00 

1 

3.00 


This gas sometimes explodes whilst it is collecting, or in being trans- 
feiTed from one vessel into another, or even by the heat of the hand, so 
that it should be cautiously dealt with and examined, and collected in. 
small quantities only. Detonatedigwth hydrogen, in the proportion of 
five measures of the gas to eight of hydrogen, it gives rise to the pro- 
duction of water and muriatic acid. It is decomposed by all burning 
bodies, and their combustion continues as it would in a mixture of 
chlorine and oxygen in the above-mentioned proportions. A small piece 
of phosphorus let up into the gas instantly takes fire and absorbs it, 
burning with much brilliancy. 

The experiments of Soubeiran (ilnn. de Chim. et Phys,^ xlviii., 113) 
rendered it probable that euchlorine is not a definite compound^ but a 
mixture of chlorine with thcsperoxide of chlorine, an opinion wjdchsome 
of Sir H. Davy's observations appear to corroborate*; at least he round that 
water resolved it into chlorine and peroxide of chlorine. Soubeiran passed 
it over calomel, by which its excess of chlorine was absorbed and per- 
oxide of chlorine liberated. The nonaction of this gas on copper-leaf^- 
seems, however, to justify its being considered definite, although Davjr 
found that a mere mixture of peroxide of chlorine vrith chlorine did not 
immediately act upon copper-leaf. , 

« Such was the extent bf our information respecting the nature of tirii 
compound of chlorine and oxygen previous to the researches of Bala^^ 
who, in an elaborata paper on the nature of the bleaching combinatioiiyt 
of chlorine (Ann. de Chim. et Phys.^ Ivii., 225), has more folly invesl^ 
gated its properties, and shown the mode of obtaining it in a pure focpi 
he has also propo^ to designate it hypochlorone adi^ Hie prot^lp - 
consists in agitating a mixture of one part of finely-povrdered red; a 
W/l mercury vrith twelve of distilled water, in a bottie fiUed with 
the gaa is rapidly absorbed : if the propeution of the oxide is . 

the deposit^ powder is vriute, a^ some of the chlorine 
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absorbed ; but tbe oxide should be in slight excess, so as to remain red, and 
entirely absorb the gas: when the absorption is complete, the contents of 
the bottle are poured upon a filter, and the filtrated liquor subjected to 
distillation in vacuo, by which a diluted solution of hypochlorous acid is 
obtained, which may be concentrated by a second distillation. After 
enumerating the properties of this liquid or aqueous acid, M. Balard 
proceeds to show the mode of obtaining from it the pure gaseous acid: 
this he effected by throwing up into an inverted jar of mercury a small 
quantity of the liquid acid, and then passing into it, through the mercury, 
small fragments of fused nitrate of lime: this salt abstracts the water and 
liberates the pure hypochlorous acid in the state of a gas, a little deeper 
coloured than chlorine, of a strong penetrating odour, and absorbable by 
mercury, from the contact of which it is preserved in the above mode of 
obtaining it, by the layer of solution of nitrate of lime. Water dissolves 
many times its volume, forming a pale-coloured solution, similar to that 
originally obtained by distillation in vacuo. A slight elevation of tem- 
perature is sufficient to decompose this gas, with explosion and evolution 
of heat and light, so that it requires careful management. It is not 
changed by some hours* exposure to diffused daylight, but direct solar 
rays decompose it in a few minutes without explosion ; when mixed with 
hydrogen and inflamed, it detonates violently, but at common tempera- 
tures the mixture remains unchanged. Bromine and iodine slowly 
decompose it; sulphur, selenium, phosphorus, and arsenic decompose it 
with sudden and violent detonation; charcoal also causes it to explode, 
a^arently in consequence of the condensation which the gas suffers in 
its pores. Blotting-paper introduced into the gas also causes its sudden 
decomposition into a mixture of chlorine and oxygen; indigo decomposes 
it slowly and with more complicated changes. By the action of oxalic 
acid it forms catbonip acid, and chlorine is evolved. M. Balard found, 
by various analytical methods, that the composition of this hypochlorous 
acid gas is andogous to that of euchlorine ; that is, that it consists of 
] volume of chlorine and a \ volume of oxygen, condensed into 1 volume ; 
but he gives reasons which we shall again advert to in speaking of some 
of the hypochlorites, for regarding the equivalent of the hypochlorous acid, 
not as 36 4- 8 := 44, but as 72 + 16 88 ; that is, as consisting of 

Chlorine . . 2 . . 72 . . 81.75 

Oxygen . . 2 . . 16 . . 18.25 

1 88 10 (^ 

The aqueous solution of this add is pale yellow; it has a peculiar 
penetrating odour, and an acrid but not add taste; it attacks the cuticle 
with great enetgy, destroying it more rapidly than nitric acid, and com- 
municating to it a reddish-brown colour. It decomposes at common 
temperatures, and in summer requires to be kept in ice, and in a dark 
place. In the voltaic circuit it disen^ges oxygen, but no chlorine at the 
jppsitiye pde; the latter, no doubt, unites to the nascent hydrogen to form 
mwatic aeid^ It is rapidly decomposed by iron-filings^ but pf the other 
mei^ Ihere aye few have any very energetic actiotf upon it. . It ii|r 
curipus that, mtb the exception of silver, they become oiddized and 
evolve chlorine; silver, on *the contpuy, evolyes oxyg|»^ and combines 
^th the chlorine. It converts bromine and iodine into bmmic and io^c 
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acids; and sulphur, phosphorus, selenium, and arsenic, into their acids, 
with the evolution of chlorine. • When a concentrated solution of this 
acid is mixed with ammonia, or when a fragment of sulphate or phosphate 
of ammonia is suspended in it, drops of the exploitive chloride of nitrogen 
ore formed: if both solutions are concentrated, effervescence and decompo- 
sition ensue. 

Peroxide op Chlorine* (C+ 4 0) was discovered by Sir H. Davy, in 
1815 {Phil. Trans.^ p. 214). It is obtained as follows: — about 50 ^ains 
of chlorate of potassa are moistened with a few drops of concentrated 
sulphuric acid, and rubbed together with a platinum spatula, till they 
incorporate and form a solid mass of an orange colour. This mass is to 
be introduced into a small glass retort, and gra^ally warmed in a water- 
bath, the temperature of which must be carefully kept below 212®, which 
may be managed by mixing alcohol with the water. A bright yellowish- 
green elastic fluid passes off, which is rapidly absorbed by water, but 
may be collected in small tubes over mercury. The colour of this gas 
is more brilliant than that of the protoxide, and its odour peculiar, 
and unmixed with the smell of free chlorine. Its specific gravity, com- 
pared with air, is, according to Davy, as 2.360 to 1.000; compared with 
hydrogen it is as 34 to 1, 100 cubic inches therefore should weigh, at mean 
temperature and pressure, 72*012 grains. When peroxide of chlorine is 
heated to a temperature somewhat below that of boiling water, it explodes 
with much violence and the evolution of a bright light. The result of 
this decomposition is, that, two volumes of the gas are expanded iik'b 
three, two of which are oxygen, and one chlorine; the relative weights, 
therefore, of its elements, are 32 of oxygen and 36 of chlorine. It requires 
the same, and even greater precautions, in preparing and transferring, as 
the former gas t. 

thin vessel to break it. The French corks . 
are the best, a fig. 195, is the tube, which 
should be wrapped round with a little 
tow, in case of explosion, to prevent 
fragments being thrown about; b the 
cork, &c. For the purpose of illustration, 
in lectures, this gas may be conveniently 
obtained by putting a few grains of chlo- 
rate of potassa into the bottom of a tall 
narrow tube or jar (half an inch diameter 
and about twelve high), standing upon a 
foot, and carefully dropping upon it, so 
as not to soil the sides, a little suiphune 
acid: the peroxide of chlorine is imme» 
diately evolved (provided no explosio#;;: 
ensues), and its weight causes it to expbl 
the air and fill the tube, from whi^ 
with a little management, it may be de- 
canted into a tall ^lass containing copper- 
leaf, upon which it exerts no action; blit 

a hot wire, dipped into the gas, causes 

it immediately to explode, and the metsi 
leaf bums inilthe oxygen and <^rine. 
A little jet of nitric oxida thmwn in, 
produces the same effect wi^out ex- 
plosion. 


* This compound is the chloroiM acid 
of Berzelius, the hypo-chloric add of Ba- 
lard, who proposes to reserve the term 
chlorous acid for the unknown compound 
of 2 volumes of chlorine, and 3 of oxy- 
gen. But the compound of 2 volumes 
of chlorine, and 2 of oxygen, is also as 
yet unknown. 

f In obtaining this gas, we conveniently 
employ a small tube, se^ed at one end, 
as a substitute for a retort, and fitted 
with a cork perforated by a small S tube, 
by which the gad is conveyed through the 
mercury. I may take this opportunity of 



observing, that none but the best corks 
are fit for use in the laboratory; those 
in common use are never air-tight, and 
generally so hard as when thrust into a 
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Its saturated aqueous solution is of a deep yellow colour, an astringent 
and corroding taste; and when applied to the tongue, leaves for a long 
time a veiy disagreeable sensation. It destroys vegetable colours. 

Mr. Faraday condensed this gas by enclosing the mixture of chlorate 
of potassa and sulphuric acid in a sealed tube, and leaving them to act 
upon each other for twenty-four hours. In that time there had been 
much action; 'the mixture was of a dark reddish-brown, and the atmo- 
sphere within of a bright yellow colour. The mixture was then heated 
up to 100^, and the unoccupied end of the tube cooled to 0^: by degrees, 
the mixture lost its dark colour, and a very fluid ethereal-looking sub- 
stance condensed. It was not miscible with a small portion of the 
sulphuric acid which lay beneath it; but when returned on to the mass 
of salt and acid, it was gradually^ absorbed, rendering the mixture of a 
much deeper colour. The peroxide of chlorine thus obtained is a 
very fluid transparent substance of a deep yellow colour. A tube 
containing a portion of it in the clean end was opened at the oppo- 
site extremity; there was a rush of euchlorine vapour, but the salt 
plugged up the aperture: whilst clearing this away, the whole tube burst 
with a violent explosion .” — {PhiL Trans.^ 1823, p. 194.) Sir II. Davy 
found that, of the unmetallic combustible substances, phosphorus was 
the only one which spontaneously decomposed this gas: the phenomena 
were the same as with the protoxide of chlorine. Three volumes, deto- 
nated with eight of hydrogen, produce water and muriatic acid ; when 
absorbed by solution of potassa, chlorate of potassa and chloride of 
potassium are formed. According to Stadion this gas consists of 






Volumes. 

S. G. 

Chlorine . 

. 1 

. . 36 

. . 60 

. . 1.0 . . 

2.45 

Qxygen 

. 3 

. . 24 

. . 40 

. . 1.5 . . 

1.66 


1 

60 

100 

1.5 

2.74 


Ai^rding to Davy, verified by Gay Lussac, it is composed of 


Chlorine 

. . 1 

. . 36 

. . 52.9 

Volumes. 

. . 1 . . 

S. G. 
2.45 

Oxygen 

. . 4 

. . 32 

. . 47.1 

• . 2 . . 

2.22 


T 

66 

100.0 

2 

2.33 


Chloric Acid (C+ sp) or C !. — In the compound which has been thus 
called by its discoverer, M. Ghty Lussac {Annales de Chimie^ tom. xci., 
p. 108), the relative proportions of chlorine and oxygen are to each other 
as 36 to 40: chloric acid cannot exist independent of water, or some base, 
and, therefore, its properties in the dry or anhydrous state are not 
known. ^ 

Chloric acid may be prepared by passing a current of chlorine through 
a mixture of oxide of silver and water. Chloride of silver is produced, 
which is insoluble, and may be separated by filtration. The excess of 
chlorine, which the filtered liquor contains, is separable by heat, and the 
.chloric acid dissdved in water remains. Chloric acid may also be ob- 
tained by adding dilute sulphuric acid to a solution of chlorate of baryta^ 
as long as it occasions a precipitate. The baryta is thus separated in the 
form an insoluble sulphate, and the chloric acid remains in aqueous 
solution. Care must be taken to add no more sulphuric acid than is 
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requisite; for any excess contaminates the chloric acid. If the exact 
proportion has been used, the chloric acid is neither rendered turbid by 
dilute sulphuric acid nor by chlorate of barjrta. If either of these occasion 
a precipitate, they must .be carefully added till the effect ceases ; the clear 
liquid may then be decanted or filtered off. 

Chloric acid is a sour, colourless liquid. • It forms no precipitate 
in any metallic solution. The most remarkable of its salts, which 
are termed Chlorates^ have been long known under the name of 
Oxymuriates. When chloric acid is distilled, it suffers a partiU 
decomposition, and a portion of chlorine and oxygen are liberated. 
It is decomposed by muriatic and sulphurous acids, and by sulphu- 
retted hydrogen; but those acids which are already saturated with 
oxygen do not act upon it. Its decomposition by muriatic acid is 
attended with the evolution of chlorine and the formation of water; by 
sulphurous acid, with the evolution of chlorine and the production of 
sulphuric acid; and by sulphuretted hydrogen with the separation of 
chlorine and sulphur, and the formation of water. Chloric acid 
consists of 

Chenovix. Gay J.usaue. Volumes. 

Chlorine . . 1 . . 36 . . 47.4 . . 45 . . 46.8 . . 1.0 

Oxygen . . 6 . . 40 . . 52.6 . . 55 . . 53.2 . . 2.5 

1 76 100.0 100 100.0 

Perculoric, or Oxychloric, Acid (C4- 70) or 0" was discovered by 
Count Stadion (^Ann, de Chim. et Phys.y viii.): it is procured by distilling 
perchlorate of potassa with its own weight of sulphuric acid, diluted with 
about a fourth part of water. At a temperature of about 280°, white 
vapours pass off, which condense in the form of a colourless liquid. It 
is a very stable compound, not decomposed by sulphuric or muriatic acid. 
When concentrated, its specific gravity is 1.6, and it boils at 392°. By 
distillation with strong sulphuric acid it may be obtained in the solid 
form and crystallized. — (Gay Lussac, Serullas, Mitscherlich. Ann, de 
Ckim. et Phys,^ viii., ix., xlvi., and xlix.) It consists of 

Volumes. 

Chlorine . . 1 . . 36 . . 39.2 . . 1.0 

Oxygen . . 7 . . 56 . . 60.8 . . 3.5 

1 92 lOO.O 

§ 3. IODINE. 

Iodine was discovered in 1812 by M. Courtois, a chemical manu&cturer 
at Paris. Yauquelin {Ann. de Chim.^ xc.), Gay Lussac {thid.\ and Davy 
{Phil. Trans.^ 1814), have fully examined its properties. 

Iodine may be procured by the following process: Lixiviate pow^ 
dered kelp^ with cold water. Evaporate the lixivium till a pellicle 
forms, and set aside to crystallize. Evaporate the mother-liquor to diyness, 
and pour upon the mass half its weight of sulphuric add. Apply a 

* Kdp is the ash obtained by burning I coloured motheivliquor, whidi remains 
sea-wee& ; it is lamly prepaid on the I after the separation of the erystallizable 
northern shores of Ssotlimd. The dark- I sdts, contains the salts of iodine. 

Z 2 
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gentle heat to this 
mixture in the flask a 
of the alembic shown 
in the annexed figure, 
of which h is the head 
ormcapital, having a 
tube issuing from it, 
and descending into 
the receiver 0 . Fumes 
of a violet colour arise, 
(hence its name, from 
violaceus,) and 
condense in the form 
of opaque crystals, 
having a metallic lus- 
tre; these are to be 
washed out of the 
head of the alembic with a small quantity of water, and quickly dried on 
bibulous paper. 

Iodine may likewise be obtained from soap-makers* black ash by a 
similar process : instead of evaporating the mother-liquor to dryness, the 
quantity of iodine is sometimes greater when it is merely concentrated, 
mixed with excess of sulphuric acid, boiled, and filtered : the liquid is 
then mixed with its weight of powdered black oxide of manganese, and 
heated in an alembic, or flask with a tube attached to its neck, when the 
iodine sublimes as before. 

According to Dr. Ure, iodine may be abundantly obtained from the 
brown residuary kelp-liquor of the soap-boilers, by exposing it to a heat 
of about 230°, saturating it with sulphuric acid previously diluted with 
its bulk of water, and pouring the liquor, when cold, off the crystals 
which are deposited, and which are chiefly sulphate of soda. Filter 
the liquor, and to every 12 ounces, apothecaries* measure, add 1000 
grains of black oxide of manganese in powder; put this mixture into a 
large matrass with a wide neck, over which a glass globe is inverted, 
and apply heat with a charcoal chauffer. The less diffusive heat of a 
lamp is apt to crack the bottom of the matrass, particularly if a large 
quantity of materials be employed. To prevent the heat from acting on 
the globular receiver, a thin disc of wood, having a round hole in its 
centre, is placed over the shoulder of the matrass. As soon as the upper 
vessel becomes warm, another is to be put in its place, and thus the two 
may be used in rotation as long as violet fumes arise *, 



* Small quantities of iodine have been 
found in several sea-weeds, and in Ba- 
rilla; it is also to be detected in the 
water of the Mediterranean, and proba- 
bly in sea-water generally; it has been 
found in sponge, and the efficacy of 
the cinders of this substance in bron- 
chocele, and some glandular complaints, 
has been plausibly referred by Dr. 
Coindet, of Gleneva, to the iodic salts 


which it contains; he has also advan-> 
tageously used iodine in the cure of 
bronchocele {Qimrterly Journal, x. 191, . 
xi 407 .) — The best form of iodine for 
medical use, seems to be the alcoholic 
solution in the proportion of 48 grains of 
iodine to two ounces of alcohol (sp. gr. 
825). Of this solution from ten to twenty 
drops may be taken twice or thrice a 
' day ; if it materially accelerates the 
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Iodine has a bluish-black colour ; its lustre is metallic. It is a non- 
conductor of electricity. It is not changed by passing through a red-hot 
tube, either alone or over charcoal. It is soft and friable. Its specific 
gravity according to Gay. Lussac is 4.946. It produces a yellow stain 
upon the skin. Its smell somewhat resembles that of diluted chlorine ; 
its taste is acridf It is extremely volatile ; at a temperature between 
60° and 80°, it produces a violet vapour. In the state of vapour, 100 
cubical inches of iodine weigh 264.75 grains. So that its specific gravity, 
compared with air, is 8.7» and with hydrogen, 125. At 120 or 130° 
it rises rapidly, and at 220° it fuses, and produces copious violet- 
coloured fumes, which condense in brilliant plates, and acute octoedrons. 
At 350° it boils rapidly. Like chlorine and oxygen, it is evolved from 
its combinations at the positive electrode of the voltaic pile. It renders 
vegetable colours yellow. It is very sparingly soluble in water, that 
liquid not holding more than its u eight in solution. The colour of 
this solution is pale brown. It gives out no oxygen by exposure to sun- 
shine, nor does it bleach ; it however slowly loses its own colour, and 
gives lise to the formation of iodic and of hydriodic acid. Iodine is much 
more soluble in spirit of wine and in ether, forming deep brown solutions. 

The peculiar appearance of the vapour of iodine is in many cases a 
sufficient evidence of its presence; a more delicate test, however, was 
discovered by Messrs. Colin and Gaultier dc Claubiy, in its remarkable 
property of forming a deep blue insoluble compound with starch. 
According to Professor Stromeyer, a hquid, containing one 450000th its 
weight of iodine, receives a blue tinge when a solution of starch is added 
to it. To ensure success, the iodine must be in a free state, and the 
solution cold, for boiling water destroys the colour ; where the 
proportion of iodine is very minute, a few minutes elapse before the dis- 
coloration ensues. (Stiomeyer, in Gilbert's xix. 146.) As the 
iodic compounds are decomposed by chlorine, it may often be conveniently 
used as a test of iodine. Thus, when a very minute quantity of iodide 
of sodium or potassium is present in a solution, the addition of chlorine 
discolours it, and if a little solution of starch be added, the iodine is 
immediately detected by the blue colour. Or any compound containing 
common salt and an alkaline iodide, mixed with a solution of starch, and 
exposed to voltaic action, yields a blue colour at the positive electrode. 

The principal use as yet made of iodine and its compounds, is in 
medicine ; it powerfully promotes the action of the absorbents, and is 
chiefly used in glandular diseases, and as an alterative. From the rich 
colours of some of its metallic combinations, it might perhaps be appli- 
cable in the art of calico-printing. 

Iodine and Oxygen. — There appear to be four definite compounds 
of iodine with oxygen ; an oxide, and three acids. 

Oxide of Iodine. — ^This compound was discovered by Professor 
Sementini, in attempting the direct combination of iodine and oxygen : a 

pulse, producing cough, palpitation, and Some useful directions for the prepa- 
restlcssness, it should be discontinued, ration of iodine will be found in the 
or the dose diminished. Iodine has been PhiU Mag, vol. xl. See also a note upon 
found by Vauquelin in an ore of silver, the subject by M. Soubeiran . — Qttarieriy 
(Ann. de Chim. et Phys. xxix.) Journal^ N. S., iv., 205. 
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portion of it, he says, is formed when iodine is repeatedly heated in 
atmospheric air, but it is most rapidly produced by presenting iodine and 
oxygen to each other at a high temperature. For this purpose, a bladder 
of oxygen is affixed to one end of a copper tube, so placed as to be heated 
red-hot by lamps or a small charcoal fire; the other end of the tube 
terminates in the bulb of a tubulated retort containing iodine, which is 
also to be heated by a lamp : the oxygen is then propelled through the 
hot tube into the vapour and upon the hot iodine, and a yellow and very 
thick oleaginous liquid distils over, of an acrid, disgusting taste and 
odour, which is the compound in question. It slowly volatilizes in the 
air, and is very soluble in water and alcohol, producing amber-boloured 
solutions. Phosphorus and potassium are inflamed by it. It changes 
the blue of litmus to green. If an alkali be poured into its solution, it is 
rendered colourless. 

loDOUS Acid. — If excess of oxygen, and a considerable degree of heat, 
be employed in the preceding experiment, the product is partly iodous 
acid. This acid is best obtained by introducing a mixture of one part 
of iodine and three of chlorate of potassa into a retort, and rapidly apply- 
ing heat: a dense fluid distils .over, which should be collected in a 
receiver cooled by a freezing-mixture. It has a pungent taste and 
peculiarly disagreeable odour : its specific gravity exceeds that of water. 
It reddens litmus, and forms a yellow solution when diluted with water ; 
it slowly evaporates when exposed to air, and rapidly volatilizes at 112^. 
It is decomposed by sulphur, disengaging a little heat, and liberating 
violet vapours ; sulphurous acid also decomposes it. Phosphorus and 
potassium are instantly inflamed by it. It is without action on carbon. 
It dissolves iodine. Neither its composition, nor that of the oxide, have 
been accurately determined. {Quarterly Journal^ xvii., 381: Ihid. New 
Series, i. 477») It appears proteble, from the experiments of Wohler, 
that the compound obtained when chlorate of potassa is used, contains 
chlorine. By the spontaneous evaporation of a solution of iodine in a 
dilute solution of soda, Mitscherlich obtained prismatic crystals, which by 
the action of hot-water were converted into iodate of soda and iodide of 
sodium: he considers them as an iodite of soda. — (Ann. de Chim. et 
Phys., xxxvii., 84). 

Iodic Acid (2 -h 80) or (Davy, Phil. Trans., 1815.) — ^This com- 
pound cannot be obtained by the direct action of oxygen on iodine, but it 
is formed by acting upon protoxide or peroxide of chlorine by iodine. 
For this purpose the iodine may be introduced into a small flask, and the 
oxide of chlorine disengaged upon it, from a proper mixture of chlorate of 
potassa and sulphuric acid, with the precautions above pointed out ; or 100 
grains of chlorate of potassa may be introduced into a small retort, with 400 
grains of liquid muriatic acid, of the specific gravity 1.105 : annex to the 
retort a small globular receiver, having a bent tube issuing from it, and 
passing to the bottom of a small flask, containing about 50 grains of iodine ; 
carefriUy apply the heat of a lamp to the retort,'by which oxide of chlorine 
will be disengaged, and whieh will be decomposed and absorbed by the 
iodine. A compound is thus formed, which consists of chloride of iodine 
and iodic acid. The former is separable by a gentle heat; the latter 
remains as a white, deliquescent, semitransparent, sour, and inodorous 
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body, yery soluble in water, and of a specific gravity exceeding 2. Iodic 
aeid may also be precipitated by slowly adding excess of sulphuric acid, 
or of alcohol, to the aqueous solution of the perchloride of iodine. This 
acid is also formed according to Mr. Connell, by boiling iodine for several 
hours with about five times its weight of strong nitric acid. The mixture 
should be introduced into a tube closed at one end, and the iodine, as it 
sublimes to the upper part, constantly returned into the acid, till it dis- 
appears : on carefhlly driving off the nitric acid by heat, the iodic acid 
remains. 

The aqueous solution of iodic acid first reddens and then destroys . 
vegetable colours ; concentrated by evaporation, it affords a pasty mass, 
which is hydrated iodic acid^ which may be crystallized in hexagonal 
laminae, (Serullas Adh. de Chim. et Phys, xliii, 216,) and from which the 
water may be driven off by the careful application of a higher tempera- 
ture ; at about 500 - it fuses, and is decomposed into oxygen and iodine. 
It acts powerfully upon the metals, and with the oxides forms a class of 
salts called iodates.* Nitric, sulphuric, and phosphoric acids, when 
dropped into a hot saturated solution of iodic acid, form crystals of a 
yellowish colour, consisting probably of hydrated iodic acid. It is 
decomposed by muriatic and oxalic acids. When iodic acid is mixed 
with charcoal, sulphur, and some other combustibles, it forms compounds 
which deflagrate when heated : its compounds also deflagrate, like the 
chlorates, when thrown upon red-hot charcoal. Iodic acid is composed, 
according to Gay Lussac, of 

Iodine . . 1 . . 126 . . 76.76 

Oxygen . . 6 . . 40 . • 24.24 

1 166 100.00 

OxiODiG or Peeiodio Acid, (i + 7 0). When a solution of iodate of 
soda, mixed with pure soda, is saturated by chlorine, and concentrated 
by evaporation, a sparingly soluble white salt is obtained, which is a 
periodate of soda : when it is dissolved in dilute nitric acid, and mixed 
with nitrate of silver, a yellow precipitate falls, which, dissolved in hot 
nitric acid and evaporated, yields orange-coloured crystals of periodate of 
silver. These crystals are decomposed by cold water, a yellow insoluble 
subperiodate of silver falls, and an aqueous solution of pure periodic acid 
is formed, which yields crystals of the hydrated periodic acid by evapo- 
ration, and which, at a temperature above 212^, are resolved into oxygen 
and iodic acid. (Ammermuller and Magnus: Poggendorfs Annalenj 
xxviii. 514.) The periodic acid consists of 


Iodine . . 

1 


126 

69 

Oxygen , . 

7 

• • 

66 

31 


T 


181 

100 


Jt' * 

Iodine and Chlorine, Chloride of Iodine, Chloriodic Acid.— 
When Chlorine is conducted into a vessel containing iodine, it is quickly 
absorbed, and a compound obtained, which is brown when the iodine is 
in excess, colourless when exactly saturated, and yellow if there he 
excess of chlorine. It is volatile, and may be distilled without decom- 
position. It tastes sour, and powerfully reddens litmus: it attracts 
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moisture from the air, and dissolves readily in water, forming a brown 
solution wlien there is excess of iodine. It appears to decompose 
water, and to form muriatic acid and a compound of iodine and oxygen ; 
but these combinations are not permanent, for, on evaporation, chlorine 
is evolved, and iodine liberated. The saturated compound is regarded as 
containing one volume of iodine, and two of chlorine, {Berzelius^ i. 
268.) Sir H. Davy {Phil, Trans, 1814, p. 487,) described the crystalline 
compound obtained by subliming excess of iodine in chlorine, under the 
name of chlorionic acid, and regarded it as a compound of one propor- 
tional of iodine and one of chlorine. It forms no permanent compounds 
with salifiable bases. 

The experiments of Dumas and Serullas, seem to prove the existence 
of two compounds of chlorine and iodine, formed by passing chlorine 
over iodine. The protochloride is soluble without decomposition, in 
water, alcohol, and ether ; but the perchloride is resolved by water into 
muriatic and iodic acids, the latter of which may be thrown down by 
sulphuric acid, or by alcohol. The exact composition of these chlorides 
has not yet been ascertained. 

§. IV. BROMINE. 

This singular substance, first described in the Annales de Chun, et Ph^ 
sique, for August, 1826, was discovered by M. Balard of Montpelier. 
Bromine is usually obtained from the uncrystallizable residue of sea- 
water commonly called bittern ; a current of chlorine is passed through 
this liquid, which immediately gives it an orange tint, in consequence of 
the evolution of bromine from its combinations j a portion of sulphuric 
ether is then shaken up with it, ^ which, as it separates upon the surface, 
is found to have abstracted the bromine, and acquired a reddish-brown 
tint. The ethereal solution is agitated with solution of potassa, by which 
bromate of potassa and bromide of potassium are formed, and the whole 
being evaporated to dryness, and exposed to a dull-red heat, leaves 
bromide of potassium. The solution of this salt is decomposed by 
passing chlorine into it, or by mixing .it with a strong solution of 
chlorine; chloride of potassium is formed, and the bromine, being 
volatile, may be separated by distillation, and condensed in a receiver 
cooled by' ice. 

Bromine probably exists in sea-water in the state of hydrobromate 
of magnesia, but its relative proportion must be exceedingly minute. One 
hundred pounds of sea-water taken up at Trieste, afforded, by M. Balard's 
process, 5 grains of bromide of sodium = 3.3 grains of bromine. It 
would appear, that in the sea-water at Trieste the bromine is unaccom- 
panied by any iodine ; and the same is the case, according to M. 

Hermbstadt, with the waters of the Dead Sea. In the water of the 
Mediterranean, on the contraiy, iodine is always found with bromine. 
It is most readily recognised by evaporating the water, so as to separate 
all its more ordinary crystallizable contents, reducing the remainder to a 
very small bulk, and dropping in a concentrated solution of chlorine. 
In the absence of iodine, which may be detected by starch, the appear-, 
ance of a yellow tint announces bromine. It has thus been discovered, 
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not only in* the waters of the ocean, hut in certain salt springs, in the 
ashes of marine plants, aiid in those of some marine animals. 

At common temperatures and pressures bromine is a deep reddish- 
brown liquid, of a peculiarly suffocating and disagreeable odour, w^hence 
its name (from graveolentia.) Its specific gravity is about 3. It 

emits a brownish-red vapour at common temperatures, and boils rapidly 
af 116°. At a temperature somewhat below 0° it congeals into a brittle 
solid. It is a non-conductor of electricity, and appears in the Voltaic 
circuit at the positive pole*. It suffers no change by transmission 
through red-hot tubes, and cannot, by any known process, be resolved 
into simpler forms of matter +. It dissolves sparingly in water, and 
forms under certain circumstances a definite hydrate^ which according to 
Lbwig,^(Poggendorfs Annalen xiv. 114,) is obtained by exposing bro- 
mine with a small quantity of water to a temperature of 32® ; red octo- 
edral crystals of the hydrate of bromine are then deposited, which 
continue permanent at the temperature of -50°. At a higher temperature 
they decompose into liquid bromine and aqueous solution of it. The 
hydrate is also obtained by passing the vapour of bromine through a 
moistened tube cooled nearly to the freezing-point. Bromine dis- 
solves in alcohol; and more abundantly, in ether. It destroys vegetable 
colours. When a burning taper is immersed into its vapour it is speedily 
extinguished, the flame previously assuming a green and red tint. Phos- 
phorus spontaneously inflames in its vapour ; tin and antimony also 
burn in it ; and it combines with potassium with explosive violence. 
Its action on alkaline solutions will be found analogous to that of chlorine 
and iodine. It stains the skin of a yellow colour ; acts with energy upon 
most vegetable and animal substances ; and is fatal to animal life ; a 
single drop placed upon the beak of a bird immediately killed it. The 
specific gravity of its vapour has not been correctly determined, but its 
equivalent number appears, from Berzelius' analysis of bromide of silver, 
to be about 76, which ought also to express its specific gravity in vapour 
compared with hydrogen. The density of its vapour compared to air, 
will, therefore, be about 5.4, and 100 cubical inches should weigh about 
168 grains. The alcoholic solution of bromine, and the bromide of sodium 
are occasionally used in medicine : and from its powerful action, there 
can be no doubt that it must contribute to the medicinal virtues of the 
mineral waters in which it exists. 

* M. de la Hive has remarked a characters of bromine ; an experiment, 
curious fact respecting the conducting however, of M. de la Rive disproves the 
power of fluids for electricity, in the correctness of the conclusion. He 
habitudes of bromine and water; he finds that when a compound of bromine 
found pure dry bromine a non<COndttC- and iodiue iS miXOd Wltll StarCh, OUd 
tor, and perfectly pure water a very im- exposed to the influence of galvanism, 
perfect one; but a solution of bromine bromine appears at the positive and 
in water was a comparatively good con- iodine at the negative wire, where the 
ductor. — Ann. de Chim, et Phys. xxxv. starch acquires a blue tint. On nm-lritig 
161 . the experiment with bromine containing 

f Bromine has been suspected to be a a little bromide of iodine, the same ap- 
compound of iodine and chlorine, and pearance ensues; but if iodine is not 
M. Dumas was said to have obtained previously added, the starch does not 
such a compound possessed of the receive a tint of blue.** 
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Bbomi2«b Ain> OxTOBN — B eomic Acid. (6 + 5 0) or b . One compound 
only of bromine and oxygen has as yet been discovered, namely, the 
bromic acid . Bromic acid is obtained by the decomposition of a solution 
of hromate of baryta by sulphuric acid : sulphate of barjrta is precipitated, 
and a solution of bromic acid obtained, which may be concentrated by 
slow evaporation ; at a high temperature it is partly decomposed, so that 
it cannot be obtained anhydrous. It is sour, inodorous, and first reddens, < 
and then destroys the blue of litmus. It is partially decomposed by 
concentrated sulphuric acid, but not by nitric acid. It is decomposed 
by sulphurous acid, by sulphuretted hydrogen, and by hydriodic and 
hydrochloric acids. From the analysis of bromate of potassa there can 
be no doubt that the bromic acid is analogous in composition to the chloric 
and iodic acids, and that it consists of 

Bromine I . . 78 . . 66.1 

Ox}gen . . 5 . . 40 . . 33 9 

I 118 100.0 

Chlohide of Bromine. — B y passing chlorine through bromine, and 
condensing the vapours at a low temperature, a reddish- yellow fluid is 
obtained, having a penetrating odour and disagreeable taste. It is very 
fluid and volatile, emitting yellow vapours ; it dissolves in water, and 
the solution destroys vegetable colours : it would appear, therefore, not 
to decompose water. Chlorine decomposes most of the compounds of 
bromine, and hence is useful as a test of its presence. When dropped, 
for instance, into a weak solution of bromide of potassium, or of sodium, 
the evolution of bromine is manifested by the deep yellow colour that 
is produced, and by the odour of the vapour of bromine. 

Iodide of Bromine. — Iodine and bromine probably combine in two 
proportions, but the compounds have not been analyzed. In certain pro- 
portions, probably one proportional of iodine and one of bromine, a solid 
body is obtained, which yields reddish-brown vapours when heated, and 
these readily condense into arborescent crystals. A further addition of 
bromine dissolves these, forming a dark-coloured liquid, soluble in water, 
possessed of bleaching qualities, and yielding bromides and iodides with 
the alkalies. 


§ V. FLUORINE. . 

This substance has not hitherto been obtained in an insulated state, for 
its powers of combination are such, that no body has been found capable 
of resisting its energetic action. Olie evidence of its existence, as a dis- 
tinct electronegative element, will be more clearly understood by reference 
to the account of its compound with hydrogen (l^e Hydrofluoric Acid), 
and to the experiments of Sir H. Davy {Phil, Trans.^ 1813, p. 263, and 
1814). Its equivalent number is probably 16. It is found as a com- 
ponent part of a few mineral substances only; one of these, however, 
'commonly called fluorspar^ is veiy abundant, and appears to be a com- 
pound of fluorine and calciqm, or a fluoride of calcium. No compound 
of fluorine with oxygen, chlorine, iodine, or bromine, has yet been shown 
to exist. 



FtUOBINE. 


347 

It may be remarked of the bodies which have been above described 
that although they combine with each other, they do not appear 
possessed of powerful mutual afiinilies; and, consequently, their com- 
pounds are, with few exceptions, either unstable, or easily decomposed: 
this is what might be expected as a consequence of their analogous elec- 
trical relations; for they are all apparently eyolved at the anode in 
Voltaic arrangements. Yet, in respect to each other, it has been sup- 
posed that they may exhibit opposite, though feeble electrical energies, 
and that such compounds, in Voltaic decomposition, may thus present 
one of their elements at the negative pole; a mixed solution, for instance, 
of bromine and iodine, when electrically decomposed, is stated to evolve 
bromine at the positive, and iodine at the negative surface, and it has 
hence been concluded, that iodine is electro-positive in respect to 
bromine; but the possible influence of secondary electro-chemical action, 
in these cases, has not been taken into the account. The compoimds of 
the bodies above described with those in the succeeding sections, that is, 
with the simple inflammableSy and also with the metals, when subjected 
to electrical decomposition, give up the inflammable body at the negative 
pole, or cathode, while the supporter of combustion appears at the 
positive pole, or anode# 


§ VI. HYDROGEN. 

Hydrooen was first duly examined in a pure state by Mr. Cavendish, in 
1766. {Phil. Trans.^ vol. Ivi., 144 .) It had before been confounded 
with several of its compounds, under the name of inflammable air: the 
term hydrogen was given to it by the French chemists, in consequence of 
its being one of the elements of water (from vjWp, water^ and to 

generate). It also forms a component of all vegetable and animal 
products, and is therefore abundantly diffused throughout nature. 

Hydrogen gas may be obtained by the action 
of iron or zinc upon dilute sulphuric acid. Some 
pieces of iron- wire, or of zinc, may be introduced 
into the tubulated flask a (fig. 197 ), aiid covered 
with sulphuric acid, diluted with six times its 
bulk of water; an cfforvescence ensues, heat is 
evolved, and the gas escapes by the bent tube i, 
inserted by grinding into the neck of the flask, 
and may be collected in the hydro-pneumatic 
apparatus. The hydrogen, however, which is thus obtained, is never per- 
fectly pure. When procured by the means of iron, its odour is peculiarly 
disagreeable, in consequence, according to Berzelius {Lehrbuch^ ^86)9 of 
its containing a portion of volatile oil, formed by its union with a minute 
quantity of carbon which all common iron contains. When such gas is 
passed through alcohol, much of the odour is absorbed by it, and on 
diluting it with water it becomes milky. Obtained by means of zinc, the 
gas is perhaps somewhat more pure, but it appears to hold a little zinc in 
solution, and often traess of sulphur and of arsenic. For the purposes of 
delicate experiments, hydrogen must be passed through a solution of 
potassa, then dried by passing it through a tube containing fragments of 
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fused chloride of calcium; it should also be collected over mercury, and 
procured from purified zinc, and sulphuric acid so far diluted as to act 
but slowly upon the metal. The hydrogen liberated by the Voltaic 
decomposition of water by platinum surfaces (see Water), may, when 
dried, be considered as absolutely pure. Upon the same principle it may 
be obtained by inverting a platinum crucible in dilute sulphuric acid, and 
placing a plate of zinc upon it ; the hydrogen is then evolved by the 
Voltaic action of the two metals, and a portion of it collects within the 
crucible. This gas is also in a state of extreme purity when liberated 
from pure water by the action of an amalgam of potassium or of sodium. 

Hydrogen is an uncondensable aeriform fluid, not absorbable by water, 
unless that liquid has been previously deprived, by boiling, of common 
air, in which case 100 cubic inches dissolve about 1 .5 cubic inches of 
the gas. It has no taste, and when perfectly pure is inodorous, but it 
usually has a slight disagreeable smell. It has great power of refracting 
light. It may be respired for a short time, though it is instantly fatal 
to small animals. M. Maunoir, after having breathed a quantity of pure 
hydrogen, found that his voice had become remarkably shrill. {PhiL Mag.^ 
iv., 214.) It is the lightest form of matter known; we therefore conve- 
niently assume it as unity in speaking of the specific gi’avity of gases, as 
well as in referring to the proportions in which bodies combine. In con- 
sequence of its extreme lightness, it is difficult to determine its W’eight 
with accuracy by the common process; but the researches of Berzelius 
and Dulong, and of Dr. Prout, lead us to infer that its specific gravity, 
compared with oxygen, is as 1 to 16: 100 cubic inches, therefore, of pure 
hydrogen gas at mean temperature and pressure weigh only 2.1318 grains, 
and compared w’ith air, its specific gravity is as 0.0694 to 1. 

Hydrogen is inflammable, and extinguishes flame. When pure, it 
bums quietly, with a lambent blue flame at the surface in contact with 
air; but, if mixed with thrice its volume of air, it bums rapidly, and 
with detonation. In making Ithis exjjeriment, a strong phial, capable of 
holding about six ounces of winter, may be employed; or the inflammable 
air^pistol^ which admits of the mixture being fired by the electric spark. 
This instrument consists of a cylinder of brass, about three-fourths of an 
inch diameter, and six inches long, in the form of a 
small cannon or pistol-barrel, properly mounted, and 
having a wire, a (fig. 198), at the part usually occupied 
by the touch-hole, passing through a tube of ivory, 6, 
and not quite touching the interior of the cylinder; an 
electric spark communicated to this wire inflames the 
mixture of hydrogen and atmospheric air in its interior. 
It may be charged, by previously filling it with dry 
sand, and emptying it out into a phial of hydrogen, 
which then rises into the gun sufficiently mixed with 
air; the muzzle may be secured by a cork, which is 
expelled with much violence and a loud report, upon 
the inflammation of the gas. 

In examining into the quantity of atmospheric air 
required to form an explosive mixture with hydrogen, 
Mr. C^avendish found the loudest report was produced 
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by two volumes of hydrogen with six of air. One of hydrogen with nine 
of air burned very feebly, and four of hydrogen with one of air burned 
without explosion. {Phil. Trans.^ Ivi.) 

The electrical air-gun. may be also charged, by holding it for a moment 
over the open jet of the following instrument, fig. 199, always taking care 
that there is a due admixture of atmospheric air, otherwise the electric 
spark mil not inflame it. a is a funnel-shaped vessel, fitting by a ground- 
joint into the three-necked bottle h; to the stopper c is annexed a brass wire, 
with a cylinder of zinc screwed upon its lower end; c? is a tube furnished 
wdth a stopcock and jet-pipe ; the capacity of the vessel a should be nearly 
equivalent to that of i, and may contain from one to 
three or four pints. To charge this apparatus with 
hydrogen, b is three-fourths Med with water, and 
the stopper c being removed, a quantity of sulphuric 
acii, previously diluted with its bulk of water, is 
poured in by a long funnel, so that it may remain at 
the bottom of the water which now fills the vessel. 

The stopper c, with its appended piece of zinc, is 
then put in, and the generated hydrogen forces the 
dilute acid into at, where its pressure serves to propel 
the gas through (/, whenever the stop-cock is opened ; 
the acid, at the same time descending, produces a 
fresh portion of hydrogen by again acting upon the 
zinc. This instrument is useful where small quan- 
tities of hydrogen are required for burning, charging 
air-guns, and other purposes. 

The inflammability, as well a^ the low specific 
are shown in the following experiments; — Let a jar filled with this gas 
stand for a few seconds, with its open mouth upwards ; on letting down a 
candle, the gas will be found to have escaped, and to be replaced by 
common air. Place another jar of the gas inverted, or with its mouth 
downw'ards. The gas will now be found to remain a short time in the 
jar, being prevented from escaping upw'ards by the bottom and |ides of 
the vessel. {Henry.) Hydrogen may in fact be decanted, as it were, 
per ascensum^ from one jar into another held above it. Provide an air- 
jar, with a stop-cock and jet, and fill it with hydrogen, upon the shelf 
of the pneumatic trough ; then set fire to the gas at the jet, and whilst 
it is there burning, slowly lift it out of the water, and hold it firmly by 
the brass cap. The flame will continue for some time at the jet, the 
hydrogen being propelled through it by its lightness; but when thb air 
becomes mixed in such proportions mth the gas as to form an explosive 
mixture, the flame recedes through the jet, and the whole kindles 
suddenly. {Berzelius.) 

If, instead of the mixture of hydrogen and atmospheric air, two 
volumes of hydrogen mixed with one of oxygen be burned in the air-gun, 
or in a stout and small phial, the explosion is extremely violent ; but if 
the mixture be diluted with eight measures of hydrogen, or with nine of 
oxygen, it becomes uninflammable. 

A current of hydrogen may be inflamed when issuing from a small 
aperture, and if a tube of eighteen or twenty inches in length be held over 



gravity of hydrogen, 



HYDROaEN. 


m 


the flame, as in fig. 200, a peculiar musical tone is proceed, 
varying in its pitch with the length and diameter of the 
tube, and the extent to which the flame, which should be 
very small, is introduced within it. This effect is not peculiar 
to hydrogen, but is produced by a variety of other flames 
(Fan^y, Journal of Science and the Arts^ vol. v.), and is 
referable to the succession of explosions and consequent 
vibrations produced by the combustion of the gas in the 
tube. 

The tendency which gaseous fluids have to become com- 
pletely mixed under all circumstances, and as it were to pene- 
trate each other, is well illustrated where hydrogen is employed. 
Thus, if two small phials, the one containing oxygen and the 
other hydrogen, be connected perpendicularly by a long glass 
tube, of small bore, it will be found, that although the hy- 
drogen be uppermost, and much lighter than the oxygen, it 
will, in the course of a few hours, have perfectly mixed with 
the oxygen, and the gases will be found in equal proportions 
in both phials. (Dalton, Manchester Memoirs^ vol. i., New 
Series.) 

The experiments of exosmose and endosmose where hydrogen 
is concerned are also extremely curious. (Sec an excellent 
paper on this subject by Mr. Graham, Edin. Phil. Trans.^ 
vol. xii., p. 222.) The facility, too, with which hydrogen passes through 
crevices, fissures, and capillary tubes, as also through membranes and 
various organic tissues, is very remarkable. 

Hydrogen, in consequence of its extreme lightness, is employed for 
filling air-balloons; and from its easy inflammability it is elegantly 
applied to {£e purpose of obtaining instantaneous light in Volta's 
inflammable air-lamp^ an instrument in which a small jet of hy- 
drogen is inflamed by an electric spark, derived from an annexed 
electrophorus. 

The flame of hydrogen is occasionally employed for exciting intense 
heat; and it has been found, when mixed with oxygen, and burned as 
the mixture issues from a small jet, to excite a temperature; nearly equal 
to that of the arc of flame in the voltaic circuit. A blow-pipe upon this 
construction was first made by Mr. Newman, and afterwards improved, 
as to its safety, by Professor Gumming, of Oambridge. (Journal of Science 
and the Arts^ i. 65, and ii. 380.) A full account of the construction and 
use of this hydro-oxygen blow-pipe will be found in Dr. Clarke's book 
upon the subject (London, 1819.) Mr. Hemming^s safety-tube may also 
be used in these experiments. (See Phil. Mag.y 3rd series, i. 82.) An 
excellent mode of obtaining intense heat by the combustion of oxygen 
and hydrogen, consists in propelling them frofll separate air-holders 
through a burner composed of two concentric tubes : a good foml of 
which has been contrived by Mr. Daniell. (Phil. Mag.^ 3rd series, 
ii. 57«) The apparatus for this purpose has ^Iso been further improved 
by Mr. Maugham, especially as relates to its application to the solar 
microscope. (Trans. Soc. Arts^ 4^., vol. l.) 
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Hydroqen anp Oxyobn, Water, Prdtoxide op Hydrogen. 
(/l+O) or g.— ITie discovery of the composition of water, one of the 
most important in the science of chemistry, was made by the celebrated 
Watt, in the year 1787; and his conclusions were subsequently con- 
firmed and illustrated by Cavendish, in 1780. {Phil Trans.) 

When two volumes of pure hydrogen gas are mixed with one volume 
01 pure oxygen gas, and the mixture inflamed in a proper apparatus by 
the electric spark, the gases totally disappear, and the interior of the 
vessel is covered with drops of pure water, equal in weisht to the Rases 
consumed. , 

If pure water be exposed to the action of Voltaic electricity, it is 
resolved into two volumes of hydrogen, disengaged at the negative pole, or 
cathode, and one volume of oxygen, disengaged at the positive pole or 
anode (see p. 276); so that water is thus proved by synthesis^ and by 
analysis^ to consist of two volumes of hydrogen, combined with one 
volume of oxygen. The specific gravity of hydrogen, compared with 
oxygen, is as I to 16; these numbers, therefore, represent the comparative 
weights of equal volumes of those gases; but as water consists of one 
volume of hydrogen and half a volume of oxygen^ it is obvious that the 
relative weights of those elements will be as 1 : 8, or, as follows: — 

Volumes. 

Hydrogen . . I • . 1 . . 11.1 . , 1.0 

Oxygen ... 1 . . 8 . . 88.9 . . 0.5 

1 9 100.0 

The experiments illustrating the composition of water, and showing 
the proportions in which its elements are united, may be divided into 
synthetic and analytic. Among these the following may be selected : — 

Synthetic Experiments. — ^i. Burn a current of hydrogmL under the 
copper funnel a, represented in the following wood-cut, fig. 201 ; by 
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uniting with the oxygen of the atmosphere it will produce aqueous 
vapour, which passing into the glass cylinder i, will condense in drops*. 
^ ii. If two measures of pure hydrogen be mixed 

with one of pure oxygen, and detonated in the 
^ graduated glass tube ar, fig. 202, standing over 

I water or mercury, by an electric spark passed 

= through the platinum wires 6 the gases will 

= entirely disappear. If there be any excess of 

^ either of the gases, the portion in excess will re- 

main unconsumed. At the moment the explosion 
takes place the gaseous mixture becomes greatly 
expanded, probably to fifteen times its original 
bulk (Davy on Flame^ p. 90), and a portion is apt 
to escape at the bottom of the tube; hence the 
advantage of performing the experiment over mer- 
l cury in the form of apparatus recommended by 

^ ^ Dr. Ure. (See Eudiometer.) 

iii. The same experiment may be thus varied. 



A (fig. 203) is a very strong and thick glass vessel 
provided with a glass stop-cock £, and with a 
ground stopper firmly secured by the brass collar c, 
through which the platinum wires dd pass. The 
vessel A, previously exhausted of air, is placed 
upon the bell-glass b, in the pneumatic trough, con- 
taining a mixture of pure oxygen and hydrogen 
in the above-mentioned proportions. Upon open- 
ing the stop-cocks be, a quantity of the mixed 
gases paases 'into a, where, after havmg carefully 
closed the stop^ocks^ it may be inflamed by an 
electric spark passed through the platinum wires. 
At the instant of the detonation, a vivid flame 
pervades the upper vessel, and it becomes lined with 
moisture. If the stop-cocks be again opened, a fresh 
portion of the mixed gases enters, and may be 
inflamed as before. 

iv. A mixture of oxygen and hydrogen gases, 
suddenly submitted to violent mechanical com- 
pression, unite mth combustion, and produce 
water. (Biot.) Under a more gradual compression, 
equivalent to that of 50 atmospheres (by sinking 
the mixed gases in a tube, sealed by mercuiy, 
to a depth of 540 metres in the sea), the gases do 
not unite. (Delarache.) Water may also be pro- 
duced by heating the mixed gases to a temperature* 
below t^t required for their combustion with flame. 


. * On examining the water thus pro- j hydrogen be in excess it somet^es con- 
duced, it is genertdly slightly acid from tains ammonia. (Saussure, Ann. de 
the presence of mtric add, derived from | CAim., Ixxi., p. 282 .) 
the nitrogen In the atmosphere ; if ^ 
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(Davy on Flames p. 68.) According to Grotthus, no explosion takes 
place in a mixture of two volumes of hydrogen and one of oxygen, ex* 
panded to six times its volume*by heat, or to sixteen times its volume by 
diminished pressure. (Annr de Chim.^ Ixxxii.) Electric sparks, how- 
ever, passed for some time through such a mixture, gradu^ly produce 
water. A red heat, visible by daylight, inflames the mixture ; but a 
ver^dull red heat only causes the combination of the gases without 
explosion. 

V. A very curious discovery connected with the present subject 
was made in the year 1824, by Professor Dobereiner, of Jena, who 
found that spongy platinum, (see Platinum,) possessed the singular 
property of causing the immediate combination of hydrogen and oxygen, 
with heat silfficient to inflame the gases, and of course to render the 
metal red-hot. If a small piece of well-prepared spongy platinum be 
held in a jet of hydrogen issuing from a small tube into the atmosphere, 
it immediately becomes hot enough to inflame the gas. If a mixture of 
oxygen and hydrogen, or of atmospheric air and hydrogen, not in explo- 
sive proportions, be submitted to the action of the platinum, it disposes 
the gases to slow combination, water is gradually formed, and if there be 
a sufficiency of oxygen, the whole of the hydrogen disappears under its 
influence ; if, on the other hand, there be excess of hydrogen, the oxygen 
disappears. In analyzing certain gaseous mixtures, therefore, platinum, 
in this peculiar state of mechanical division, becomes a most valuable 
agent. For more convenient application to such purposes, the platinum 
may be mixed with an equal weight of pure clay, and moulded with a 
little water into small balls, which must be carefully dried at a high heat. 
These may be conveniently thrown up into gases standing over mercury, 
and their power is not impaired by use; for they may always be rendered 
efficient, or their power restored, by heating them in the fl^e of a blow- 
pipe. Spongy platinum also causes the union of oxygen with several 
other gases, such as carbonic oxide, and at high temperatures, oleflant 
gas ; it also promotes the decomposition of nitric oxide by hydrogen, (see 
Dulong and Thenard’s Paper, Ann. de Chim. et Phys.^ xxiii. 4^.) A 
very few .other metals operate in the same way, but less perfectly than 
platinum, such as palladium and iridium. Gold and silver in fine leaves 
are efficient at temperatures above 212^. 

vi. The extraordinary effects observed by Mr. Faraday respecting the 
action of the platinum which had formed the positive pole of the voltaic 
pile upon a mixture of oxygen and hydrogen gases, and which he has 
detailed and investigated in the sixth series of his Experimental Re- 
searches in Electricity," {Phil. Trans,, 1834, p. 55,) ore apparently of 
the same nature as those observed by Dobereiner. He refers them to a 
peculiar attraction between the perfectly clean metallic surface and the 
particles of the gaseous mixture, resembling that by which bodies become 
welted by fluids with which they do not combine chemically, or in which 
they do not dissolve; or the attraction which renders certain bodies 
hygrometric, though they neither dissolve in, nor combine with, water; 
or lastly, to a kind of attraction analogous to that between air and g^s, 
so well known to barometer-makers. It may be conceived that by some 
such attractive force the particles of the oxygen and hydrogen become so 

2a 
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approximated, and depiiyed of their gaseous repulsion*, as to enter into 
chemical combination, and in so doing, to evolre the heat which raises 
the temperature of the metal. 

Analytic Experiments. — ^Water may be decomposed, or resolved 
into its elements, by a variety of processes, of which, the following will 
sufBice for our present illustration :«-r 

i. a (fig. 204) is a glass retoft, into which is introduced a given 
weight of water; 66 a small furnace through which passes the porcelain 
tube cc, which terminates in the spiral pewter tube dd^ immersed in water. 
A given weight of pure iron-tvire, coiled up, is introduced in the tube c, 
and the whole made red^hoti the water in a is then made to boil, and 
the vapour, on coming into contact vnth the red-hot iron, is iiv part 
decomposed; the oxygen is retained by the iron; and the hydrogen, 
escaping through the tube may be collected as usual. Any undecom- 
posed portion of water is condensed in the worm-pipe d, and drops into 
the vessel e. After this experiment the iron >^11 be found to havt 



increased in weight; and if attention be paid to the quantity of water 
which has collectedi^ c, and to the weight of the hydrogen gas evolved, 
it will be found thAt the weight gained by the iron, added to that of the 
hydrogen, will be equal to the weight of the water which has disappeared. 

Lavoisier concluded, from an expe- 
riment thus conducted, that water 
consisted of 85 parts by weight 
of oxygen, and 15 by weight of 
hydrogen; that is, that for every 
15 grains of hydrogen gas evolved, 
85 grains of oxygen were con- 
densed by the iron. 

ii. Decomposition by Voltaic 
electricity best illustrates the com- 
position of water, since it exhibits 
both the oxygen and hydrogen in 
the galseous form. The annexed 
wood-cut represents a section of 
an apparatus for this purpose. It 
is a glass vessel containing water, 
having two wires of platinum, a a, 
passing through its bottom, which 
terminate in tw<f narrow plates of 
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strips of platinum, d a\ which rise up into, and over which are inverted, 
the tubes b 6, also filM with water. The wires are rendered positive 
and negative hj connexion with a moderatelj-powerful Voltaic apparatus. 
Oxygen is evolved at the ppsitive wire, and hydrogen at the negative 
wire, which gases rise into the tubes, and it is seen that one volume of 
oxygen, o, and two volumes of hydrogen. A, are the constant results. If 
these gases be mixed and detonated, pure water is again formed*. 

Properties op Water.— Water; in its ordinary state, such as spring 
and rivet'-water^ is always so far contaminated with foreign substances as 
to be Unfit for many chemical purposes, and frequently, as will be more 
fully shown hereafter, even for domestic use. ' Ruin-mater is much more 
pure, but it always contains small quantities of carbonic acid and of 
atmospheric air, besides appreciable traces of vegetable or animal matter; 
to the latter it owes its property of becoming putrid when kept. Has- 
senfratz asserts that snow-water contains excess of oxygen. — {Jour, de 
VEcole Polytech,^ cap. iv., 570.) Rain-water collected near the sea shows 
traces of chlorine. The distinction of water into hard and soft has 
reference to its less or greater purity. The impurities of water are 



* By passing electric shocks by fine 
wires through water, oxygen and hydro- 
gen are evolved at both poles; the 
decomposition therefore Is not dectro- 
polar. {See p. 208.) 

If the water used for Voltaic decom- 
position be not perfectly pure, its impu- 
rities are shown by the produotion of acid 


and alkaline matter at the positive and 
negative pole {See p. 276). But pure 
water is so imperfect an ^ectroly te tliat, 
in the above experiment, it is convenient 
to render it more easy of decomposition 
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set in brickwork, according to its dimensions, to which is annexed the 
siiU^ead^ 6, of the same material, or of pewter, coiinected with the 
pewter worm^ c, which is immersed in the tvorm-ittb^ or refrigerator^ d, 
its lower end passing ont at e. The water in this vessel must always be 
retained of a low temperature, to effect the condensation of the vapour in 
the spiral tube. 

Distitted water^ as commonly prepared, always affords minute traces 
of foreign matter, especially when subjected to Voltaic decomposition, 
and can only be considered as perfectly pure when re-distilled at a low 
temperature in silver vessels (see p. 277)« 

Pure water is transparent, and without either colour, taste, or smell 
Several of its characters, in respect to the agency of heat, have abeady 
been npticed, more especially the singular fact respecting the temperature 
at which it attains its maximum density (p. 130).* It is a powerful 
refractor of light, and a very imperfect conductor of heat (j. 146) and of 
electricity (p. 226). In consequence of the fiicility of obtaining it pure, 
is it assuYned as a standard to which the retativc weight of all oth^r 
bodies may be compared, its specific gravity being called sr 1.000, and 
hence the importance of estimating its weight with precision (p. 135). 
At the temperature of 62^, which is that to which specific gravities are 
usually referred, a cubic inch of water weighs 252.458 grains; or, at 60^, 
the cubic inch weighs almost exactly 252.5 grains, and the cubic foot 
§98.217 ounces avoirdupois^ which is so near 1000, that the specific 
gravity of any substance, in reference to water, is very jiearly the absolute 
weight of one cubic foot of such substance in avoirdupois ounces. The 
specific gravity of gold, for instance, is 19.3, in reference to water as 
unity, and, therefore, a cubic foot of gold weighs nearly 10300^ ounces. 
Water is about 815 times heavier than atmospheric air. I 

At the temperature of 32° water congeals into ice, which, if slowly 
formed, produces needles crossing each other at angles of 60° and 120°. 
Theb forms are various, but the primitive*®gure has not been ascertained 
though it is probably rhomboidal. The specififi^gravity of ice is 0.94, or 
thereabouts, varying a little; in consequence of the air-bubbles which it 
includes: the densest ice, however, obtained by freezing-water deprived 
of air, is always lighter than water. Ice is a nonconductor of electricity, 
and under favourable circumstances becomes electric by friction. It is a 
very bad conductor of heat. In freezing, the water expands with such 
^ force as to burst very thick and strong vessels in which it is confined. 
The* nature of iron and leaden pipes is a familiar instance of this power. 
The most interesting experiments upon the subject are those of Major 
Williams {Edin. Phil. Trans.^ vol. ii.) Bomb-shells, about 13 inches in 
diameter, and more than 2 inches thick, were filled with water; the fuse- 
holes were then plugged with iron-bolts, and^ thus charged, were exposed 
to the open air at a temperature between - 4° and - 19°. At the 
moment of congelation the plugs were thrown out, and the ie€ protruded 
Ithrough the fuse-hole. When the plug was duly secured, the shell itself 
burst. The greatest different observed in these experiments between 
the bulk of water before and after congelation was : 174 : 184. Ex- 
posed to the air, ice loses considerably in weight by evapoiation. Hail 
is always crystallized in the form of tw'o six-sided pyiamids, applied 



PHOPEnTlES OF WATER. 


367 

base to base. The faces of the two pyramids meet at angles of about 
80®, and one of^the pyramids is always truncated. — (Smithson, Ann. of 
PhiL^ 2nd series, v. 340.) 

. . If iprater be exposed to heat in open vessels it boils, or is converted 
into steam, at 21*2'^, the barometer being at 30 inches; but the boiling- 
point of water varies considerably with the pressure, (p. 161.) The 
specific gravity of air being considered as =r 1 ; that of steam is 0.624; 
100 cubical inches weighing 19.062 grains. 

In«the constitution of aqueous vapour or steam, two volumes of 
hydrogen and one of oxygen are con- 
densed into two volmnes, as in the 
annexed diagram. The specific gra- 
vity, therefore, of steam compared with 
that of hydrogen, is as 9 to 1 ; or in 
reference to aij as = 1, 

1 volume of hydrogen, specific gravity . . . 0,0094 

t . . oxygen, . . ... 0.5555 

Specific gravity of steam therefore = 0.C249 

At mean pressure, and at the temperature of 212®, the bulk of steam is ^ 
about 1700 times greater than that of water. (See p. 158.) 

‘Water is susceptible of compression, as was originally shown by 
Canton. Perkins states that a pressure of 2000 atmospheres occasions 
a diminution of l-12th its bulk (PAii. Trans,^ 1820). This subject has 
been more recently examined into by (Ersted, whose results differ from 
those of Perkins: the estimate of the latter he thinks too great {Edin, 
Jour. Science^ xii., 201). According to his experiments and those of 
Colladon and Sturm (Ann. de Chm. et Phys, xxxvi., 140), its absolute 
diminution of bulk for each atmosphere is M.3 millionths of its volume. 
It is stated by Dessaignes that when water is submitted to very sudden 
compression, it becomes hminSus, (Thenard, TraiU de Chimie^ L 432.) 

Water enters into c6%)inatipn with a variety of substances, and is 
retained jidtk various^degrees of force ; where it contributes to the regular 
form and transparency of crystallized bodies, it is termed water of crystal- 
lization (p. 109). In other cases the compounds which water forms with 
substances are called hydrates^ as with many of the metallic oxides; in 
both cases it may be considered as one of the constituents of the bodies, ■ 
for it exists in them in a definite proportion. 

Water, which has been exposed to the atmosphere, always contains 
a portion of air, as may be proved by boiling it, or by exposing it under 
the exhausted receiver of the air-pump. To separate the air, the water 
must be boiled for about two hours. It absorbs oxygen gas in preference 
to atmospheric air or nitrogen, and, when the air is expelled by boiling, 
the last portions contain more oxygen than those first given off. — (Hum- 
boldt and €Kiy Lussac, Journal de Physique^ 1805.) 

Mr. Dalton states, that 100 cubical inches of spring water afford abouH 
two inches of air, which, after losing from 5 to 10 per cent, of carbonic 
acid by the action of lime-water, consists of 38 per cent, oxygen and ^ 
nitrogen (New System^ 271)* Dr. Henry obtained 4.76 cubic inche^i of 
gas from 100 of &e water of a deep spring, of which 3.38 were carbmdc 


Hydrogen 

Oxygen. 

Steam. 

1 

8 

9 ' 
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'fKRd gas, and 1.38 air, of the same standard as that of the atmosphere. 
There can, howeyer, be no doubt, that the aeriform contents of difierent 
springs vary both in quantity and quality. 

The following Table exhibits the quantity of different gases which 
water is capable of absorbing at mean temperature and pressure, the 
' water being preriously deprived of all ahnform matter by long boiling. 


GASES. 

100 Volumes of Water 
absorb 

AUTHORITY. 

Oxygen 

3.7 volumes 

Dalton. 

Chlorine .... 

200 

(jay Lussac. 

Oxide of Chlorine . 

800 

Stadion. 

Hydrogen . 

1.66 

Henry. 

Muriatic acid .... 

50000. average 

Davy. 

Hydriodic acid . 

Nitrogen .... 

1.66 

Henry. 

Nitrous oxide 

100 

Ditto. 

Nitric oxide .... 

5 


Nitrous acid 

Ammonia .... 

C7000 average 


Sulphurous acid . 

3000 

Davy. 

Sulphuretted hydrogen . 

100 

Dalton. 

Hydroguret of phosphorus . 

2.14 

Henry. 

Bi-hydroguret of phosjdiorus . 

12 

Davy. 

Carbonic oxide . 

2 average 


Carbonic acid .... 

100 

Dalton. 

Carburetted hydrogen 

12.6 

Dalton. 

Cyanogen .... 

450 

Gay Lussac. 

fluoboric acid . 

70000 

John Davy. 

Flnosilicic acid 

35000 1 

Saussure. 

Hydroeelenic acid 

SfM) 

Berzelius. 


The great importance of water as a natural and artificial agent, both 
mechanical and chemical, must be sufficiently obvious. The manner in 
which its changes of state or form influence the temperature of the 
globe, will be evident by a reference to the details given in the Section 
on Heat. When it freezes, the expansion which it suffers, and the force 
with which its particles arrange themselves in th*e crystalline form, are 
often actively concerned in the disintegration and decay of rocks and 
strata, and in the production of soils. Water is a most general and 
useful solvent, especially of saline bodies, the relative solubilities of 
which will be stated under their individual chemical history. Considered 
as 9 chemical agent, it is frequently resolved into its elements ; these are 
i^olnetimefii respectively concerned in the production of new compounds : 
•when chloride of phosphorus, for instance, acts upon water, its chlorine 
.combines with the hydrogen of the water to form muriatic acid, and the 
'Phosphorus and oxygen unite to form phosphorous acid. In other cases 
bodies decompose water by the absorption of oxygen only, and the hydro- 
gen is liberated in the gaseous form ; but there is no instance in which 
ilffie hydrogen is absorbed, so as to cause the evolution of meous oxygen. 

. I^BROxiDE OP HyMiooEN.~OxyoBNATBD Watbr. (%+ sO). This 
flingttlar compound was discovered by Thenard, in 1818: he obtained it 
by dissolving the peroxide barium in muriatic acid and water, and 
adding sulphuric acid, by which the protoxide of barium is precipitated 
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in the state of sulphate, and the excess of oxygen transferred to the 
water: by sereral repetitions of this process the water is gradnidly 
saturated with oxygen. There are so many difficulties attending 
wh^ process, that it has 'been seldom repeated, and we know little of 
the nature of this extraordinary compound, except through the original 
Gsirays of its discoverer : it has been surmised, from its properties, and 
mode of formation, that it may be a solution of liquid oxygen ; Thenord, 
however, regards it as a definite combination of hydrogen and oxygen, in 
which one atom of the former is combined with two of the latter, as 
follows 

Thenard. Volames. 

Hydrogen . . I . . 1 . . 6.9 . . 6.02 . . 1 

Oxygen . . 2 . . 16 . . 94.1 . . 93.98 . . 1 

1 17 100.0 100.00 

Much of the success of the process for obtaining this compound, 
depends upon the purity of the peroxide of barium: the following 
details arc from Thenard s memoir, {Ann» de Chim, et Phys.^ viii. ix. x. 
and h.; Thenard’s Traiie de Chinu^ Eld. 4, ii., p. 41.) 

To obtain pure peroxide of barium, prepare a pure nitrate of baryta, 
and give it a strong heat in a porcelain vessel, by which, baryta, not 
quite pure, but containing traces of silica and alumina but no manganese, 
will be obtained ; the latter impurity must always be most cautiously 
avoided, for oxide of manganese possesses the property of energetically 
decomposing the oxygenated water. 

The barytii, broken into small pieces, is then introduced into a luted 
glass tube (the glass should not contain lead) large enough to contain 
about two pounds of it, and being heated to dull redness, a current of 
dry and perfectly pure oxygen gas is passed through it, which it rapidly 
absorbs ; this operation is to be continued till the oxygen escapes from a 
small tube inserted into the opposite extremity of the larger one. 

The peroxide of barium thus obtained is pale gray, andj;;frequently 
some pieces are speckled with green, which announces the presence of 
manganese, and which should be rejected : its distinctive character is, 
that it crumbles when a few drops of water are added to it, without 
produejng heat. 

The process then proceeds as follows. Take a certain quantity of 
water (jibout eight ounces for instance), and add to it a sufficiency of 
pure and fuming muriatic acid to dissolve about 230 grains of barjrta : 
put this acid liquor into a glass vessel, which, during the operq^ipn, 
must be surrounded by ice ; then take about 185 grains of the peroxide^ 
rub it into* a fine paste with a little water in an agate mortar, and put,it. 
into the acid liquor with a box-wood spatula ; it soon dissolves without 
effervescence : to this solution add pure sulphuric acid drop by dcop, 
stirring it with a glass rod, till it is in slight excess, which is knowj^" by 
the readiness with which the' sulphate of baryta falls : then dissolve a 
second portion of the peroxide and precipitate as before, taking care*to 
use enough, but not too much, sulphuric acid. The liquor is now to be 
filtered, and the residue washed vnth a little water, so as to keep up the 
original measure by adding it to the first portion : a secondrand third 
washing of the residue with very small quantities of water may be 
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ttAtiKible, and these fiquors should be kept apart for the purpose ol 
wasliiiq; the filters in subsequent operations. 

A firesh portion of the peroxide is then dissolved in the filtrated 
fiquor and decomposed as before, filtering at e%ery two operations, and 
sSbshing the filter with the savings of the others ; we thus proceed till 
the water is sufficiently oxygenated. When about two pounds of the 
peroxide have been consumed, the water will be united to about thirty 
times its volume of oxygen, which is as much as it will retain, unless 
some muriatic, acid be added, in which case M. Thenard has made it 
retain 125 volumes. 

When the water is sufficiently oxygenated, it is retained in the ioe, 
and supersaturated with the peroxide of barium, which occasions the 
separation of flocculi of tilica and alumina, coloured with a little oxide 
of iron and of manganese ; the whole is then filtered as quickly as 
possible, and returned into the vessel surrounded by ice; the baryta is 
separated by sulphuric acid ; and pure sulphate of silver is added, to 
separate the muriatic acid, upon which the liquid, before milky, becomes 
suddenly clear. The sulphuric acid is ultimately separated by baryta, 
the liquor filtered, and placed in a shallow vessel, under the air-pump 
receiver, including a basin of sulphuric acid; the receiver hewing 
exhausted, the water evaporates and is absorbed by the acid, while the 
peroxide of hydrogen^ being less vaporisable, remains: if it give out 
any oxygen, which sometimes happens, from its containing impurities, a 
drop or two of weak sulphuric acid will prevent its further evolution. 

The peroxide of hyd^en thus concentrated has the following pro- 
perties: its specific gravity is 1.45; it is colourless and inodorous; it 
blisters the cuticle of the tongue, and has a peculiar metallic taste. Jt 
docs not congeal when exposed to cold, unless diluted. It is rapidly 
decomposed at a heat below 212^, and very slowly at ordinary tempera- 
tures; it may be long kept at 32°. It is decomposed by the voltaic pile 
with the same phenomena as water. It is decomposed by all metals 
dxcept iron, tin, antimony, and tellurium : the metds should be finely 
divided, or in powder: silver and oxide of silver decompose it very 
suddenly with the evolution of heat and light : platinum and gold pro- 
duce the same phenomena ; lead and mercury slowly separate the oxygen. 
Qipiment and powdered sulphuret of molyMenum act upon it wiih the 
same violence as silver ; the peroxides of manganese and of lead also 
occasion its instant decomposition. 

Hydrogen and ChIiORine — Muriatic Acid — Hydrochloric Acid 
(A+C) or he* or m*. — ^When equal volumes of hydrogen and chlorine 
are mixed, and exposed to light, they slowly combine, and produce a sour 
compound, coDunonly called nntriatic acid gas; or, in conformity to more 
modem nomenclature, hydrochloric acid gas. If the above mixture be 
exposed to the direct solar rays, a detonation often ensues, as was first 
remarked by MM. Gay Lussac and Thenard.-— (IZecAercAer Phyncth 
ChynUques^ ii 129.) It also detonates when suddenly exposed to the 
intense light of the Voltaic discharge passing between charcoal points; 
showing a curious analigy between electric and solar light; for o^inary 
artificial light does not accelerate the combination. .The moon's rays 
are also ineffective. (Brande, Phil. Trans. 1820«) That direct solar 
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ugm 18 not necessary to effecl^this combination has been shown by Pro- 
fessor Silliman (American Journal of Science, iii. 342), who rentes a 
case of the explosion of the mixed ga^s in dull and cloudy daylight. 
This fiict furnishes a caution against mixing any considerable quantities 
of chlorine and hydrogen. According to Dr. Ileniy, the agency of light 
on tfiese gases may be beautifully shown by filling a tube, about half an 
inch diameter, and twelve inches long, with the mixed gases, and alter- 
nately shading it with an opaque cover, and exposing it to the sun's rays. 
The moment the tube is exposed even to the diffused light of day, a 
cloudiness will appear within it, and the water will ascend more or less 
rapidly according to the intensity of the light. The effect even of a 
passing cloud is distinctly seen in retarding the rapidity of the combina- 
tion, which is very striking in the full solar light.— ^£/emeit/r, vol. i.) 
Seebeck states that the mixed gases, exposed to the sun's rays in a tube 
of violet-coloured glass, combine rapidly, but without explosion, and that 
in a tube of red glass they scarcely act upon each other. 

The best mode of showing the composition of muriatic acid, is to 
introduce into a small but strong glass vessel a mixture of the two gases, 
and to inflame them by the electric spark; no change of volume ensues,' 
and muriatic gas results. The apparatus shown at fig. 203, may be 
used for tliis purpose ; or a jet of hydrogen may be infixed and intro- 
duced into a jar of chlorine ; during its combustion the yellow colour of 
the chlorine disappears, and muriatic acid is formed. 

Sir II. Davy found that the heat evolved during the combustion of 
a mixture of equal volumes of chlorine and hydrogen, exceeded that 
produced by a mixture of oxygen and hydrogen, and that the former 
mixture was inflamed at a lower temperature, and would bear much 
greater rarefaction than the latter, without losing its explosive property. 
Oxygen and hydrogen ceased to explode when rarefied 18 times, but 
chlorine and hydrogen retain their combustibility when rarefied 24 times. 

By passing a succession of electric £q>arks through muriatic acid gas Dr. 
Henry effected its partial decomposition, and when it had gone to a certain 
extent, the gases again combined: he also found, that bypassing a mixture 
of oxygen gas and muriatic acid gas through a red houl; porcelain tube, 
or by the transmission of electric sparks, water was formed and chlorine 
evolved. At the temperature of 250%- the same change was produced 
upon the mixture by spongy platinum . — (PkiL Trans., 1812 and 1824.) 

Muriatic acid gas may ^so be decomposed by the action of several of 
the metals. — (Davy: Phil. Trans., 1810.) Potassium, for instance, 
absorbs the chlorine, and the hydrogen is evolved; muriatic acid gas thus 
affords half its volume of hydbx)gen. This experiment is best made by 
introducing a piece of potassium into a small retort, which is then to be 
exhausted and filled with muriatic acid gas from a jar standing over 
mercury. The potassium generally takes fire, but is sometimes prevented 
bunring by the formation of a film of chloride of potassium, and then 
requires to be heated, which, however, should be done caiefrilly, as the 
retort is apt to break in consequence of the intensity of the combustion 
that ensues. When it has cooled it will be found that the residu^ gas 
is hydrogen, equal to half the original bulk of the muriatic acid.' H a 
piece of burning potassium be inti^uced in a small copper spcpM^ilito a 
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bottle filled with muriatic acid gas, the metal dontinues in vivid com- 
bustion, and the evolved hydrogen at the same time takes fire, and 
bums with a blue flame at the neck of the bottle. Tin and lead heated 
in the gas also efiect its decomposition, and evolve exactly half its bulk 

of hydrogen. The specific 
gravity of hydrogen to chlo- 
rine is as 1 to 36 ; one 
volume of hydrogen and one 
of chlorine combine to form 
two volumes of muriatic acid gas, as shown in the above diagram ; or 
(according to Davy, and to Gay Lussac and Thenard), muriatic acid 
gas consists of 

Volumes. 

Hydrogen . . 1 . . 1 . . 2.75 . . 1 

Ghloriue . . 1 . . 36 . . 97*25 . . 1 

1 37 . 100.00 2 

It te decomposed, when heated with the gi-eater number of metallic 
oxides; metallic chlorides are formed, and the oxygen of the oxide 
combining with the hydrogen of the . acid forms •water. 

Muriatic acid gas was discovered by Dr. Priestley in 1772 : it is 
generally procured for the purposes of experiment, cither by applying 
heat to the strong liquid muriatic acid ; or, more readily and in greater 
abundance, by acting upon common salt, or sal-ammoniac, by sulphuric 
acid; the evolved gas must be received over mercury. The salt should 
be put in fragments into a small tubulated retort, which may be one- 
fourth filled with it : the sulphuric acid should barely cover the pieces of 
salt ; the gas is instantly extricated, and when its evolution slackens, it 
may be quickened by the gentle heat of a lamp*. It is convenient to 
put a long strip of folded blotting-paper into the neck of the retort, which 
absorbs any liquid that may chance to go over, and prevents its soiling 
the mercury. With a little practical dexterity, bottles may be conve- 
niently filled >vith this gas in the way described in the note at page 334. 

The specific gravity of muriatic acid gas compared with air is 1.269; 
and as it consists of equal volumes of hydrogen and chlorine (combined 
without change of volume), 100 cubical inches must weigh 39.36 grtiins; 

fur 50 cubic inches of hydrogen weigh 1.06 

50 . . chlorine . . 38.29 

100 . . muriatic acid gas . . 39.35 

Although permanently gaseous at all common temperatures and 
pressures, Mr. Faraday liquefied this gas by generating it in a sealed 
tube, so as to expose it to a pressure of about 40 atmospheres at 50°. It 
was colourless, and possessed a refractive power inferior to that of water. 

* Sal-ammoniae is a compound of acted upon by sulphuric acid, is decom- 
muriatic acid and ammonia: the sul- posed; the sodium, combining with the 
phuric acid combines with the ammonia oxygen of the water in the acid, forms 
to igmn a sulphate of ammonia which soda, which, with the sulphuric acid, 
^gpmains in the retort, and the muriatic forms sulphate of soda; and the hydrogen 
add is liberated in its gaseous form, of the water, combining with the chlorine 
Common salt is a compound of chlorine of the salt, forms muriatic acid, 
and sodium (see todnm)^ which, when % 
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.Muriatic acid f 3 ;as is perfectly uurespirable : it exjdnguishes tbe flame 
of a taper, and is itself uninflammable. It irritates me skin. It has a 
strong attraction for water: when it escapes into the air it forms visible 
fumes, arising from its combination with aerial vapour. A piece of ice 
let up into the gas over mercury, immediately liquefies and absorbs it; 
and if a tall jar of the gas be carefully transferred, with its mouth 
downwards, from the mercurial to the water-trough, the water instantly 
rushes in with violence, and fills it. Litmus-paper is powerfully reddened 
by this gas, and turmeric-paper receives from it a brown discoloration 
not unlike the effect of an alkali. 

Water takes up 480 times its bulk of muriatic acid gas, and has its 
specific gravity increased from 1 to 1.210. This may be shown by 
throwing up a few drops of water into a tall jar of the gas standing over 
mercury: the gas disappears, and the mercury fills the vessel. There is 
considerable elevation of temperature during this condensation of the gas. 

For saturating any quantity of water with gases which are easily 
soluble in that fluid, we generally employ Woulfes apparatus^ one form 
of which is shown in the annexed cut. a, is a tubulated retort, in which 



the materials producing the gas or vapour are contained; ft, a receiver, 
communicating by a bent tube with the three-necked bottle c, which is 
connected also by a tube with d. These bottles are about half filled with 
water, or any other fluid intended to be saturated with the gas; when 
that in c has become saturated, it passes into d, and afterwards through 
the tube e, which may be placed under the water, or mercury, in the 
pneumatic trough. In case absorption should take place in the vessels a 
or ft, the pressure of the external air might force the water from d into c, 
and from c into the balloon ft. This is prevented by the safety-tubes^^ 
which, dipping not more than half an inch under the surface of the water, 
allow a little air to enter, so as to compensate for the absorption. The 
different joints ihay be secured either by grinding, or by well-cut corks 
rendered tight by a mixture of drying-oil and pipe-clay. 

T\^en gaseous muriatic acid is thus dissolved in water, it forms the 
lupiid muriatic acid, or spirit of salt^ which was discovered by Glauber 
about the middle of the seventeenth century. It is commonly procured^; 
by distilling a mixture of dilute sulphuric acid and common salt. 
most economical proportions are 32 parts of salt, and 22 of sulplimnc 
acid, diluted with one-third its weight of water. The retort containing 



MURIATIC ACID. 

ibese ingredients Jaay be luted on to a receiver, containing twice the 
qiiwtity of water used in diluting the sulphuric acid, and the distillation 
carried on in a sand-bath. These are the jproportions directed in the 
London Phannacopceia. The specific gravity of the product is stated to 
be 1.160, and' 100 grains of it should be saturated by 124 grains of 
crystallized carbonate of soda. According to Phillips, a fluid ounce of 
the Pharmacopoeia acid weighs 527 grains, and contains 32.32 per cent, 
of real add. The quantity of real acid in muriatic acid of different 
dendties, is best- ascertained by the quantity of pure carbonate of lime 
(Carrara marble, for instance), which a given weight of the acid dissolves. 
Every 50 grains of the carbonate are equivalent to 37 of real acid. 

In preparing this acid upon the large scale an apparatus of earthen- 
ware is used, similar to that described under the article Nitric Acid^ and 
to ensure the complete decomposition of the salt, rather more sulphuric 
acid than that just mentioned must be employed. On this account, the 
Edinburgh College recommend equal weights of salt, acid, and water ; and 
Dr. Turner says, the process is practically good. The acid, to prevent too 
violent effervescence, is at first mixed with one-third of the water ; and 
when the mixture has cooled, it is poured upon the salt previously intro- 
duced into a glass retort ; the distillation is continued to dryness, and the 
gas, as it escapes, is conducted into the remainder of the water. The 
specific gravity of the acid obtained by this process is 1 . 170 . 

When this liquid acid is pure, it is perfectly colourless, but it generally 
has a yellow hue arising from particles of cork or lute that have acciden- 
tally fallen into it, or sometimes from a little iron*. The acid of com- 
merce almost always contains iron and sulphuric acid, and sometimes 
nitric acid. The iron may be detected by the black tint produced by 
tincture of galls, in the acid previously saturated by carbonate of soda. If 
a dilute solution of chloride pf barium, dropped into the acid, occasion a 
white cloud or precipitate, it announces sulphuric acid. The presence of 
mtnc acid (and of bromine ?) is shown by boiling some gold-leaf in the 
susj^ted muriatic acid, and then dropping into it a solution of protomuriate 
of tin, which, if nitric acid were present, produces a purplish tint, showing 
the gold to have been acted upon, which it is not by pure muriatic acid. 
Common salt, and most other saline substances, may be detected by 
evaporating the acid to dryness : when pure, it leaves no rei=> 4 due. 

The highly-concentrated liquid acid emits copious fumes when exposed 
to air; it boils at a temperature of about ll2°t, and gives off the gaseous 


* Dr. Thomson suggests that the pale 
yellow tint occasionally observed in mu- 
riatic acid apparently pure,r may possibly 
arise from a trace of bromine, derived 
from the salt. . 

f The variation of the boiling-point 
with the density of muriatic add is shown 
in the following, table ly Dalton, fropi 
which it appears that it is highest when 
it contains between 19 and 20 per cent 
of the gas : the strong acid becoming 
w^^r, and the weak acid stronger by 


Sp. Gr. 



Boiling- 

1.166 



170 

1.154 



. . 190 

1.144 



. . 212 

1.136 . 


• V 

. . 217 

1.127 . 


• 

. . 222 

1.121 . 



. . 228 

1.094 . 



. . 232 

1.076 



. . 228 

1.064 . 



. . 225 

1.047 . 



. . 222 

1.035 . 



. . 219 

1.018 . 



. . 216 

1.009 



. . 214 
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acid : it freezes at - 60°. /When mixed with water, it occasions a slight 
elevation of temperature. is decomposed by many sutTstances containing 
loosely-combined oxygen, such as chloric, iodic, and bromic acids, and 
severe of the metallic peroxides. Its decomposition by peroxide of man- 
ganese, for the production of gaseous chlorine, has already been referred to: 
ill this case, oxygen is imparted by the oxide to the hydrogen of the acid, 
so as to form water, and the chlorine previously in combination with the 
hydrogen is liberated; at the same time a muriate of the protoxide of man- 
ganese is formed. The decomposition of muriatic by nitric acid will be 
afterwards explained. When metallic zinc is put into strong liquid muriatic 
acid it is rapidly decomposed, and the hydrogen copiously evolved may be 
burned as it escapes : some peroxide of lead added to another portion of 
the acid immediately disengages chlorine, which may be shown by its 
bleaching power upon a piece of paper dipped in in^go blue : this ex- 
periment well illustrates the separation of the two elements of the acid. 
In thb voltaic circuit its chlorine is evolved at the positive pole and its 
hydrogen at the negative, so that when thus electrized, and tinged with 
indigo, a bleaching effect is produced at the positive pole (p. 280). 

Uncombined muriatic cocid exists in small quantity in the human gastric 
juice ; it is nOt found in nature except as an occasional volcanic product. 
The principal uses of this acid are as a medicine, and in some of the 
arts, where it is chiefly employed as a solvent of metals. It has been 
used in the g iscous state as a disinfectant, but is more annoying, and far 
less efficient than chlorine. 

The following Table shows the quantity of real acid contained in 100 
parts of liquid acid of different specific gravities. (Davy's Elements, 
p. 253.) 


(Temperature 45^ Falir. Barometer, 30.) 


Specilic 

Or<i\ity 

100 Grains contain ol 
Miiiiatic Acid Ga«i 

specific 

Giaiity. 

100 Giaius contain of 
Muiiatic Acid Gas 

].21 

42.43 

1.10 

20.20 

1.20 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

38.38 

1.07 

14.14 

1.17 

34.34 

1.08 

12.12 

1.10 

32.32 

1.05 

10.10 

1.15 

30.30 

1.04 

8.08 

1.14 

28.28 

1.03 

8.08 

1.13 

28.28 

1.02 

4.04 

1.12 

24.24 

101 

2.02 

1,11 

22.30 




For the following Table, exhibiting the composition of liquid muriatic 
acid at different densities, we are indebted to Dr. Ure ; the data upon 
which it is formed, and several important facts connected with this in- 
quiry, will be found in his paper published in the CLuarterly Journal of 
Science, vol. xii. p. 286. The Table is corrected from the last edition of 
his Dictionary. 
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1.2000 
1.1982 
1.1964 
1.1946 
1.1928 
1.1910 
1.1893 
1.1875 
1.1867 
1.1846 
1.1822 
1.1802 
1.1782 
1.1762 
1.1741 
1.1721 
1.1701 
1.1681 
1.1661 
1.1641 
1.1620 
1.1699 I 
1.1678 
1.1657 
1.1536 
1.1515 
1.1494 
1.1473 
1.1452 
1.1431 
1.1410 
1.1389 
1.1369 
1.1349 
1.1328 
1.1308 
1.1287 
1.1267 
1.1247 
1.1226 
1.1206 
1.1185 
1.1164 
1.1143 
1.1123 
1.1102 
1.1082 
1.1061 
1.1041 
1.1020 


39.675 

39.278 

38.882 

38.485 

38.089 

37.692 

37.296 

36.900 

36.503 

36.107 

36.707 

35.310 

34.913 

34.517 

34.121 

33.724 

33.328 

32.931 

32.535 

32.136 

31.746 

31.343 

30.946 

30.550 

30.153 

29.757 

29.361 

28.964 

28.567 

28.171 

27.772 

27.376 

26.979 

26.583 

26.186 

25.789 

25.392 

24.996 

24.599 

24.202 

23.805 

23.408 

23.012 

22.615 

22.218 

21.822 

21.425 

21.028 

20.632 

20.235 


40.777 

40.369 

. 39.961 

39.554 

39.146 

38.738 

38.330 

37.923 

37 . 5I6 

37.108 

36.700 

36.292 

35.884 

35.476 

35.068 

34.660 

34.252 

33.845 

33.437 

33.029 

32.621 

32.213 

31.805 

31.398 

30.990 

30.582 

30.174 

29.767 

29.359 

28.951 

28.544 

28.136 

27.728 

27.321 

26.913 

26.505 

26.098 

25.690 

25.282 

24.874 

24.466 

24.058 

23.650 

23.242 

22.834 

22.426 

22.019 

21.011 

21.203 

20.796 


1000 

0980 

0960 

0939 

0919 

0899 

0879 

0859 

0838 

0818 

0798 

077a 

. 075a 

. 073 fl 

. 071a 

. 069 ] 

.0671 

.0651 

.0631 

.0611 

.0591 

.0571 

.0551 

.0531 

.0511 

.0491 

. 047 ' 

. 045 ' 

. 043 ' 

. 041 ' 

1.039 

i .037 

1.035 

1.033 

1.031 

1.029 


1.0279 

1.0259 

1.0239 

1.0220 

1.0200 

1.0180 

1.0160 

1.0140 

L0120 

1.0100 

1.0080 

1.0060 

1.0040 

1.0020 




20.388 

19.980 

19.572 

19.165 

I8 . 757 . 

18.341 

17.941 

17.534 

17.126 

I6.7I8 

16.310 

15.902 

15.494 


11.903 

11.506 

11.109 

10.712 

10.316 

9.919 

9.522 

9.126 

8.729 

8.332 

7.935 

7.538 

7.141 

6.745 

5.348 

5.951 

5.554 

5.158 

4.762 

4.365 

3.968 

3.571 . 

3.174 

2.778 

2.381 

1.984 

1.588 

1.191 

0.795 

0.397 



11.825 

11.418 

11.010 

10.602 

10.194 

9.786 

9.379 

8.971 

8.563 

8.155 

7.747 

7.340 

6.932 

6.524 

6.116 

5.709 

5.301 

4.893 

4.486 

4.078 

3.670 

3.262 

2.854 

2.447 

2.039 

1.631 

1.224 

0.816 

0.408 








HYDRIODIC ACID. 


The following Atomic Table of Liquid Muriatic Acid is taken from 
Dr. Thomson’s Principles of Chemistry, 


Atoms of 

Atoms of 

Real Acid in 100 

Specific 

Acid. 

Water. 

of the Liquid. 

Gravity. 


IS 

. • 40.659 ... 

1.203 


7 

37.000 

1.179 


8 

33.945 

1.162 


9 

31.346 

1.149 


10 

29.134 

1.139 


11 

27.206 

1.1285 


12 

25.517 

1.1197 


13 

24.026 

1.1127 


14 

22.700 

1.1060 


15 

21.512 

1.1008 


16 

20.442 

1.0960 


17 

19.474 

i:0902 


18 

18.590 

1.0860 


19 

17.790 

1.0820 


20 

17.051 

1.0780 


Hydrogen and Iodine; Hydriodig Acid. (Jl + i) or hi'. — This 
compound of hydrogen and iodine was first examined by Davy and Gay 
Lussac. {Phil. Trans.^ 1814. Ann. de Chim.^ xci.) It may be formed 
by passing a mixture of hydrogen and the vapour of iodine through a 
red-hot tube; or more readily, by acting upon moist iodine by phos- 
phorus. In thus procuring it, it is convenient to use a small retort or 
bent tube, into the bulb of which is introduced the moist iodine, and a 
small stick of phosphorus, about a tenth part of the weight of the iodine, 
placed in the neck above it, which can be shaken down upon the iodine 
when the beak of the tube or retort is placed under the inverted jar ; a 
quantity of the gas is instantly and violently generated, and a further 
portion is obtained on applying the flame of a spirit-lamp. In this 
experiment the mutual decomposition of the water and of the iodide 
of phosphorus ensues, and phosphorous and hydriodic acid are the 
results. Upon the same principle it may be obtained by previously 
preparing a periodide of phosphorus, and gently heating it with a little 
water. 

According to M. F. D’Arcct, hydriodic acid gas may be obtained 
very pure by the following process: — Hydrophosphorous acid is to be 
evaporated until upon the point of evolving phosphuretted hydrogen gas. 
It is then to be put, with its weight of iodine, into a small tube retort; 
the gas is liberated, upon applying a gentle heat: 100 grains of the acid, 
and 100 of iodine, afforded 120 cubical inches. The residue of the 
operation is a mixture of phosphoric acid, and of the compound of 
hydriodic acid and phosphuretted hydrogen. — Ann. de Chim. et Phys.^ 
xxxvii., 220. 

Whlckever process is followed, if the gas he received over mercury it 
should be transposed as fiist as possible into an exhausted vessel, as it is 
otherwise soon decomposed. It may often be conveniently collected in 
dry phials, without a mercurial trough, by its density, as in the methods 
described in the note to p. 334. 

Hydriodic acid is colourless, very sour, exhales fumes in the air, and 
smells like muriatic acid. It strongly reddens vegetable blues. Its specific 
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wita wf is as 4.38 to 1. 100 cubic inches weighing 
l33«4 ItiWkS*, dompatl^d with hydrogen its specific gravity is as 63 to 1. 
It is not pennanent at a red heat, for when passed through a red-hot 
porcelain tube it is partially resolved into iodine and hydrogen. 

Hydriodic gas is rapidly and abundantly absorbed by water, but in 
what exact proportion has not been determbed. The solution, exposed 
to a temperature below 260®, becomes concentrated by loss of water ; at 
about it boils, and may be distilled. The specific gravity of the 
strongest liquid acid is 1.7. It becomes dark-coloured when kept in 
content with air, in consequence of a partial decomposition, and it readily 
dissolves iodine, becoming of a deep brown colour. It is decomposed by 
nitric and sulphuric acids. 

• The liquid hydriodic acid is best prepared by passing sulphuretted 
hydrogen through a mixture of iodine and water*; sulphur is deposited, 
and on heating and filtering the liquor, a pure solution of hydriodic acid 
is obtained, which may be concentrated by evaporation. It may also be 
obtained by heating iodine, phosphorus, and water: or bypassing sulphu- 
retted hydrogen tbough a solutUh of 1 part of iodine in 16 of alcohol, 
filtering, diluting with 32 of water, and subsequent distillation to drive 
off the alcohol and excess of sulphuretted hydrogen. When hydriodic acid 
gas is mixed with oxygen, and passed through a red-hot tube, it is re- 
solved into iodine and water. It is instantly decomposed by chlorine, 
which produces muriatic acid, sometimes with explosion, and the blue 
vapour of iodine is rendered evident, but presently disappears in conse- 
quence of the formation of chloride of i^ine. This decomposition is 
l^autifully shown by suffering hydriodic acid gas to pass into a jar of 
atmospheric air, mixed with about a twelfth its bulk of chlorine ; the 
violet fumes are then more permanent. A little strong nitric acid dropped 
into hydjiodic acid gas eneigetically decomposes it, with the evolution of 
so much heat that the gas is occasionally ii^med. (Turner.) 

. The experiments of Gay Lussac have proved the composition of by- 
driodic acid gas to be analogous to that of the muriatic : namely, that it 
consists of one volume of the vapour of iodine, and one of hydrogen ; these 
produce two volumes of the acid. By the action for instance of mercury 
and some other metals, hydriodic acid gas is decomposed, the iodine being 
absorbed by the metal, and evolving from 2 volumes of the gas, 1 of 
hydrogen: so that tho an- 
nexed diagram represents its 
composition. Tlmt such is 
the composition of this acid is 
also shown by its weight, for. 


1 

liS 


126 

Hydrogen. 

Iodine. 


Hydriodic Acid. 


On 


60 cubic inches of hydrogen weigh . . . 1.06 

50 „ „ iodine vapour . . . 132.37 


100 ,, ,, 
Or, it consists of 

Hydrogen 1 
Iodine 1 


hydriodic gas 

• • 

133.43 



Volumes 

8p. Or. 

1 . 

0.8 

1 . 

0.069 

. 126 . 

99.2 

1 . 

^ 8.700 

126 

100 

2 

" 4.384 


1 
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Hydriodicacid dissolves iodine; so likewise do the solutions of iodide 
of potassium and of zinc; taking up a quantity of iodine equid to that which 
they already contain : these compounds have been termed ioduretted iodides 
or hydriodates^ and are by some considered as containing a peculiar acid 
which may be termed hydriodous acid, composed of 1 atom of hydrogen 
tpl +2 of iodine£=125 x 2=250, or per cent, of 4 hydrogen, 96.6 iodine. 

The hydriodic acid is not found uncombined in nature ; some of its 
combinations have already been mentioned^ Imdef the head of iodine. 
p. 340. Its presence may be detected by mixing a cold solution of starch 
with the liquid suspected to contain it, and then adding a few dr£>ps ofi 
sulphuric acid : this liberates iodine, and produces a blue tint. Chlorine* 
also decomposes the iodic compounds, (p. 280.) 

Hydrogen and Bromine. Hydbobromic Acid. (A +6) or Kb^. 
Bromine and hydrogen iHHxot act upon each other, even under the influ- 
ence of the sun’s rays, ^ common temperatures ; but when bromine, 
phosphorus, and water, m brought into contact, a decomposition ensues 
analogous to that described under article hydriodic acid; and 
hydrgbromic gas is generated, which mSy be collected over mercury, or 
in dry phials. Hydrobromic gas may also be obtained by acting upon 
a mixture of bromine vapour and hydrogen by a coil of red-hot platinum 
wire : and ft is evolved when bromide of potassium is decomposed by 
sulphuric acid. 

This gas- is colourless, sour, of a pungent and highly irritating odour, 
and yields dense vapours when mixed with humid air. It undergoes no 
change when passed through a red-hot tube, either alone or mixed with 
oxygen or iodine ; but chlorine decomposes it, producing vapour and 
drops of bromine, which, being absorbed by mercury, leaves muriatic 
acid. We learn, therefore, from^hese facts, that the attraction of bromine 
for hydrogen exceeds that of iodine, but is inferior to that of chlorine. 
The attraction of oxygen, and of bromine for hydrogen, is probably nearly 
equal ; for bromine does not decompose water, nor does oxygen decompose 
hydrobromic acid. Hydrobromic gas is not altered by mercury, but tin 
and potassium entirely decompose it; the former requires the aid of heat; 
but potassium acts at common temperatures, diminishing the gas to half 
its bulk, and becoming converted into a bromide of potassium. Hence it 
appears that the constitution 

^f hydrobromic acid is analo- 75 76 

gous to hydrochloric and hy- 

dliodic acids, and that it Hydrogen. Bromine. Hydrobromic Acid. 

consists of equal volumes of ^ ^ 

hydrogen and bromine vapour. The weight therefore of 100 cubic mohes 
of hydrolrromic acid will be as follows : — 

^ Ore. 


50 cubic inches of hydreg^ weigh 
60 „ „ bromine vapour 

100 „ „ hydrobromic gas 

Or, it consists of 

Hydrogen 1 . . 1 4 • 

Bromine 1 . . 78 • • 98.745 


. . 1.06 

. . 84.00 

. . 85.06 

Volumes Sp. Or. 

1 . . 0.060 

1 . . 5.400. 

iwiJ 


1 


79 . loojm 
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vHjdfobiDiiiic acid gas is rapidly absorbed by crater ; heat is erolyedy 
and a fiimiag liquid add obtained, which is colourless when pure, but 
whidlL readily dissolres bromine, and acquires a yellow colour. This acid 
may also be obtained by the action of sulphuretted hydrogen on bromine 
and water. 

The liquid hydrobromic acid is instantly decomposed and discoloured 
by chlorine. Nitric acid also decomposes it, producing the evolution of 
bromine, and the formation of water and nitrous acid* This mixture dis- 
solves gold. 

Hydrobromic acid is not readily decomposed by sulphuric acid ; but 
on decomposing bromide of potassium by sulphuric acid, a little sulphurous 
acid is generally formed. 

Hydrogen and Fluorine — Hydrofluoric Acid. (Jl-\-f') or hf\ 
This acid was made known by Schcele : the process for procuring it 
pure was first suggested by Mr. Knight {PhiL Mag.^ xvii., 3670 Its pro- 
perties were examined by Gay Lussac andThenard in 1310. {Recherches 
Physico-chimiques») When finely powdered fluoride of calcium^ or fluor 
spar as it is usually called, (carefully selected for its purity,) is distilled with 
twice its weight of sulphuric acid, a highly volatile and corrosive liquid, 
which is hydrofluoric acid^ is obtained ; it acts powerfully on glass and 
most of the me^s: the retort employed in the experiment may be of lead, 
with a tube and receiver of pure silver ; the receiver must be immersed in 
a mixture of ice and salt. The product is best preserved in a silver bottle, 
with a well-fitted stopper of the same material. When pure, it clear 
and colourless, is very volatile, and smokes when exposed to air : at 
temperatures above 60° it flies off in vapour. Its specific gravity is 1 .0609 ; 
but by the gradual addition of a certain proportion of water it acquires 
a considerable increase of density, the mixture having a specific gravity 
of 1.25. Its attraction for water exceeds that of sulphuric acid; and 
wfen dropped into water it excites a hissing noise, and great heat is 
evolved. Its vapour is dangerously pungent and irritating, and the 
liquid acid eminently active upon organic substances ; a minute drop of 
it upon the skin produces a painful sore, and in larger quantities danger- 
ous and malignant ulceration : hence the vessels containing it require to 
be handled with great caution. Its most characteristic property is the 
energy vrith which it acts upon glass ; its vapours soon destroy the polish 
and transparency of all neighbouring glass vessels, and when dropped 
upon glass, great heat and effervescence are produced, and dense fumes 
evolved consisting of fluosilicic acid. Diluted with about six parts of 
water, the acid may be used for etching upon glass^ which it very effec- 
tually accomplishes in a few minutes. 

^e nature of this powerful and peculiar acid is as yet imperfectly 
understood, its basis, fluorine^ not having been obtained in an insulated 
form. All analogy, however, leads Us to regard it as a compound of 
fluorine and hydrogen. In the voltaic circuit hydrogen is evolved from it 
at the negative pole, and the positive platinum wire corroded and con- 
verted into a brown compound, probably of fluorine and platinum. Many 
of the metals also decompose it with the evolution of hydrogen ; and pe- 
culiar oompounds result, consisting of the metal in combination 

with fiuoriite. The action of potassium upon this acid is very energetic ; 
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it is attended bj explosion, by thd liberation of hydrogen, and by the for- 
mation of a peculiar soluble saline compound, which is considered as a 
Jluoride of potassium. 

*The hydrofluoric acid is probably a compound analogous to the 
other hydracids; that is, constituted of one atom of hydrogen and 
one of fluorine. This view of its nature, as opposed to its containing 
oxygen, was first suggested by Ampere and Davy (JPhiL Trans.^ 1813, 
pa 263), and is adopted, if I understand him rightly, by Berzelius. 
(JLehrhuch, i. 622.) “ If this acid" he says, “ be a hydracid, as we assume 
it to be, it will consist of 94.95 fluorine, and 5.05 hydrogen; if on the other 
hand, it be a hydrated oxyacid, it consists of 54.34 acid and 45.66 water.” 
Upon the whole, the analogies in favour of the former opinion are too 
strong to be rejected^ we shall therefore consider this acid as composed of 

Hydrogen 1 .... 1 . .... 6.26 

Fluorine 1 . . ! . 18 • • • • 04.74 

1 19 100.00 

' § 7 . NITROGEN. 

Nitrogen or Azote was first recognised as a distinct aeriform fluid by Dr. 
Rutherford in 1 772. (Thesis, De Acre Mephilico.) Dr. Priestley called it 
phlogisticated air^ (p. 68.) It is a permanently elastic gas at all known 
temperatures and pressures. It may be obtained by burning phosphorus 
in a confined portion of atmospheric air. For this purpose a tall glass jar 
should be selected, open at bottom and stopped at the top ; a sraali Wedg- 
wood basin containing a sufiiciency of inflamed phosphorus is then set 
afloat in the water-trough, and the jar, without its stopper, immediately 
inverted over it. A quantity of air is at first expelled by the heat ; the 
stopper is then replaced, and the combustion goes on for some time ; 
when it has ceased, and the apparatus has cooled, the basin is easily re- 
moved by agitating the jar, so as to sink it through the water ; the resi- 
duary gas is then thoroughly washed, and is nitrogen nearly pure. 

Another mode of obtaining nitrogen, which furnishes it in a state of 
considerable purity, consists in passing chlorine into a strong aqueous so- 
lution of ammonia. This may be done by nearly filling a Wolfe's bottle 
with two necks with the solution, and passing gaseous chlorine into it 
'from a retort containing muriatic acid and oxide of manganese ; a bent 
tube issuing from the other neck passes under the shelf of the pneumatic 
apparatus, and through it the nitrogen escapes, and may be collected ; 
but care should be taken to leave excess of ammonia in the bottle: In 
this experiment ammonia, consisting of hydrogen and nitrogen (see Am- 
monia) is decomposed by the chlorine, which unites with its hydrogen to 
form muriatic acid, and gaseous nitrogen is evolved : a solution of muriate 
of ammonia is at the same time obtained, and if excess of chlorine be 
used, chloride of nitrogen, which is a very dangerously explosive com- 
pound (see Nitrogen and Chlorine) may be formed. If the ammoniaieal 
solution be very concentrated, the bubbles of chlorine often produce flaahes 
of light and slight explosions : these are quite harmless, and may be pre- 
vented by dilution of the ammonia. The following is the disposition of 

ana 
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tW I£{^jpjmtfi8 : a is the retort and tubulated receiver containing the ma- 
lexiids for the evolution of chlorinej b the two-necked bottle about three- 
fourths filled With strong liquid ammonia ; c a bent tube, carrpng the 
evolved nitrogen into the water-trough, where it is collected in the 
inverted jar d. ^ 



According to Berzelius, the purest nitrogen is obtained by filling 
a bottle about one-third full of a liquid amalgam of lead and mercury, 
carefully stopping it, and agitating it with the included air for two hours 
or more ; the highly-divided lead absorbs the oxygen, and leaves pure 
nitrogen. On opening the bottle und^ water, the liquid rushes in, and 
demonstrates the degree of absorption.' * 

If equal weights of iron-filings and sulphur be made into a paste with 
wate^, and exposed to a confined portion of atmospheric air, it will, in 
the course of forty-eight hours, absorb the oxygen, and leave the nitrogen 
nearly pure. 

There are many other processes by which nitrogen may be obtained, 
some of which will be further noticed under the article Atmospheric 
Air. It is also frequently evolved durihg the decomposition of animal 
matter. If lean muscular flesh, for instance, be heated in nitric acid 
diluted with ten or twelve parts of water, this gas is given oflF, though not 
pure : these cases of its evolution will be more particularly explained 
afterwards. 

Nitrogen is a colourless gas, with neither smell nor taste, having no 
action upon vegetable .colours or upon lime-water ; neither is it absorbed 
by water, except that fluid has been deprived of its ordinary portion of air 
by long boiling, when it takes up about one and a half per cent. Its 
refractive power in regard to light is to that of atmospheric air as 1.0340 
to. 1.0000. It is rather lighter than atmospheric air, compared with 
which its specific gravity is 0.976 : 100 cubic inches weigh at mean tem- 
perature and pressure 30.16 grains. Its specific gravity in reference to 
hydrogen is as 14 to I. 

An animal immersed in nitrogen is instantly suffocated, whence it' was 
called by Lavoisier azote (from privative^ and life) ; but if that term 
be taken in its strict sense, all gaseous bodies (excepting atmospheric air) 
might be included' under it ; for even oxygen itself will not indefinitely 
jBupport life ; moreover^ nitrogen, as it exists in the atmosphere, mixed 
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’wiUi oxygen^ sppean to Ibe &bBoltttely essential to animal life ; for no 
other gas can be substituted for it. Its influence in respiration^ as a 
component of atmospheric air, will be considered afterwards. It is con- 
tained in almost every form of animal matter. If we consider the term 
nitrogen as merely implying that it is a component of nitric acid, it is 
explicit and unobjectionable ; we, therefore, adopt it in preference to that 
oi^azote. 

Nitrogen is, in the strictest sense of the word, a non-supporter of 
combustion ; for ^11 burning bodies are immediately and perfectly extin- 
guished by it : this is the case with the flame of a taper, with phosphorus 
in intense combustion, and even with potassium, which, however highly 
heated, shows no inclination to bum in pure nitrogen. 

The electro-chemical relations of nitrogen are still obscure, and 
whether it is or is not an ion has not been determined. How far it de- 
serves to be called an injlammable substance^ is not obvious : its attraction 
for oxygen is not pdwerful, and the two bodies when mixed in their 
gaseous state show no tendency to combine ; they do, however, unite in 
several proportions ; but their compounds are formed at low temperatures ; 
or the nitrogen and oxygen are presented to each other in their nascent 
states^ that is, before one or both of them have acquired the independent 
gaseous fonn. The same remark applies to all compounds of this gas. 

Under certain circumstances, however, nitrogen may be made to un- 
dergo a kind of combustion, as when electric sparks are passed through 
atmospheric air, or through a mix^re of one volume of nitrogen with 
two or three of oxygen ; in this C^ise each spark will be attended by the 
production of a trace of nitric acid, and after some hundred sparks, the 
blue of litmus will be changed to red. (p. 297.) Here combustion appears to 
take place in that portion of the gas immediately subject to the action of the 
sparks ; but the temperature of the surrounding gas is not thus sufficiently 
elevated to enable the combustion to spread beyond the immediate sparks. 
Berzelius has well compared this action to that which ensues when sparks 
are passed ,jfc^rough a mixture of hydrogen and a large relative quantity 
of atmospheric air or of oxygen ; in that case no general combustion of 
the mixture is effected ; but water is slowly formed by the action of each 
successive spark upon the portion of the gaseous mixture immediately 
subjected to its heating influence. 

If a mixture of nitrogen with tw’elve or fourteen volumes of hydrogen 
be set fire to as it issues from a small tube, and burned either in common 
air or in an atmosphere of oxygen, as in the apparatus represented in 
fig. 201 , water and nitric acid will be formed ; so that in this case the nitro- 
gen may be said to Undergo combustion by the aid of the elevated tem- 
perature of the flame of hydrogen ; but it must be recollected that in 
these cases nitric acid could not be produced without the presence of 
water, and that it may tend to dispose an union which would not other- 
wise take place. The formation of a trace of nitric acid when hydrogen 
is burned in common air is referable to the same cause. 

Much discussion has arisen respecting the nature of nitrogen ; and 
the question has been agitated, whether it is or is not a simple body ; but 
idthough many ingenious surmises have been published on the subject, 
and many analogies suggested in favour of its compound miture, no ex- 
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iifeHm^ial pTdofil have been hitherto adduced: Sir H. Davy {Elements 
Ghem. Philos.^ 474) and Berzelius have each discussed this question, chiefly 
in reference to the phenomena of the supposed metallisation rf ammonia^ 
(see Mebcuiiy); and the latter has proposed the name nitricum for the 
imaginary base of nitrogen, assuming that gas to be a suboxide. (Lehrhjich^ 
i. 208.) He has also adverted to the apparent formation of nitrogen by 
graminivorous animals, but this question will more properly be considered 
when upon animal products. 

Nitrogen and Oxygen — ^These bodies unite mjtve proportions^ and 


form the compounds called, 


1. Nitrous oxide 

- («+o) 

2. Nitric oxide - - - 

- («+!!0) 

3. Hyponiirous acid - 

- («+30) 

4. Nitrous acid - - - 

- («+«>) 

6. Nitric acid - - - 

- («+50) 

Protoxide of Nitrogen^ or Nitrous Oxide (Jl+O) was discovered by 


Dr. Priestley, in the year 1770 ; he called it dephlogisticated nitrous air: 
it has also been called gaseous oxide of azote. It may be formed by ex- 
posing nitric oxide (7i + 20) to the action of iron-filings, or of a mixture 
of sulphur and iron-filings, by which one equivalent of its oxygen is ab- 
sorbed, and the remaining elements left in such proportions as to consti- 
tute nitrous oxide. But the gas thus procured is not pure. It is most 
easily and abundantly obtained in a state of purity, by heating, in a glass 
retort over an Argancl lamp, the salt called nitrate of ammonia^ to a tem- 
perature of about 420°. The gas which passes off, provided the salt be 
pure, and the temperature not too high, may be collected over warm water, 
and is pure nitrous oxide. If the nitrate of ammonia contain a mixture 
of the muriate, the gas will be contaminated by chlorine ; and if too 
much heat be used in the decomposition of the pure salt (which may be 
known by white vapours appearing in the retort) it will contain nitric 
oxide. The salt should be kept in a state of gentle ebullition, so as to 
maintain a quick but not violent evolution of gas. 

The presence of chlorine in nitrous oxide is ascertained by its smell, 
and may be avoided by using pure nitrate of ammonia, the solution of 
which should not be rendered turbid on the addition of nitrate of silver. 
Nitric oxide is detected in it by the appearance of red fumes on mixing 
the gas with oxygen ; it may be abstracted by agitating it with a solution 
of protosulphate of iron^ which has no action upon nitrous oxide, but 
absorbs the nitric oxide, and acquires a deep olive colour. If nitrous oxide 
be mixed with oxygen or with common air^ it affords red fumes upon 
adding to it a few bubbles of nitric oxide, and it is not, as it ought to be, 
entirely absorbed when agitated with thrice its bulk of water. 

100 cubic inches of nitrous oxide weigh 47.220 grains ; its specific 
gravity, therefore, to hydrogen, is as 22 to 1 ; and to atmospheric air as 
1.634 to 1000. 

The taste of this gas is sweet, and its smell peculiar, but agreeable. 
It is absorbed when agitated with water, which takes up about its own 
bulk^ and evolves it unchanged when heated. It should, therefore, be 
collected and preserved in stopped bottles. 
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Nitrous oxi4o was gonerally considered not only as unrespirable, but as 
eminently noxious ; the attempts, howerer that h^ been made to breathe 
it, were with an impure gas : when obtained perfectly pure, Sir H. Davy 
found that it might be breathed when mixed with common air, without any 
injurious effects, and he afterwards ventured upon its respiration in a pure 
state, and discovered its singular effects upon the system, which in many 
respects resemble those of intoxication. {Researches Chemical and Phu 
losophtcaly chiefly concerning Nitrous Oxide, London, 1800.) The ex- 
periment of breathing this gas, however, cannot be made with impunity^ 
especially by those who are liable to a determination of blood to the head. 
The following accounts udll serve to give a general idea of its singular 
powers. They are quoted from Sir H. Davy's “ Researches," in which 
many important details concerning the effects of different gaseous bodies 
upon the system will be found. The first account is by Mr. Tobin, and 
the second by Dr. Roget. 

On the 29th of April 1 breathed four quarts from and into a silk 
bag. The pleasant feelings produced at first, urged me to continue the 
inspiration with great eagerness. .These feelings, however, went off 
towards the end of the experiment, and no other effects followed. The 
gas had probably been breathed too long, as it would not support flame. 

* I then proposed to Mr. Davy, to inhale the air by the mouth from one 
bag, and^o expire it from the nose into another. This method was pur- 
sued with less than three quarts, but the effects were so powerful as to 
oblige me to take in a little common air occasionally. I soon found my 
nervous system agitated by the highest sensations of pleasure, which are 
difficult of description ; my muscular powers were very much increased, 
and I went on breathing with great vehemence, not from a difficulty of 
inspiration, but from an eager avidity for more air. When the bags were 
exhausted and taken from me, I continued breathing with the same 
violence ; then suddenly starting from the chair, and vociferating with 
pleasure, I made towards those that w^ere present, as I wished they should 
participate in my feelings. I struck gently at Mr. Davy ; and a stranger 
entering the room at the moment, T made towards him, and gave him 
several blows, but more in the spirit of good humour than of anger. I 
then ran through different rooms in the house, and at last returned to the 
laboratory somewhat more composed ; my spirits continued much elevated 
for some hours after the experiment, and I felt no consequent depression 
either in the evening or the day following, but slept as soundly as 
usual." 

Dr. Roget states as follows: ‘‘The effect of the first inspirations of 
the nitrous oxide was that of making me vertiginous, and producing a 
tingling sensation in my hands and feet; as these feelings increased, I 
seemed to lose the sense of my own weight, and imagined I was sinking 
into the ground. I then felt a drowsiness gradually steal upon me, and 
a disinclination to motion: even the actions of inspiring and expiring 
were not performed without effort; and it also required some attention 
of mind to keep my nostrils closed vnth my fingers. I was gradually 
roused from this torpor by a kind of delirium, which came on so rapidly 
that the air-bag dropt ^m my hands. This sensation increased for 
about a minute after I had ceased to breathe, to a muph greater degree 
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tUau before, and I suddenly lost sight of all the objects around me, they 
being apparently obscured by clouds, in which were many luminous 
points, similar to what is often experienced on rising suddenly and 
stretching out the arms, after sitting long in one position. I felt 
myself totally incapable of speaking, and for some time lost all conscious- 
ness of where I was, or who was near me. My whole fiame felt as if 
violently agitated : 1 thought I panted violently; my heart seemed to 
palpitate, and every artery to throb with violence; I felt a singing in my 
ears; all the vital motions seemed to be irresistibly hurried on, as if their 
equilibrium had been destroyed, and everything was running headlong 
into confusion. My ideas succeeded one another with extreme rapidity, 
thoughts rushed like a torrent through my mind, as if their velocity had 
been suddenly accelerated by the bursting of a barrier which had before 
retained them in their natural and equable course. This state of extreme 
hurry, agitation, and tumult, was but transient. Every unnatural sensa- 
tion gradually subsided ; and in about a quarter of an hour after I had 
ceased to breathe the gas, I was nearly in the same state in which 1 had 
been at the commencement of the experiment. I cannot remember that 
I experienced the least pleasure from any of these sensations. 1 can, 
however, easily conceive, that by frequent repetition I might reconcile 
myself to them, and possibly even receive pleasure from the same sensa- 
tions which were then unpleasant. I am sensible that the account I 
have been able to give of my feelings is very imperfect. For, however 
calculated their violence and novelty were to leave a lasting impression 
on the memory, these circumstances were for that very reason unfavour- 
able to accuracy of comparison with sensations alre^y familiar. The 
nature of the sensations themselves, which bore greater resemblance to a 
half-delirious dream than to any distinct state of mind capable of being 
accurately remembered, contributes very much to increase the difficulty. 
And as it is above two months since I made the experiment, many of 
the minuter circumstances have probably escaped x^e." 

Nitrous oxide is not permanently elastic ; for by subjecting it to a 
pressure of about 50 atmospheres at the temperature of 45^, Mr. Faraday 
obtained it in the liquid form. It was thus procured by sealing up some 
nitrate of ammonia in a bent tube and heating it, while the other end 
was kept cool. Many explosions occurred with very strong tubes, and 
the experiment is always attended with risk. The tube, when cooled, is 
found to contain two fluids: the heavier is water, a little acid; the lighter, 
liquid nitrous oxide; it is limpid, colourless, and so volatfle, that the 
heat of the hand generally makes it disappear in vapour. The application 
of ice and salt condenses it again. It has not been congealed hf cold. 
Its refractive power is less th^ that of any known fluid. A tube being 
opened in the air, the nitrous oxide immediately burst into vapour. 
Another tube was opened under water, and the vapour collected and 
examined proved to be nitrous oxide. -;-(PAt7. Trans,^ 1823, p. 195.) 

Nitrous oxide supports combustion, and a taper introduced into it hiui 
its flame much augmented, and surrounded by a purplish halo." Phos- 
phorus and sulphur, when introduced in a state of vivid ignition into 
this gas, are capable of decomposing it, and bum with the same appearance 
nearly as in oxygen; but if, when put into the gas, they are merely 



NlTRODS 


37t 

burning dimly, they then do not decompose it, and are extinguisbed; so 
that they may be melted in tbe gas, or even touched mtb a red-hot \nre 
yrithout inflaming. Charcoal, and many of the metals, also decompose 
nitrous oxide at high temperatures. 

At a- red heat this gas is decomposed, and two volumes of it are 
resolved into two volumes of nitrogen and one volume of oxygen, so that 
it thus suffers an increase of bulk. For experiments of this Idnd the 
following simple apparatus may be used; it consists of two bladders, one 
of which is ^led with the gas, and the other empty, attached to the 
extremities of a coated 
porcelain or platinum 
tube, which traverses 
the body of a furnace. 

The bladders are sup- 
plied with stop-cocks, 
and the gas is squeezed from one to the other when the tube is red-hot. 

The analysis of this gas may also be effected by detonation with 
hydrogen. When a mixture of one volume of nitrous oxide and one 
volume of hydrogen is flred by the electric spark, water is produced, and 
one volume of nitrogen remains. Now, as one volume of hydrogen takes 
half a volume of oxygen to form water, nitrous oxide must consist of two 
volumes of nitrogen and one volume of oxygen; these three volumes being 
so condensed, in consequence of chemical union, as only to fill the space 
of two volumes. The specific gravity of nitrogen, compared with oxygen, 
is very nearly as 14 to 16; the compo- 
sition, therefore, of the nitrous oxide, 
may be represented as annexed. 

Hence, regarding this gas as a proi- 
oxide^ the equivalent number of nitro- 
gen will be 14 (or, according to Dr. 

Turner and Berzelius, IPhil, Trans.^ 1833, 14.15) and nitrous oxide will be 
constituted as follows: — 

Davy. Volumea. S. 6. 100 C.l. 

Nitrogen . . 1 . . 14 . . 63.6 . . 63.3 . . 1.0 . . 0.97 . . 30.16 

Oxygen . . 1 . . 8 . . 36.4 . . 36.7 . . 0.5 . . 0.55 . . 17.05 

1 22 100.0 100.0 1.0 1.52 47.21 

Dbutoxide op Nitrogen, Binoxide of Nitrogen, Nitric Oxide, or 
Nitrous Gas (71 + a 0\ was first procured by Mayo {History of Chemistry^ 
p. 36), but its properties were first accurately studied by Priestley. It 
is usually obtained by presenting certain substances to nitric acid^ which 
abstract a portion of its oxygen, leaving the remaining elements in such 
proportions as to constitute the gas in question; for this purpose some 
copper-filings or clippings may be put into a gas-bottle with nitric acid 
diluted with thrice its bulk of water; an action ensues, red fumes are 
produced, and there is a copious evolution of the gas, which may be 
collected ahd preserved over water. The first portions should be rejected, 
as containing nitrogen and nitrous acid gas. Nitric oxide is presently 
recognised by the red fumes which it produces when brought into the 
contact of air. , 
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Nitric oxide is a colourless, UDCondenrible gas: its gfed&c gravitj to 
hydrogen is as 15 to 1. 100 cubic inches weigh 32.137 grains; and» 
compared with air, its specific graritj is as 1.038 to 1000. Under 
common circumstances it is permanent over water; but if agitated with 
water previously deprived of air by long boiling, it is dissolved in the 
proportion of about 1 volume to 20. This solution, when long kept, is 
found to contain nitrate of ammonia, resulting from the joint decomposi- 
tion of the nitric oxide and the water. * 

It is instantly fatal to animals; but as it will always meet with a 
sufficiency of oxygen in the lungs, to convert a part of it into nitrous 
acid, its abstract effects cannot be determined. An account of an attempt 
to breathe it will be found in Sir H. Davy's Researches^ &c., p. 475. 
When it has been washed with water it is not acid, as may be proved by 
the colour of litmus remaining unchanged by it. It extinguishes the 
flame of a taper, and that of sulphur, but phosphorus readily burns in it, 
if introduced in intense ignition, although it also is extinguished unless 
it be in vivid combustion. In this case the phosphorus decomposes the 
gas, nitrogen is evolved, and phosphoric acid formed. Charcoal also 
decomposes it at a high temperature, the results being carbonic acid and 
nitrogen. 

It is not altered by a red heat, nor does it detonate when mixed with 
hydrogen, and subjected to the electric spark ; a succession of sparks, 
however, passed through such a mixture, slowly effects the decomposition 
of a portion of the gas : the same mixture is also decomposed by spongy 
platinum at common temperatures. When this mixture with hydrogen 
is kindled by a taper it bums with a green flame. Dr. Henry has shown 
that nitric oxide detonates with ammonia (JPhiL Trans.^ 1809,) in the 
proportion of 150 measures of the former to 100 of the latter. These 
gases also slowly act upon each other at common temperatures. Gay 
Lussac found that in about a month they were reduced to half their joint 
volume, and that nitrogen was evolved. Some substances which have a 
strong attraction for oxygen, effect a partial decomposition of the nitric 
oxide, and convert it, at common temperatures, into nitrous oxide ; such, 
for instance, as moist iron-filings, some of the alkaline sulphurets, some 
of the sulphites; and protomuriate of tin; in which cases two volumes 
of nitric oxide afford one of nitrous oxide. Nitric oxide may also be 
decomposed by the action of some of the metals at high temperatures, 
which absorb its oxygen. Sir H. Davy decomposed it by heated arsenic, 
and by the ignition of charcoal. (JBlements^ 260.) Gay Lussac decom- 

composed 100 measures of 
Nitrio Oxide. it by the action of heated 

potassium: 50 measures of 
30 pure nitrogen remained, and 

the loss of weight corre- 
sponded to 60 measures of oxygen; so that one volume of nitric oxide is 
thus resolved into equal volumes of oxygen and nitrogen. {M^moires 
JArcueiL) Nitric oxide, therefore is constituted of one Volume of 
nitrogen and one volume of oxygen, combined, as in the above diagram, 
without change of volume. These volumes represent. 


Nitrogen. 

Oxygen. 

8 

14 

8 
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* Bendlm, ^ 8^ Or. 100 C. I. 

Nitrogen 1 • • 14 • . 4(S.87 • • 46.764 . . 1 . . 0.97 . . 17.06 

Oxygen 2 ..16 .. 63.33 .. 63.246 .. 1 .. 1.11 .. 16.08 


1 30 100.00 100.000 2 1.04 32.13 


The most characteristic property of nitric oxide, by which it is imme- 
diately distinguished from all other gases, is, that of forming the red 
fum^ of nitrous acid yapour when mixed with oxygen: hence these 
gases are mutually used to detect each other's presence; and as the 
nitrous acid is wholly absorbed by water, oxygen may be completely 
remoyed from any gaseous mixture containing it in an uncombined state, 
by the addition of a sufficient quantity of nitric oxide; and, on the other 
hand, nitric oxide may be remoyed by the addition of oxygen. Dr. 
Priestley, who was the first to attempt accurate experiments upon this 
subject, conceiyed that the absorption was at all times uniform ; but 
subsequent exj^eriments haye shown that it is subject to yariation, more 
especially dependent upon the presence or absence of water. Although, 
therefore, nitric oxide may be conyeniently used to ascertain the presence 
of oxygen, it cannot be relied on as an indicator of its proportional 
quantity; and although Dalton {Ann, of PhiL^ x., 38,) and Gay Lussac 
{M^m. d'Arcueil^ ii., 2470 proposed methods by which they 

conceiye accuracy may be ensured, they are not such as to admit of 
general application. The best mode of using the nitric oxide to deter- 
mine the proportion of oxygen to that of nitrogen in the atmosphere, will 
be noticed under the head of Atmospheric Air (Eudiometers.) 

Solutions of the protomuriate and protosulphate of iron haye the 
property of absorbing nitric oxide gas : the colour of these solutions is 
deep oliye, and they speedily absorb oxygen when exposed to, or agitated 
with air, or other mixtures containing it. (See Eudiometers.) This 
property also enables us to ascertain the purity of nitric oxide, which 
ought to be wholly absorbed by the solution of iron: some nitrogen 
or nitrous oxide are thus genei^ly detected in it, and remain unab- 
sorbed. 

When nitric oxide is perfectly dry, chlorine exerts no action upon it, 
but the presence of water causes an immediate change; it is decomposed, 
and, furnishing oxygen to the nitric oxide, and hydrogen to the chlorine, 
nitrous acid and muriatic acid gases are generated. It was the presence 
of water which misled those, who thought that the red fumes produced 
by mixing nitric oxide and chlorine, not carefully dried, resulted from 
the existence* of oxygen in chlorine. 

Chloronitrous Gas, — ^According to E. Dayy {Phil. Mag.^ ix., 355,) 
when fused chloride of sodium is moistened with nitric acid, a pale 
reddish yellow gas is eyolyed, composed of equal yolumes of chlorine and 
nitric oxide, combined without condensation. 

Hyponitrous Acid, {ft + ^0) or — Gay Lussac concluded, from 
his experiments, that there exists a compound of nitrogen and oxygen 
intermediate between nitric oxide and nitrous acid, which he has 
termed pemiirous acid, but to which the term hyponitrous acid is more 
applicable. {Ann. de Chim. et Phys,^ i. 399.) He found by mixing 
nitric oxide and oxygen in tube's standing oyer mercury, and containing 
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a little concentrated’^blution of potassa, that 400 volumes of nitric oxide 
were condensed under such circumstances by 100 of oxygen. When, 
however, he attempted to decompose the hyponitrite of potassa thus 
obtained nitric oxide was evolved, and nitrous acid formed. The liquid 
hyponitrous acid, he says, may be obtained by the distillation of nitrate 
lead; it passes over in the form of a red vapour, condensible in a 
receiver surrounded by ice; it evolves nitric oxide when diluted with 
water; it boils at 80^. There is, however, reason to believe that the 
compound thus obtained is partly nitrous acid ; but considerable difficulty 
occurs in reconciling the opinions of Gay Lussac and Berzelius upon 
these acids, the latter chemist applying the term nitrous acid ^Salpetrichte 
Saure) to the pemitrous (hyponitrous) acid of the former. 

Dulong obtained hyponitrous acid mixed with nitrous acid, by .passing 
a mixture of 1 measure of oxygen with somewhat more than 4 of nitric 
oxide, first through a tube filled with fragments of porcelain to ensure 
perfect mixture, and afterwards through a bent tube, co^ed below 0° : 
the acid collected in the curvature was a dark-green fluid, more volatile 
than nitrous acid, and when distilled leaving a 
yellow fluid, which appeared to be nitrous acid. 
This acid, as well as the nitrous acid, appears to 
form a crystallizable compound with the hydrous 
sulphuric acid, which we shall describe after- 
wards. The component volumes of nitrogen and 
oxygen in the hyponitrous acid are, as in the 
annexed diagram, 1 and 1.5; or it consists of 

Volames. 

Nitrogen 1 . . 14 . . 36.8 . . 1.0 1 __ Nitric oxide 2.0 
u Oxygen 3 . . . 24 . . 63.2 . . 1.6 j Oxygen 0,6 

1 38 100.0 

The hyponitrous acid appears to form distinct salts by combining 
with the salifiable bases. When, for instance, nitrate of potassa or 
nitrate of baryta are heated, oxygen is evolved, and a soluble hyponitrite 
remains. When nitric oxide gas is kept for some weeks in contact with 
a strong solution of potassa, it is partly converted into nitrous oxide, and 
the solution yields regul^ crystals of hyponitrite of potassa : 100 
volumes of nitric oxide left 25 of nitrous oxide: the acid, therefore, 
which was absorbed, consisted of lOO volumes of nitrogen, and 150 of 
oxygen. According to Berzelius, several of the hyponitrites are best 
obtained by boiling metallic lead in a solution of nitrate of lead, by which 
9k hyponitrite of lead is formed: this salt may then be decomposed by 
sulphates, which form sulphate of lead, and the hyponitrous acid unites to 
the base of the original siUphate. 

When the acid liquid obtained by distilling nitrate of lead is added 
to sulphuric acid, it forms a peculiar crystallizable compound. Nitric 
oxide is not of itself absorbed by sulphuric acid. 

Nitrous Acid^ + ^0) or fl . — ^When two volumes of nitric oxide 
and one volume of oxygen are mixed in an exhausted glass vessel, the 
gases combine with the evolution of heat consequent upon their mutual 
condensation, and form nitrous acid vapour^ which is condensible into a 


Nitrogen. 

Oxygen. 

8 

8 

e 

8 
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liquid at 0^ (Dulong, de Ckim. el Phys., ii.) When, therefore, 
a mixture of the gases, in the ahore proportions, is propelled through a 
tube cooled to 0°, the liquid acid is at once obtained, cmd it then appears 
the same as that obtained .by the distillation of dry nitrate of lead. If 
the gases be mixed over water, hyponitrous acid and nitric acid are 
formed, and it is difficult in any way to obtain their total condensation 
CNTjtl’Sorption by the water in the above proportions. Nitrous acid 
vapour supports the combustion of phosphorus, and of charcoal, but 
extinguishes sulphur. It is readily absorbed by water. 

Nitrous acid vapour is constituted of one volume of nitrogen, and tW’'o 
volumes of .oxygen, condensed 
into one volume: (or, as above 
stated, and as will be apparent 
from the annexed diagram, of 
two volumes of nitric oxide and 
one volume of oxygen.) Its spe- 
cific gravity, therefore, to hydro- 
gen will be as 46 to 1 ; to air as 
3.19 to 1 ; and 100 cubic inches 


will weigh 98.8 grains. 

It is, therefore, obviously constituted of 


Diilong. 

Vols. Sp. Gr. 

Nitrogen 1 , 

, . 14 .. 30.4 .. 29.96 . 

. 1 .. 0.97 

Oxygen 4 , 

. . 32 . . 69.6 . . 70 04 . 

. 2 .. ^.22 

1 

46 100.0 100.00 

I 3.19 


The colour of nitrous acid varies with the temperature ; becoming 
darker when heated, and paler when cooled;, it has a very peculiar 
odour, which strongly adheres to the hair and to woollen clothing. 
Nitrous acid does not apparently unite with bases, but forms with them 
hyponitrites and nitrates^ hence it has been regarded as a compound of 
hyponitrous and nitric acids : when passed over baryta and other bases, at 
a temperature of between 300° and 400°, it is very rapidly absorbed with 
the evolution of heat, and the products are, according to Gay Lussac, as 
just stated. {Ann. de Chim. et Phys.^ i.) 

Nitric Acid, (71 + 60) or ?l'. — ^The composition of this acid was 
first demonstrated by Cavendish, in 1786, {Phil. Trans.) He produced 
it by passing a succession of electric sparks through a mixture of 7 
volumes of oxygen and 3 of nitrogen. This experiment has more 
lately been verified by Faraday (p. 297*) Nitric acid is also formed 
when nitric oxide is slowly added to an excess of oxygen gas, over 
water. In this way 4 volumes of nitric oxide condense 3 volumes 
of oxygen ; but nitric oxide and oxygen never combine in these propor- 
tions without the presence of water, or a base. 

Nitric acid is usually obtained by the distillation of purified 
nitre with sulphuric acid, of which materials different proportions 
are employed. The nitric acid of commerce, which is generally 
red and foming, in consequence of the presence of nitrous acid, 
is procured by the distillation of two parts of nitre with one of 
.sulphuric acid; these proportions afford about one part of orangef* 


Nitrogen. 

14 

Oxygen 
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8 

8 





382 


NITKIO ACID. 


coloured nitric acid of the specific gravity of 1.48. Upon the large scale 
112 lbs. of nitre, and 66 of sulphuric acid, yield from 50 to 52 lbs. of 
nitric acid. Some manufacturers employ three parts of nitre and two 
of sulphuric acid, and the London Pharmacopmia directs equal weights, 
by which a nearly colourless nitric acid is afforded, provided the distilla- 
tion be conducted at as low a temperature as possible. If the acid is 
not required in a concentrated state, the sulphuric acid may be previously 
diluted with its weight of water. 

It will appear,' by referring to the article Sulphuric Acid^ that it con- 
tains in its liquid state one proportional of dry acid and one of water; 
whereas liquid nitric acid contains one proportional of dry acid, and two 
of water: hence the requisite excess of sulphuric acid, where colourless 
and perfect nitric acid is to be obtained; hence, too, the red colour of the 
acid of commerce, in consequence of the smaller quantity of sulphuric 
acid generally used by the manufacturer, the deficiency of water occa- 
sioning the nitric acid to be resolved into nitrous acid and oxygen. 
This will be more apparent by reference to the article Bisulphate of 
Potassa, 

The distillation of nitric acid may be conducted upon the small scale 
in a tubulated glass retort a, with a tubulated receiver 5, passing into the 



bottle r. The requisite heat is obtained by the lamp d, and the whole 
apparatus supported by the brass stands with sliding rings ee. 

But the manufacturer who prepares nitric acid upon a large scale, 
generally employs distillatory vessels of stone-ware. The following wood- 
cut (fig. 211} represents the arrangement of the distillatory apparatus 
employed at Apothecaries' Hall for the production of coihmon aquefortis: 
it consists of an iron pot, set in brick-work, over a fire-jplace; an earthen 
head is luted upon it, communicating with two or more receivers of the 
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same material, furnished with earthenware stop-cocks, the last of which 
has a tube of safety dipping into a basin of water. 



The nitric acid of commerce, as obtained by the above processes, is 
always impure, and muriatic and sulphuric acids may usually be detected 
in it, derived from common salt contained in the nitre, and from the 
spirting up of the contents of the retort. The former may be separated 
by nitrate of silver^ and the latter by a dilute solution of nitrate of baryta. 
To obtain pure nitric acid^ therefore, add to that of commerce a solution 
of nitrate of silver as long as it produces any white precipitate; and when 
this has subsided, pour off the clear liquor, and add, in thfi same way, the 
nitrate of baryta; then distil the acid, and it will pass over perfectly pure. 
For pharmaceutical purposes, the ordinary acid is generally sufficiently 
pure. If, however, pure nitre and pure sulphuric acid be employed in its 
production, and the latter not in excess, there is little apprehension of 
impurity in the resulting acid. If the acid is coloured by the presence of 
nitrous acid, it is rendered colourless by boiling, which is best performed 
in a retort, with a loosely-attached receiver; the nitrous acid distils 
over. 

Nitric acid is a colourless liquid, extremely sour and corrosive, and 
very intense in its action upon the greater number of inflammable bodies, 
to which it imparts oxygen, and by which it is resolved into some of the 
inferiorly-oxidized compounds. Its specific gravity, as usually obtained, 
fluctuates between 1.4 and 1.6, and it always contains water, which mo- 
difies its specific gravity. At 247°, when of the specific gravity 1.40, it 
boils and distils over without change, but the dilute acid is strengthened 
by boiling; and the strongest acid boils at a lower temperature t1^ that 
which is of a somewhat less specific gravity. ,The following table of 
boiling-points has been given by Mr. Dalton. 


am 


NITRIC ACID. 


Acid of specific gravity lAO boils at 210* 

„ 1.46 „ 240 

1.42 248 

1.40 „ 247 

1.86 ,, 242 

1.30 236 

1.20 226 

1.15 219 

At —40° the concentrated acid congeals. When diluted with half 
its weight of water it freezes at about — 2^. -When exposed to the air it 
esl^les fumes, and gradually absorbs water, so that its bulk becomes 
indreased, and its specific gravity diminished. It suffers a partial decom- 
position when exposed to light, becoming yellow and evolving oxygen, so 
that it should be kept in a dark place, and especially excluded from the 
&ect rays of the sun. By distilling nitric acid (sp.gr. 1.4) twice suc- 
cessively from four times its weight of sulphuric acid, Gay Lussac increased 
' it 0 » density to 1.510. In this state he found it remarkably susceptible of 
^Composition by heat or light. {Ann, de Chtm, et Phys,^ i.) According 
to Thenard, a mixture of 1 part of nitric and 4 of sulphuric acid gently 
heated, affords oxygen and nitrous acid, the sulphuric acid becoming 
diluted by the abstraction of the water of the nitric acid. 

When nitric acid is mixed with snow, the latter is^suddenly liquefied, 
and intense cold is produced. Nitric acid, of the sp. gr. 1.5, mixed with 
half its bulk of water, occasions an elevation of temperature in the mix- 
ture 112°: 58 parts of the acid with 42 of water, both at 60°, give, on 
mixture, a temperature of 140°. (Ure, Cluarterly Journal^ iv., 298.) 
On diluting the red fuming acid it assumes various tints of blueish green 
dependent upon the quantity of water added. 

Nitric acid has not been obtained in a dry, 
or anhydrous state ; the liquid acid is a com- 
pound of the anhydrous acid and water, and the 
salts called nftra/ej, (such as nitre, ot^ilrate of 
potassa,) are compounds of. the anhydrous acid, 
and a salifiable base. The nnhydrous nitric acid 
is constituted of one volume of nitrogen and two 
volumes and a hadf of oxgen, as in the annexed 
diagram. 

It is therefore a compound of 

Lavoisier. Cavendish. Berzelius. 

Nitrogen . 1 . . 14 .'. 26.9 • • 20 . . 26 . . 26 

Oxygen . 6 . . 40 . . 74.1 . • 80 . . 76 . . 74 

1 64 100.0 100 100 100 

The liquid nitric acid in its utmost state of concentration (sp. gr. 1.5), 

consists of 

Anhydrous nitric acid . 1 . • 64 . . 76 

Water _ . . . . 2 . . 18 . . 25 

1 72 100 

The following table, draiVn up by Dr. Ure, exhibits the quantity of 
dry acid and of Uquid acid (sp. gr. 1.5) at different densities: (Quarterly 
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Journal, ir., 297* and Dictionary, p. 71) Sec. Edit.) Ittt in it, the quan 
tity of anhjdroos acid in the liquid acid of sp. gr. 1.50 is assumed 

“ 79.7. 


specific 

gravity. 

B 

Dry acid 
in 100. 

Specific 

gravity. 

Liquid 
acid 
in 100. 

Dry acid 
in 100. 

Specific 

gravity. 

M 

Dry acid 
in 100. 

1.6000 

100 

79.700 


66 

52.602 

1.1895 

33 

26.301 

1.4980 

99 


1.3732 

65 

51.805 

1.1833 

32 

'26.604 

1.4960 

98 


1.3681 

64 

51.068 

1.1770 

31 

24.707 

1.4940 

97 

77.309 

1.3630 

63 


1.1709 

mm 

23.900 

1.4910 

98 

76.612 


62 

49.414 

1.1648 


23.113 

1.4860 

95 

76.716 


61 

48.617 

1.1587 

28 

22.316 

1.4860 

94 

74.918 

1.3477 



1.1426 

27 

21.519 

1.4820 

93 

74.121 

1.3427 

59 


1.1465 

26 

20.722 

1.4790 

92 

73.324 

1.3376 


46.226 

1.1403 

25 

19.925 

1.4780 

91 

72.627 

1.3323 

57 

45.429 

1.1345 

24 

19.128 

1.4730 

90 




44.632 

1.1286 

23 

18.331 

1.4700 

89 

70.933 

1.3216 

55 

43.835 

1.2217 

22 

17.534« 

1.4870 

88 

mESEM 

1.3163 

54 


1.1168 

21 

16.737 
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69 
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35 

27.895 

1.0106 

2 

1.694 

1.3882 

1.3833 

68 

67 

64.196 

63,399 

1.1958 

34 

27.098 

1.0053 

1 
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The column of dry acid shows tho weight which any salifiable base would gain by 
uniting with 100 parts of the liquid acid of the corresponding specific gravity. 


Nitric acid may be decomposed by passing its vapour through a red- 
hot porcelain tube;' oxygen is given off, nitrous acid gas is produced, 
and a quantity of diluted acid passes over into the receiver, having 
escaped decomposition ; so that it is thus proved to consist of nitrous 
acid, oxygen, and water. At a white heat, oxygen, nitrogen, and water, 
only, are evolved. When strong nitric acid was electrolysed, no gas 
appeared at the negative electrode, but nitrous acid, and apparently 
nitric oxide were formed there, which rendered the acid red and effer- 
vescent. In dilute nitric acid, gas appeared at the negative electrode, 
its quantity being varied by variations either in the strength of the acid 
or of the voltaic current : the gas at the anode was always oxygen, 
that at the cathode, hydrogen. When the quantity of products was 
examined by the voltameter, the oxygen, whether from strong or weak 
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aci4, was in the same proportion as A?em water* When the aeid 
was diluted to sp. gr. 1.24 or less, the hydrogen also proved to he in the 
same quantity as from water; hence Mr. Fai^ay concludes, that nitric 
acid does not undergo electro-chemical decomposition, but the water 
only ; that the oxygen at the anode is always a primary result, but that 
the products at the cathode are often secondary, and due to the reaction 
of the hydrogen upon the acid. (Phil. Trans.^ 1834, 96.) 

When nitric oxide is passed through concentrated nitric acid, it is 
decomposed, and nitrous acid is formed, partly by the acquisition of 
oxygen, by the oxide, and partly by its loss by the acid. Dr. Turner 
observes, that ‘^The nitrous acid thus derived from two sources gives a 
colour to the nitric acid, the depth and kind of which depend upon the 
quantity of the deutoxide of nitrogen which has been employed. The 
&st portion communicates a pale straw-colour, which gradually deepens 
as the absorption of the deutoxide continues, till the nitric acid has 
acquired a deep orange hue, together with all the characters of strong 
fuming nitrous acid. But the solution still continues to absorb the 
deutoxide, and, in doing so, its colour passes through different shades of 
olive and green, till it becomes greenish-blue. By applying heat to the 
blue liquid, the deutoxide of nitrogen is evolved, and in proportion as it 
escapes, the colour of the solution changes to green, olive, orange, and 
yellow ; at length becoming pale as at first. Nitrous acid vapours are 
likewise disengaged as well as the deutoxide. These phenomena are 
very favourable to the view that the conversion of the orange-colour into 
olive, green, and blue, is owing to the formation of hyponitrous acid.*' 
(Elements of Chem.^ 5th Gd., 290.) 

Some of the metals, such as copper, tin, and silver, are at first with- 
out action on concentrated nitric acid, but become vehemently active 
upon the addition of a little water. It often happens in such cases, that 
the metal combines with the oxygen of the water, and that the evolved 
hydrogen unites to the nitrogen of the acid, forming ammonia, which 
combines with the undecomposed acid. Poured upon hot iron-filings or 
melted bismuth, zinc, or tin, nitric acid causes a combustion of the 
metals. 

The facility with which nitric acid imparts oxygen, renders it a 
valuable oxydizing agent in many chemical operations : jiho^horus and 
most of the metals decompose it at common temperatures, and sulphur 
and carbon when aided by heat. It acts energeticdly, often when diluted, 
upon the greater number of animal and vegetable substances, and mutual 
decompositions ensue. A drachm Of oil of turpentine mixed with half a 
drachm of sulphuric acid, instantly bursts into flame upon the addition 
of a drachm of nifrie acid. A piece of glowing charcoal thrown upon 
the surface of the concentrated acid, bums vehemently with the evolu- 
tion of red fumes (Berzelius). Oxalic, malic, and carbonic adds, are the 
common products of the actimi of dilute nitric acid upon most vegetable 
and animal substances: fatty matter, ammonia, and hydrocyanic acid are 
also sometimes formed. It tinges the greater number of animal sub- 
stances of a yellow colour, and permanently stains the nails and cuticle ; 
it is hence employed in the production of yellow patterns upon coloured 
woollen goods* It is used in fumigations to destroy contagious and 
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ioiipctioafi matters xnova especU,lly in iii}) 9 ,bit 6 d ftpartmepts, wbare chlorine 
would prove injurioue ; for this purpose nitrate of potassa and sulphuric 
acid are inized in a saucer, and the evolution of the nitric acid vapour aided 
by a gentle heat ; but it is pot jso effective chlorine. In pharpaacy and 
a variety of other processes, it is susceptible of interesting applications : 
it is used for etching on copper, and as a solvent for tin in the prepara- 
tion of valuable piordants used by dyers and calico-printers : it is an 
important agent in metallurgy, and especially in the art of assaying. In 
medicine it is prescribed ^s a tonic, and occasionally in syphilitic, hepatic, 
and eruptive disorders; and in surgery as an energetic caustic. In the 
bite of rabid animals, if immediately applied to the wound, there is every 
reason to believe that it would destroy fhe poison and prevent its con- 
sequences. 

The salts which pitric acid forms, and which are termed nitrates^ are 
all soluble in water ; and hence neither its presence nor quantity can be 
determined by any precipitating re-agent. When uncombined, it is 
easily recognised by the facility with which it attacks copper, causing the 
evolution of nitric oxide, and affording a blue solution; and by the 
formation of nitre^ when it is saturated with potassa, which salt readily 
crystallizes in long six-sided prisms. When muriatic acid is added to a 
solution of a nitrate^ chlorine is evolved, and the liquid acquires the 
power of dissolving gold leaf ; but as the action of muriatic acid on the 
salts of chloric and bromic acid also furnishes a solution which dissolves 
gold, no inference can be drawn from the experiment, except the absence 
of these acids has been previously ascertained. 

The following method of detecting the prifetence of nitric acid has 
been suggested by Dr. Liebig, who says that it is effective when not 
more than a four-hundredth part of the acid is present. The liquid to 
be examined must bo mixed with sufficiency of sulphuric solution of 
indigo, to acquire a distinct blue colour ; a few drops of concentrated 
sulphuric acid are then added, and the whole boiled ; if the liquid 
contain a nitrate, it will either be bleached or rendered yellow. By 
adding a little common salt to the liquid before applying heat, a five- 
hundredth part of nitric acid may easily he discovered. (^Ann. de Chim, 
et Phys. XXXV, 80.) 

M. Runge proposes to detect nitric acid and its combinations as 
follows “ Pour a solution of proto-muriate of iron upon the surface of 
an amalgam of zinc, and then place a crystQ.1 of nitre on the latter in 
the fluid : a dark hand immediately forms around the crystal, sometimes 
extending over the whole surface of the amalgam. All the nirrates, as 
well as nitric acid, act in this manner ; but other salts, such, f* / instance, 
as the chlorates, produce no such effect, so that a very sensible test of 
the presence of nitric acid is thus afforded. It is necessaiy that the 
solution employed be a proto-salt of iron. If nitric acid is supposed to 
exist in a liquid, it should be saturated with potassa, evaporated to dry- 
ness, and the dry mass tried. Salts of copper and silver must not be 
present. {Annalen der Physik. 1827.) 

Nitric acid is an important agent in the operations of analysis. It is 
used,.— 1. to oxydize and dissolve the metals, and to separate them from 
the few which are not acted upqn by it, especially gold and platinum : it 
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eonstaat tue in llie piooeiM of assayiii{( for s^paiatiog (dlrw ^nt 
Ipild. 2. To aepatate certain metals in the form of insoluble, peroxides, 
9 uch as antimony and from those which yield soluble oxides, as in 
the separation of tin fifbm mercury ; it also is useful in the peroxydize- 
ment of iron and manganese, by which those metals are rendered 
insoluble in nitric acid, and thus separable firom soluble earths, &c. 
3« Dilute nitric acid separates sulphur from the metals in the form of an 
insoluble magma, or gray powder, as in the analysis of sulphuret of 
copper, of lead, or of silver ; if concentrated, it acidifies sulphur and 
arsenic. 4. The concentrated acid detects sulphuretted hydrogen by the 
production of a white cloud, and the destruction of its fetid odour. 
6. It is used as a solvent to determine the nature of certain precipitates, 
and to separate the soluble from the insoluble. The precipitates formed 
by the vegetable acids, by succinic acid, by phosphoric acid, and by 
arsenic acid in the solutions of baryta, of lime, and of lead, are easily 
soluble in dilute nitric acid ; but the precipitate by sulphuric acid in 
solutions of baryta is perfectly insoluble, and that in solution of lead 
difficultly soluble, requiring about 100 parts of the acid. 6. Nitric acid 
is a test of certain organic substances : it generally tinges those con- 
taining nitrogen of a yellow colour ; it detects strychnia, by rendering it 
red ; the nitric solution of uric acid leaves a red residue on evaporation ; 
it changes polychroite to green, and guaiacum to blue and green. It 
distinguishes gum from starch, by converting the former into muerms or 
saclactic acid: cork it converts into suberic acid. 7* Many of the 
nitrates, and the nitro-muriatic acid, are used as tests. (Pfuffi Handbuch 
der Analyiischen Chemie^, 98, 2nd Ed.) 

Nitro-muriatic Acip. — ^This term has been applied to the Aqua 
Regia of the alchemists. TVlien nitric and muriatic acids are mixed, 
they become yellow, and acquire the power of readily dissolving gold, 
which neither of the acids possessed separately. This mix tun; evolves 
chlorine, a partial decomposition of both acids having taken place, and 
water, chlorine, and nitrous acid are thus produced ; that is, the hydrogen 
of the muriatic acid abstracts oxygen from the nitric to form water : the 
result must be chlorine and nitrous acid. (Davy, Journal of Science and 
the ArtSy vol. i., p. 67.) The annexed diagram may, perhaps, serve 

mro-Muriaiic Add, render these mutual changes more 

evident. 

chiorine+^2Sd“* muTiatlc acid and one 

Muriatic Nitric nitric acid fumish the most efiective 

Hydro- mixture ; but a solution having the same 

gen + Oxygen.^ general properties is obtained by adding 

nitre to muriatic acid, or common salt 
to nitric acid. According to Derzelius, 
the mutual decomposition of the two acids proceeds only so far in the 
first instance as to saturate the liquid with chlorine ; but when heat is 
applied, chlorine is evolved till one of the acids is entirely decomposed. 
When a metal is put into nitro-muriatic acid, it absorbs the chlorine, 
and is dissolved ; for the liquid cannot become then Saturated with 
chlorine, because the metal combines with it as fast as it is evolved : the 
application of heat greatly accelerates this action, but much chlorine 
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may be lost by employing too high a temperature. As lutrio wdde is 
evolved during the solution of a metal in nitro-muriatic arid, it might 
he supposed that* the hydrogen of the muriatic acid had reduced the 
nitric acid to the state of nitric oxide ; but Davy has shown that a 
mixture of muriatic and nitrous acids possesses none of the properties 
of Aqua Eegia: consequently, the evolution of nitric oxide depends 
upon the spontaneous resolution of the produced nitrous acid into nitric 
acid and nitric oxide. Nitro-muriatic acid is the common solvent of gold 
and platinum, and may, with proper precautions, be used in the separa- 
tion of those metals from silver, which remains as an insoluble chloride. 
It furnishes a useful solution of tin; and is employed in the analysis of 
minerals containing sulphur, to separate and acidify that elementary 
body. 

Nitrogen AND Chlorine; Chloride op Nitrogen. (71+3C). These 
gases do not unite directly^ but the compound may be obtained by 
exposing a solution of nitrate or muriate of ammonia to the action of 
chlorine, at a temperature of 60° or 70°. The gas is absorbed, and an 
oil-like fluid, heavier than water, is produced by the union of the 
nascent nitrogen evolved in the decomposition of the ammonia of the 
salt, with the chlorine. It was discovered by M. Dulong, in 1812 
(Annales de Chimie^ vol, Lxxxv.), and its properties afterwards investi- 
gated by Sir H. Davy. (Phil. Trans., 1813.) 

The simplest mode of obtaining this compound, consists in filling a 
perfectly clean glass basin with a solution of about one part of sal- 
ammoniac in twelve of water, and inverting into it a tall jar of chlorine. 
The saline solution is gradually absorbed, and»riscs into the jar, a film 
forms upon its surface, and it acquiies a deep yellow colour : at length 
small globules, looking like yellow oil, collect upon its surface, and 
successively fall into the 
basin beneath, whence they 
are most conveniently re- 
moved by drawing them into 
a small and perfectly clean 
glass S 3 rringc, made of a glass tube drawn to a pointed orifice, (fig. 212,) 
and having a copper-wire with a piece of clean tow wrapped round it for 
a piston ; in this way a globule may be drawn into the tube, and trans- 
ferred to any other vessel. 

The specific gravity of chloride of nitrogen is 1.6; it is not congealed by 
cold. Its odour is irritating and peculiar; it very soon evaporates when ex- 
posed to air. It is dangerously explosive, and is decomposed with violent 
detonation by many combustibles, especially phosphorus and fixed oils. 
In making these experiments, which should be conducted with extreme 
caution, and the face protected by a mask (Dulong lost an eye and the 
use of a finger, and Sir II. Davy was wounded in the face by the effects 
of its detonation), a small globule of the compound, about the size of a 
mustard-seed, may be cautiously transferred to a clean porcelain basm, 
half filled with water, and placed under a wire-cage: a very small piece 
of phosphorus, fixed to the end of a long stick, or a long rod with the 
extremity dipped in oil, may be then brought into contact with the 
globule, which instantly explodes with a flash of light, dispersing th^ 
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preyious introduction of a piece of blotting-paper; or it may be prevented 
passing over by filling up the bulb of tbe retort with powdered lime. 
The theory of the decomposition which here ensues is somewhat compli- 
cated, and will be better understood when the nature of lime is explained. 
Muriate of ammonia is a compound of muriatic acid and ammonia; by 
the action of the lime (which is an oxide of calcium) the ammonia is 
expelled in its pure and gaseous form: the muriatic acid and the lime 

then mutually decompose each 
other, and water and chloride 
of calcium are the results. 
The annexed diagram may, per- 
haps, more clearly explain this. 

Ammonia is permanently 
elastic at common tempera- 
tures; by exposing it to in- 
tense cold, Guyton supposed 
that he had observed it to 
assume a liquid form. (Ann, de Chim,^ xxix., 290.) But this could not 
be the case, as it requires for its liquefaction a pressure of 6.5 atmospheres 
at the temperature of 50°. (Faraday, Phil. Trans. ^ 1823, p. 196.) 
It was most readily obtained in this state by disengaging it in a sealed 
tube from chloride of silver, which had been previously made to absorb 
it. It was colourless, transparent, of a specific gravity of 0.76, and its 
refractive power surpassed that of water. 

Ammonia is very pungent and acrid, and of course unrespirable, but ' 
when diluted by mixture with common air, agreeably stimulant. It con- 
verts most vegetable blues to green, and the yellows to red, properties 
which belong to the bodies called alkalis. Ammonia, therefore, has been 
termed volatile alkali; and the change of colour thus eifected by it, is 
distinguished from that produced by the Jixed alkalis, by the return of the 
original tint, when the ammonia flies off by exposure. It saturates the 
acids, and produces an important class of ammoniacal salis^ which are 
recognised by the evolution of ammonia when they are triturated with 
potassa, soda, or lime. 

The specific gravity of ammonia compared Avith hydrogen is as 8.5 to 
1 ; compared with air it is as 0.590 to 1 ; 100 cubical inches weigh 18.19 
grains. It extinguishes flame, but forms a difficultly inflammable mixture 
with common air, and may be burned when issuing from a capillary 
orifice in an atmosphere of oxygen. When mixed with its volume of 
oxygen, it bums with a feeble explosion. Ammonia is abundantly ab- 
sorbed by chloride of calcium, as well as by several other chlorides, with 
which, and with the other haloids, it forms a curious and interesting 
series of compounds which will afterwards be noticed'. If it be required 
artificially to diy the gas, potassa or lime should be used, {QLuarterly 
Jmmaly v. 74.) 

Water, at the temperature of 50°, takes up 670 times its volume of 
ammonia ; its bulk is increased, and its specific gravity diminished ; that 
of a saturated solution is 0.875, water being 1.000. llie following table 
shows the quantity of ammonia in solutions of different specific gravities, 
(Dav/s CAem. PAi7. p. 268.) 
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Of 
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26.00 
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99 
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99 
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9673 

99 
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99 

10.17 

9326 

>} 

17.52 

9619 

99 

9.60 

9385 

99 

15.88 

9692* 

9) 

9.50 


The usual state in which ammonia is employed is in solution, both in 
chemistry and medicine. This solution bears the name, of Liquor Am- 
monioB in the London Pharmacopceia. It maybe obtained by passing the 
gas into water in a proper apparatus, or by distilling over the water and 
gas together. Dr. Turner recommends for this process, the use of equal 
parts of sal-ammoniac and well-burned qtdck-llme : the lime is slaked by 
the addition of water, and as soon as it has fallen into powder, placed in 
an earthen pan, and covered, till quite cold, then mixed with thq pow- 
dered sal-ammoniac and put into a proper retort and heated as long as it 
gives out gas, which should be conducted by means of a safety-tube of 
Welter into a quantity of distilled water, equal to the weight of the salt 
employed. The specific gravity of the solution of ammonia so obtained 
is .936. {Elem, of Chem. 5th Ed., 384.) 

The following process, recommended by Mr. R. Phillips, answers well. 
On 9 ounces of well-burned lime pour half a pint of water, and when it 
has remained in a well-closed vessel for about an hour, add 12 ounces of 
muriate of ammonia in powder and three pints and a half of boiling water ; 
when the mixture has cooled, pour off the clear portion, and distil from 
a retort 20 fluid ounces. The specific gravity of this solution, which is 
sufficiently strong for most purposes, is 0.954. {Remarks on Ijondon 
Phai'macopoda^ p. 34.) The specific gravity of the officinal solution di- 
rected in the Pharmacopceia^ is 0.960. 

Liquid ammonia^ as this aqueous solution of it is commonly called, 
should be preserved in well-stopped glass bottles, since it loses ammonia 
and absorbs carbonic acid,* when exposed to air. When heated, 
ammonia is rapidly given off by it; when concentrated, it requires to 
be cooled to —40° before it congeals, and then it is apparently inodorous, 
and of a gelatinous appearance. If a piece of ice be introduced into a 
jar of ammonia standing over quicksilver, it melts with great rapidity, and 
liquid ammonia is produced. 

A pure and strong solution of ammonia is a bad conductor of electri- 
city, but it becomes a conductor when sulphate of ammonia is dissolved 
in it, and then, if submitted to electrolytic action, Faraday found that 
nitrogen was evolved at the anode, and hydrogen at the cathode, the ratio 
of the volume of the former to that of the latter varying, but being as 1 to 
about 3 or 4. This result seemed to indicate that the electric current had 
decomposed the ammonia, and that the nitrogen had been determined to*^ 
wards the positive electrode. But when the electricity used was xuea- 

* The three results marked by the asterisk were gained by experiments^ 
the other numbers by calculation. 
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Bured oiit by the Toltameter, it was Ibund that the hydrogen obtaihed Was 
exactly in the pii^ortion Which would hare been supplied by decomposed 
mater ^ Whilst the nitrogen had no certain or constant relation whatever ; 
and upon further experiment, that the water only was electrolyzed and 
that the nitrogen at the anode was a secondaty result, depending Upon the 
chemical action of the nascent oxygen (determined to that surface by the 
electric current) Upon the ammonia. No experiment has hitherto shown 
any tendency of nitrogen under the influence of the electric ciiirent to 
pass in either direction along its course. (PhiL Trans. 1834. p. 95.) 

Dr. Henry {Phil. Trdnsi 1800) first observed that a mixture of 
ammonia and oxygen gaS might be fired by an electric spark, and this 
property furnishes a means of analyzing the alk^ine gas. Electricity 
also decomposes ammoniaeal gas. If a succession of electrical sparks be 
passed through a small portion of the gas confined in a proper tube over 
quicksilver^ it will increase to about twice its original bulk, and lose its 
easy solubility in waters If the gas thus expanded be mixed with from 
one-third to one-half its bulk of oxygen, and an electric spark passed 
through the mixture, an explosion takes place^ attended by considerable 
diminution. Note the amount of the diminution, divide it by 3, and 
multiply the product by % The result shows the quantity of hydrogen ; 
for fi measures of hydrogen are saturated by 1 of oxygen. Thus, suppose 
10 measures of ammemia, expanded by electricity to 18, and that, after 
adding 8 measures of oxygen gas, we find the whole (=26 measures) 
reduced by firing to 6 measures^ the diminution will be 20. Then 20-f- 
3=6i66 j and 6.66 x 2= 13.32 measures of hydrogen gas from 10 of ammo- 
nia; and 18 — 13.32=4.68 for the nitrogen gas contained in the product 
of electrization. Therefore, 10 measures of amtnonia have been destroyed 
and expanded into 13.32 measures of hydrogen and 4.68 of nitrogen gas. 
(Henr/s Elements^ 7th Ed. vol. i. p. 233.) 

It appears from the above, and from 

Nitrogen. Hydrogen. the prior experiments of Berthollet, 

■■a .»..n . that one volume of ammonia is rc- 

H ^ solved by decomposition into two 

___ volumes- of a mixture of hydrogen 

Hydrogen. ^ Ammonia. nitrogen, consisting of 3 volumes 

\ ^ ij of hydrogen and 1 volume of nitrogen ; 

.. hence the annexed diagrams^ will 

iiydiogen. represent the composition and volume 

L ■ of ammonia. 

1 Suchbeingthe volumes of the gases, 

I it follows that if we add the specific 

gravity of nitrogen to thrice the specific gravity of hydrogen and divide 
the product by 2 we or^ht to obtain the q^iecific gravity of ammonia ; 


Hydrogen. 


Hydrogen. 


%edlic Gravity of ifitrogeh 
hydtbgen 


50 Cubic inches of nitrogen weigh 
150 „ ' hydn^n 


, . * . =0.972 

=0.0604 


i.l80-^2=0;690 
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Aniliitoia, ibigteifore is a coiii^btiad of 

^ A-Berthollet. Vola. 

Kiirogon 1 . , 14 . . 01.13 . S0.35 1 

tlydfdgdri 3 . 3 . . 10.8^ ll85 3 

1 . 17 100.00 lOol^ 2 

When ammonia is detonated Irith excess of oxygen^ a portion of 
niti|o acid seems always to be formed t indeed^ according to Bischof^ this 
acid is more or less formed in all cases of its combustion with oxygen. 
He found the limits of combustibility with oxygen to be^ on the one 
hand, 1 ammonia and 0.6 oxygen; and, on the other, 1 and 3.17 by 
tolume. 

Ammonia is not permanent at a red heat, and is consequently decom- 
posed when passed through a red-hot tube. If passed over a coil of iron 
or copper wire in a red-hot porcelain tube^ the metals become brittle, but 
their weight is not altered. According to Thenard (Ann. de. Chifn. 
Ixxv. 61), when any of the five following metals are enclosed in the tube, 
they promote the decomposition of ammonia at a temperature below that 
which it requires per in the following order: iron, copper, silver, 
gold, platinum. In all these cases the gas suffers expansion, and is 
resolved into hydrogen and nitrogen gases, in the above-stated proportions; 
it furnishes a singular instance of change of properties in consequence of 
chemical combination, (a is a bladder filled with ammonia, which may 
be passed through the iron tube 6^ placed in the furnace c ; the gas is 
decomposed, and hydrogen and nitrogen may be collected oter the water 
in d.) 
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Ammonia is also decomposed when passed over black oxide of man- 
ganese, heated red-hot in a porcelain tube ; the results, which are water 
and nitrous acid, were first observed by the Rev. J. Milner. (Phil, Trans., 
vol. Ixxix.) nitrate of ammonia is also often formed. Passed through a 
porcelain tube containing red-hot charcoal, ammonia forms a portion of 
hydrocyanic acid. 

Ammonia is produced synthetically during the decomposition of many 
animal substances ; it is also formed during the violent action of nitric 
acid upon phosphorus and some of the metals ; and by moistened iron- 
filings exposed to an atmosphere of nitrogen : in these cases the nascent 
gases unite so as to form a portion of ammonia. There are some other 
anomalous cases of its evolution and apparent production, which ate not 
easily explained, but which have been enumerated and commented llpon 
by Mr. Faraday, in a paper published in the Quarterly Journal (vol. six. 
p* 16)* 

Ammonia combines with the acids, and produces a class of salts 
which, with very few exceptions^ are soluble in water, and which evolte 
the odour of ammonia when mixed with hme or with pure potassa. 
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These salts are, for the most part, entirely dissipated, and, generally 
speaking, decomposed by heat. Ammonia mixed with the gaseous acids * 
condenses them into white pulverulent compounds; it combines either 
with half its volume, or with an equal volume, or with two volumes of 
the acid. The same combination ensues when the volatile acids are 
brought near free ammonia; and in this way very minute quantities of 
ammonia may be discovered, by dipping a glass rod into muriatic, nitric, 
or acetic acid, and bringing it near any liquid or substance supposed to 
.evolve ammonia, which will be immediately recognised by white 
fumes. 

Ammonia and CnLoniNE. — When these gases are mixed, a partial 
decomposition of the former ensues. On mixing 15 parts of chlorine and 
40 of ammonia, 6 parts of nitrogen are liberated, and muriate of ammonia 
is formed. If the gases be perfectly dry, considerable heat is evolved, and 
a flame is perceived to traverse tiie vessel in which the experiment is 
made. This combustion of ammonia in chlorine is well shown by an- 
nexing to the beak of a small tubulated retort, containing a mixture of 
muriate of ammonia and lime, a bent tube, not too small, the extremity 
of which terminates in a bottle containing chlorine; on heating the con- 
tents of the retort, ammonia is evolved, and as it issues from the tube 
into the chlorine, it inflames, and continues to bum with a pale lilac 
flame, producing muriate of ammonia, and evolving nitrogen. l3r. Thom- 
son employed ^hride of lime to decompose ammonia, by mixing it with 
muriate of ammonia, and collecting the evolved nitrogen. When solutions 
of chlorine and ammonia are mixed, an effervescence ensues, nitrogen gas 
is evolved, and muriate of ammonia formed ; and when gaseous chlorine 
is transmitted in successive bubbles into a strong solution of am- 
monia, each produces a slight explosion attended by a flash of light. 
(See pp. 371, 372). 

The best mode of showing the mutual action of ammonia and chlorine 
in solution, is to pour into a tube, about two feet long and half an inchin 
diameter, sealed at one end, a strong aqueous solution of chlorine, to 
within about two inches of the top; then gradually to pour upon it liquid 
ammonia, so as to fill the tube, which is to be closed by the thumb, and 
inverted into water; the solution of ammonia then rises through that of 
chlorine, and is decomposed with effervescence, nitrogen being evolved, 
and muriate of ammonia retained in solution. 

Ammonia and Chloric Acid. (A-fC'). Chlorate of Ammonia in 
formed by saturating chloric acid with carbonate of ammonia. It forms 
very soluble acicular crystals, of a sharp taste, w'hich detonate when 
thrown upon hot coals. It probably consists of 1 proportional of each of 
its components, or 17 ammonia + 76 chloric acid: but its composition 
has not been experimentally determined. (Yauquelin, Ann de Chim., 
xcv. 970 

Ammonia and Muriatic Acid; Muriate op Ammonia; Hydro- 
chlorate OP Ammonia; Sal Ammoniac. (A or (i^ + a h) +X^+C). 

Thm salt may be produced, directly, by mixing equal volumes of am- 
monia and muriatic acid, when an entire condensation ensues. The specific 
gravity of ammonia compared with mimatic acid is as 8.5 to 18.5 ; Aere- 
fore, dry muriate of ammonia consists of 
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* ^ Bucboh 

Ammonia • • . 1 • • 17 • • 31*6 • • 31 

or Muriatic acid • 1 • • 37 • • €8.5 . • 69 

T a 100.0 I 100 

« Muriate of ammonia was formerly imported from Egypt, where it was 
obtained by burning the dung of camels (See Parkes’s Essays^ ii. 437) \ 
it is now abundantly prepared on the Continent and in this country, 
chiefly by the decomposition of sulphate of ammonia by common salt, or 
by muriate of magnesia. When obtained by evaporation from its solution 
in water, it forms octoedral, cubic, and plumose crystals; but, in com- 
merce, it usually occurs, as procured by sublimation, in white cakes, hard, 
and somewhat elastic, and very slightly deliquescent: in this compact 
state it requires for solution 3.25 parts of water at 60°, cold being pro- 
duced during its solution; it also dissolves in alcohol: when heated it 
sublimes without decomposition in the form of white vapour, and maybe 
even passed through a red-hot porcelain tube without change. It is, 
however, decomposed when transmitted over ignited iron or copper-wire. 

'Sal-ammoniac is used in the arts for a variety of purposes, especially 
in certain metallurgic operations. It is used in tinning, to prevent the 
oxidation of the surface of copper; and small quantities are consumed 
by dyers. Dissolved in nitric acid, it forms the Aqua Regia of com- 
merce, used for dissolving gold, instead of a mixture of nitric and 
muriatic acids. It is decomposed by the fixed alkalis, and by the alkaline 
earths. 

Native Muriate of Ammonia occurs massive and crystallized, in the 
vicinity of volcanoes, and in the cracks and pores of lava near their craters. 
It has thus been found at Etna, and at Vesuvius, in the Solfaterra near 
Naples, and in some of the Tuscan lakes. An efflorescence of native 
sal-ammoniac is sometimes seen upon pit-coal. Its colour varies, from the 
admixture of foreign matter, and it is frequently yellow from the presence 
of sulphur. It is said that considerable quantities of native sal-ammoniac 
are also found in the country of Bucharia, where it occurs with sulphur 
in rocks of indurated clay. The ancients, according to Pliny, called this 
salt ammoniac^ because it was found near the temple of Jupiter Ammon, 
in Africa. It has been detected by Dr. Marcet in sea-water. {PhiU 
Trans,^ 1822, p. 454.) 

Ammonia and IomNE.~Iodine absorbs dry ammoniacal gas, and pro^ 
duces a viscid compound, at first of a metallic appearance, but becoming 
deep-brown and more liquid by excess of ammonia. Added to water 
this liquid produces a crimson-coloured solution, and yields iodide of 
nitrogen: it is also soluble in alcohol, and acts more powerfully on organic 
matter than pure iodine. Exposed to air it first returns to the viscid 
state, and ultimately leaves a pale-brown powder, powerfully detonating, 
and exhibiting a bright light at the moment of explosion. Landgrebe, 
who has ascertained these facts (Poggendorff's Annalen^ xiv., 539), con- 
siders this as a distinct iodide from the former. It detonates at the tem- 
perature of about 80°. The action of iodine on liquid ammouia has been 
already described (p. 391). 
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is formed by 

Mt^\^todic acid or eUoiiodic acid with ammonia. It forms small 
erysi^S, "spath^ly soluble in water, and deflagrates, when thrown upon 
hot coals, with a pale violet flame; heated highly in a tube it explodes, 
and is decomposed into oxygen, nitrogen, water, and iodine. Its compo- 
i^tioi^ not been experimeiitaQy ascertained. 

gYDRiopATE OP Ammonia (A+t) + (A+3?2) or ( hi '+ A \ In a 
former paragraph the action of iodine on ammonia has been stated to 
produce a portion of hydriodate of ammonia: this compound may be 
directly formed by mixing equal volumes of hydriodic and ammoniacal 
gases; or by saturating liquid hydriodic acid by carbonate of ammonia: 
it forms very soluble and deliquescent cubic crystals, which are anhy- 
drous, and volatile in close vessels without decomposition. Its aqueous 
solution dissolves iodine. (Gay Lussac, Ann. de Chim.^ xci.) Hydriodate 
of ammonia consists of 

Ammonia . • 1 . . 17 . . 12 
Hydriodic acid . 1 . . 126 . , 88 

1 iS 1^ 

Ammonia and Bromine act on each other with the evolution of 
nitrogen, and form hydrohrmnate qf ammonia; but no bromide of 
nitrogen. 

Bromate of Ammonia has not been examined. 

Hydrobromate op Ammonia. (A^'+A) js"a”volatile prismatic salt, 
becoming yellow and slightly acid by exposure to air. It is constituted 
of equal volumes of hydrobromic acid and ammonia. 

Hydrofluatb of Ammonia. (A^'+A). According to Berzelius, the 
neutral hydrofluate is best obtained by heating in a platinum crucible a 
mi;(ture of one part of muriate of ammonia with 2.25 parts of fluoride of 
spdium, both in fine powder: the cover of the crucible should be inverted, 
and contain jvater, to be replaced as it evaporates, so as to prevent its 
temperature exceeding 212°. A gentle heat sublimes the salt, which 
attaches itself in small prismatic crystals to the cool cover. If the salts 
were moist, ammonia is evolved, and an acid salt obtained. Hydrofluate 
of ammonia is permanent in the air, readily soluble in water, and leeyi so 
in alcohol. At a high temperature it melts and sublimes; it comdes 
glass, and its solution furnishes a ready means of etching upon it ; it 
absorbs ammonia, but does not retain it when sublimed. When its 
solution is eyapomted, ammonia escapes, and a remarkably deliquescent 
hihydroflmie qf ammonia^ imperfectly crystallizable, remains. 

Hyponitritb op Ammonia. (a+A) is obtidned when neutral hypo- 
nitrate of lead is decomposed by sulphate of ammonia. Its solution is 
decomposed by a very gentle heat, and evolves nitrogen; but it remains 
neutral. Exposed to spontaneous evapore*tion in a dry atmosphere, an 
irregularly crystallized mass is obtained, which melts, mid is decomposed 
when heated, being resolved into nitrous oxide, water, and apiifionia. 
(Berzelius.) 
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.Awqhu Jjm Nmic; Aoioi; Nimtii 09 AMiiaNu, (H-f bQ) -)r (n a Ay 
P¥(W^ + A). This salt may ha procured by the direct union of ainmoiiia 
isStb nitric acid; or more easily, by saturating dilute nitric acid with 
carbonate of ammonia. It has been mentioned as the source of nitraus 
oxide^ and when carefully heated it is entirely rasolYOd into that gas and 
water. 

Anhi/dfous nitrate of ammonia consists of 

Ainmonia . 1 • . 17 , . 23.9 

Nitric acid . 1 • . 54 . . 76.1 


1 71 100.0 


The decomposition of this 
salt by heat, and its resolur 
tion into nitrous o^^ide and 
water^ furnishes a good illus- 
tration of the theory of de- 
finite proportionals, both in 
volumes and weights; the 
elements of nitrate of am-^ 
monia are, 2 atoms of nitro- 
gen, 5 of oxygen, and 3 of 
hydrogen; and their respec- 
tive volumes are represented 
in the annexed diagram. 

Nitrous Oxide consists 
of 1 proportional of nitrogen 
— 14 -I- 1 of oxygen = 8; 
hence the 2 proportionals of 
nitrogen in the salt (1 in the 
acid, and 1 in the ammonia) 
will require 2 of oxygen to 
produce nitrous oxide^ and 
the remaining 3 of oxygen 
will unite to the 3 of hydro- 
gen, and form water; and 
accordingly nitrous oxide aiid 
ivater are the only possible 
results; so that the elements 
after the decomposition of the 
salt, are 'arranged in the op- 


Nitrate op Ammonia. 

Nitric Acid, Ammonia. 



Two proportionals of Nitroiia Three nroportiunal* of 
Oxide. Wtttt'r. 



ppslte diagram. 

or, repraaeated by symbols, (M+ 50 )+(W + 8A) became 2 (W+0) aad 
3 (A + 0). 

Nitrate of amatonta bas long been bno'vni, and was fprmarly called 
Jkmmns, in ponsjequencb of ita mpid d^inposUion nrit4 n 
slight explosion when heated ta about 600°. It differs in fQp(^n<^i6ing 
to the manner ip which, its a<4utiqn has beep eraporatad; if gtataift': 


perature below 100°, its crystals are six-aided priapta termiuptad hi 
aix-sided py^ipi^; if boiled down, its crystals are tW ppd ffbrcpa; ft 
is deliquescent, and soluble in twice its weight of at 00°, 1^4 in 
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itf '«lm at 312P^ Its teste is acrid and bitter. It contains dif- 

finent ptoporttons of water of ciystaUization; according to Berzelius, 
tbe prwmottc rarietj affords 11.232 per cent.; hence it may be con- 
ridered as containing 

[ Anhydrous nitrate of ammonia 1 • • 71 • • ^*7 

Water « • *1 • • 9 • • " 11.3 

1 80 ' 100.0 

According to Davy, the jibraus variety contains 8»2 per cenL; and the 
compact^ obtained by evaporating the solution till it concretes, 6.7 per 
cent of water of crystallization. — (Davy's Researches^ p. 710 

Atmospheric Air. 

The composition of the. atmosphere has been frequently alluded to in the 
preceding pages, and now, that we are acquainted with its essential 
elements, nitrogen and oxygen, it will be useful to consider its nature 
and properties somewhat more in detail. 

The atmosphere is a thin, transparent, invisible, and elastic fluid, 
which surrounds and revolves with our planet, and reaches to a consider- 
able height above its surface, probably between forty and fifty miles. 

TStot air is a ponderous body, was first suspected by Galileo, who 
founa that a copper ball, in which the air had been condensed, weighed 
heavier than when the air was in its ordinary state of tension. The fact 
was afterwards demonstrated by Torricelli, whose attention was dra^ to 
the subject by the attempt of a well-digger at Florence to raise watef by 
a sucking-pump to a height exceeding 33 feet. It was then found that 
the pressure of the atmosphere^ and not Na^jp'e's abhorrence of a vacuum, 
was the cause of the ascent of the water in the pump-pipe, and 'that a 
column of about the height mentioned, was sufBicient to equipoise the 
atmosphere, which, at the leyel of the sea, presses with a weight of about 
fifteen pounds on every square thch qf stirface^ iMd is capable of support- 
ing a column of water about 34 feet high#t Comparing the specific 
gravity of mercury- with that of air and water, Torricelli inferred that if 
a column of air one inch square and hs' high as the atmosphere,’ weighed 
15 pounds, and a column of water 34 feet high and an inch square, 
weighed also 16 pounds, the height of a similar column of mercury 
wo^d be about 30 inches ; he accordingly, in 1643, filled a glass tube, 
three feet long and closed at one end, with mercury, and inverted it 
in a basin of &e same fluid j he found that the mpxcury fell about six 
inches, so that the atmosphere counterbalanced a column of mercury 
30 inches in height. The empty space, in the upper part of thd tube, 
has hence been called the Torricellian vacuum^ and is nearly the ihost 
perfect that can be formed. Paschal and Torricelli afterwards observed 
that, upon ascending a mountain, the mercury fell in the tube, because 
there was less air above to press upon thief s^ace of the in the 
basin; and thus a method of measuring the heights qf mountains by the 
barmetety as the instrument is now called, was devised. Sir Henry 
lihglefleld has constructed a barometer es^ressly for investigations, 
the mode of using vfhich is deiSKiribed in ike Jofurnal^^^^ and jhts 

^rts, vol. V., p. 229. 
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^ m barometer in^catei^ by its rise and fell, a correspoadiiiff cbanae 
m the pressure of the atmosphere. At the sur&ce of the earth the 
density or pressure is considered equal to the support of a of 

mercury 30 inches high*. 


1000 feet above the surface the column 

luehet. 
to 28.91 
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The Mechanical Properties op the Air are best illustrated by the 
air-pump^ the construc- 
tion of which much re- 
sembles that of the com- 
mon pump used for rais- 
ing water, excepting that 
All the parts are more 
accurately ^and nicely 
made, the object being 
to «. exhaust the air as 
completely and expedi- 
tiously as possible. The 
annexed sketch (figure 
2 ) 4 ,) will give an idea 
of the operation of the* 
common air-pump. *ab 
are cylinders, into which 
the sliding-pistons cdare 
accurately fitted : e is a 
tube issuing from the 
bell-glass placed upon a 
brass plate and enter- 
ing the lower part of the 
cylinders at ' where 
are valves opening up- 
wards. In each piston 



* This is equal to a column of waier 
of between 33 and 34 Teet in height, and 
acioordingly, in all ordinaiy oases, . the 

requisite length of the tube preyenis the 
construction of toater-^arofiiatsrs,. but 
their great rise and fall, aa compared 
with the mercuric column, and the 
singular facility with which they fluc- 
tuate with atmospheric changes, renders 


observations with such instruments ca- 
rious and instructive. A water-barome- 
ter was put up, in the year 1832, in the 

Hall of the Royal Society at Somenet 

House, under the direction of Mr, 
DanieU, of which an interesting descrip- 
tion will be found in the Pkiksophit^ 
^ TtansasHms for that yemr. 

2 D 
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hk A vjmatiA gg. Th0 cylinder a repreftenti the 

piston ip the act <rfbei]^ drawn np. By elemting the piston c, an attempt 
will be made to form a vacuum underneath it ; but a portion of the air, 
in consequence of its elasticity, will pass out of the bell /, ^ong the 
tube e, and elevating the valve A, wiU fill the space below the piston, the 
valve g being kept closed by the weight of the incumbent atmosphere. 
In the cylind^ b the piston is represented in the act of depression, the 
valve k therefore is forced down upon the orifice, which it peifectly 
closes ; and the air, confined between it and the piston, now makes its 
escape by the piston-valve g, which is accordingly open, so that 
at every stroke of the pump a portion of air ^s withdra'wn from the 
receiver f. 

With this air-pump it is obviously impossible to obtain more than an 
imperfect vacuum in the receiver for the valves can only act by the 
elasticity of the remaining air; and, accordingly, if a barometer be placed 
under the receiver, the mercury will never attain a level in the tube and 
basin, but will always indicate a degree of pressure, as is shown by the 
small syphon-gauge at i ; and if a tube three feet long have its upper 
end opening into the receiver, and its lower end plunged into a basin of 
mercury, the mercury will never rise so high as in the common barometer, 
where the vacuum above it is more perfect, but will indicate the pressure 
of a remnant of air in the receiver. The st^phon-gatige, and the hammeter^ 
gauge as applied at A, are very useful appendages to the air-pump, as 
showing the degree of exhaustion, and its permanence. 

The operation of the pump in removing air, and the mechanical 
properties of the atmosphere, may be shown by a variety of experiments. 
lU pressure is illustrated by the force with which the b til-glass is pressed 
down upon the plate of the pump ; the aH^ence of its hmjanep^ by the 
descent of a guinea and a feather at the same time in the exhausted 
receiver; and by the preponderance of the larger of two bodies which 
balance each other in the open air. The want of* resistance in the ex- 
hausted receiver is also shovm by the equal duration of the motion of 
two fly-wheels, with their plates placed in different directions. The 
elasticity of the air is illustrated by the action of the pump itself, or by 
the distension which a flaccid bladder suffers during the removal of the 
external air, when placed under the receiver. 

The extreme elasticity of the air, and the changes of bulk which it is 
constantly sustaining under variations of pressure and of temperature, 
have been already partially adverted to. The general law of its com- 
pression was originally developed by Boyle in 1662, and afterwards 
investigated by Mariotte. They found that the volume of air, and all 
other elastic fluids retaining that state, was inversely as the pressures 
acting upon them. Thus a volume of air = 1 00 under any given pressure, 
will be diminished to 60 when that pressure is doubled; and expanded 
to 200, when the pressure is diminished by one biQf. From the experi- 
ments of Oersted {Edinburgh Journal of Science, iv.), this law applies 
under very high pressures; indeed, till liquefaction is effected, have, 
however, no evidence of the liquefaction of atmospheric air under any 
pressure, Mr. Perkins’s experiments upon that subject {PhU, Trans,) not 
being conclusive. 
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jSpisOTio OiutiTT OF Aie, The specific grayity of atmospheric air, at 
mean temperature and pressure, that is, the thermometer being at 60^, and 
the barometer at SO inches, is usually considered as =£ 1, being the standard 
of comparison to which the specific grayities of gases and yapours are 
referfed. In consequence of the interfering causes, and the delicacy of the 
methods required for the determination of a giyen bulk of air, the results 
of different experimentalists are a little at variance ; and accordingly the 
tables of the specific gravities of aeriform fluids, given in difierent works, are 
seldom exactly consistent with each other. From the latest experiments of 
Dr. Prout, 100 cubic inches of pure and dry atmospheric air, at mean tem- 
perature and pressure, weigh 31.0117 grains, so that, upon this datum, it 
is about 815 times lighter than its bulk of water, and 11,065 times lighter 
than its bulk of mercury. Compared with hydrogen ito specific gravity 
is as 15.2 to]. 

Determination op the Specific Gravity op Gases. For ascertaining 
the specific gravity of gaseous bodies, a good air-pump is essentially 
requisite; a light glass balloon (fig, 215) or flask bf and a 
graduated air-jar a, each supplied with stop-cocks, are also 
required. The stop-cock attached to the flask should be as 
small and light as possible. 

Dr. Henry, in his Elemenis of Chemistry^ and Mr. Faraday, 
in his Chemical Manipulation^ have given explicit and ex- 
tended directions for determining the specific gravities of 
gases, to which the reader is referred, and of which the 
following is an abstract. 

The gases should be retained and collected over mercury, 
and carefully dried, by exposing them to proper substances 
for absorbing the aqueous va;^ur with which they are mixed, 

Jind which would sometimes materially affect the accuracy of 
the result; or they should be taken saturated with moisture, 
and a correction afterwards made for the weight of the vapour 
contained in a given bulk of the gas. 

Supposing the receiver a to be filled ^vith any gas, the weight of 
which is to be ascertained, we screw the cock of the vessel h on the plate 
of an air-pump, and exhaust it as completely as possible, carefully ascer- 
taining by the barometer-gauge of the pump, that it retains its vacuum. 
'!rhe weight of the exhausted vessel is then very accurately taken, even to 
a small fraction of a grain;, and it is screwed upon the cock of the receiver 
a. On opening both cocks, the last of which should be turned very 
gradually, the gas ascends from the vessel a; and the volume which 
enters into the flask is known by the graduated scale on a. On weighing 
the vessel a second time, we ascertain how mai^ grains have been 
admitted. If we have operated on common air, we shall find its weight 
to be at the rate of 31 grains to 100 cubical inches. The same quan*^ 
tity of oxygen gas will weigh 34.60 grains, and of carbonie acid gas 47*8 
grains. 

In experiments of this kind it is necessary either to operate with the 
barometer at 30 inches, and the thermometer at 60^ Fahrenheit, or 
reduce the volume of gas employed to that pressure and temperature, by 

2 DU 
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ndeB wloiclL aro given in the note*. Great care is to te taken, risd, not 
to warm any of the vessels by contact vrith the hands, from which they 
should be defended by a glove. On opening the communication between 
the receiver and the eidiausted vessel, if any water be lodged in the 
air-cock attached tathe former, it will be forcibly driven into the latter, 
and the experiment will be frustrated. This may be avoided by using 
great care in filling the receiver with water, before passing into it the gas 
under examination: a small plug of bibulous paper, or of cotton, may also 
be put into the upper orifice of the stop-cock. 

The specific gravity of any gas, compared with common air, is readily 
known, when we have once determined its absolute wmght. Thus, if 
100 cubic inches of air weigh 31 grains, and the same quantity of 
oxygen gas weigh 34.6 grtuns, we say, 

31 : 34.6 :: 1.000 : 1.111. 

The specific gravity of oxygen gas, compared with atmospheric air, 
will therefore be as 1.111 to 1.000. 

> We may determine, also, the specific gravity of gases more simply, by 
weighing the flask, first when frill of common air, and again when ex- 
hausted ; and afterwards by admitting into it as much of the gas under 
examination as it will receive, and weighing it a third time. Now as the 


• Rules for rebuciko the Volume 
OF Gases to a meak height of 
THE Barometer, akh hear tem- 
perature. 

i. Front the apace occujMd by any 
tity of yas under an obterved degree cf 
pressure^ to infer what its volume would be 
under the mean height qf the barometer^ 
taking this at 30 inches^ as is now most 
usual. 

This is done by the rule of proportion; 
for, as the mean height is to the observed 
height, so is the observed volume to the 
volume required. For example, if we 
wish to know what space would be filled, 
under a pressure of 30 inches of mer- 
cury, by a quantity of gas, whicK fiUs 
100 inches, when the barometer is at 29 
inches — 

30 : 29 :: 100 : 96.60. 

The 100 inches would, therefore, be re- 
duced to 96.66. 

iL To estimate what mould be the,volume 
qf a portion if gaa^ if hrought to the tem^ 
perature qf 60° FahrentHi, 

Divide the whole quantity of gas by 
480; the quotimit will riiow the amount 
of its expansbn or contraction by each 
d^grM of Fahrenheit’s thermometer. 
M*&tiply this by the number of degrees 
which the gas exceeds or falls below 60°. 
If the temperature of the gas be above 
60°, subtract, or if below 60°, , f^d, the 
product to the absolute quantity of gji^s; 


and the remainder in the first case, or 
sum in the second, will be the answer. 
Thus, to find what space 100 cubic inches 
of gas at 50° would occupy if raised to 
60°, divide 100 by 480; the quotient 
0.208 multiplied by 10 gives 2.08, wliich 
added to 100 gives 102.08, the answer 
required. If the temperature liad been 
70°, and we liad wished to. know the 
volume which the gas would have oc- 
cupied at 60°, the same number 2.08 
must have been subtracted from 100, 
and 97>92 would have been the answer. 

iii. In some eases, it is necessary to 
make a double correction, or to bring the 
gas to a mean both of the barometer and 
thermometer, W e must then first correct 
the temperature, and afterwards the 
pressure. Thus, to know what space 
100 inches of gas at 70° Fahrenheit, and 
29 inches barometer, would fill at 60° 
Fahrenheit and 30 inches barometer, we 
first reduce the 100 inches, by the second 
process, to 97>92. Then by the first, 

30 : 29 :: 97.92 : 94.63. 

Or 100 inches, thus corrected, would be 
only 94.63. 

iv. To ascertain what would be the ab» 
solute weight qf a given volume of gas at a 
mean temperature^ from the known weight 
^ an equal volume at any other tempera^ 
ture: first, find by the second process 
what would be its bulk at a mean tem- 
perature; and then say^ as the corrected 



SPECIPIC GEAl^lTTf OP CASES. 40B 

loss between the first and second weighing is to the gain of weight on 
admitting the gas, so is common air, to the gas whose specific gravity we 
are estimatmg. Supposing, for example, that by exhausting the flask it 
loses 31 gn^ and that by admitting carbonic acid it gains 47.3; then 
31 : 47.3 :: 1.000 : 1.627. 

The specific gravity of carbonic acid is, therefore, 1.627, being taken 
"lit J. 000. And knowing its specific gravity, we can, without any further 
experiment, determine the weight of 100 cubic inches of carbonic and; 
for, as the specific gravity of air is to that of carbonic acid, so is 31 to 
the number required; or 

1.000 : 1.627 :: 31 : 47.3. 

100 cubic inches, therefore, of carbonic acid, will weigh 47.3 grains. 

It has already been observed that gas, when standing over water, 
becomes saturated with aqueous vapour, the quantity being proportional 
to the temperature. In such cases a part of the observed volume, as 
well as of the weight, is due to vapour, which therefore must be deter- 
mined before ^he actual weight of Ae gas can be accurately calculated. 
The following table (Faraday, Manipulation^ 2nd edition, p. 376,) exhi- 
bits the proportion by volume of aqueous vapour existing in any gas 
standing in contact with water at the corresponding temperatures and at 
mean barometric pressure. 


40° 



.00933 

54° 


.01633 

68° 


.02406 

41 



.00973 

55 


.01586 

69 


.02483 

42 



.01013 

56 


.01640 

70 


.02566 

43 



.01053 

67 


.01693 

71 


.02653 

44 



.01093 

58 


.01753 

72 


.02740 

45 



.01133 

59 


.01810 

73 


.02830 

46 



.01173 

60 


.01866 

74 


.02923 

47 



.01213 

61 


.01923 

75 


.03020 

48 



.01253 

62 


.01980 

76 


.03120 

49 



.012,03 

63 


.02050 

77 


.03220 

50 



.01333 

64 


.02120 

78 


.03323 

51 



.01380 

65 


.02190 

79 


.03423 

52 



.01426 

66 


.02260 

80 


.03533 

53 



.01480 

67 


.02330 





bulk is to the actual weight, so is the 
observed bulk to the number required. 
Thus, ibf we have 100 cubic inches of gas 
weighing 50 grains at 50^ Fahrenheit, if 
the temperature were raised to 00^ they 
would expand to 102.08. And 
102.08 : 50 :: 100 : 49. 
Therefore 100 inches of the same gas at 
60° would weigh 49fgraan6. 

V. To lemm the aheolute weight qfa given 
volume ef gas under a mean pressure, from 
its known weight Under am observed pres-- 
sure: say, as the observed pressure is to 
the mean pressure, so is the observed 
weight to the •corrected weight. For 
example, having 100 inches of gas which 
weigh 60 grains under a pressure of 29 
inches, to know what 100 inches of the 


same gas would weigh, the barometer 
being 30 inches, 

29 : 30 :: 50 : 51.72. 

Then 100 inches of the same gM, under 
30 inches’ pressure, would weigh 51.72 
grains. 

vi. In some cases it is necessary to 
combine the two last calculations, llius, 
if 100 inches of gas at 50° Fahrenheit, 
and under 29 inches* pressure, weigh 50 
grains, to find what would be the weight 
of 100 inches at 60° Fahrenheit, and 
under 30 inches of the barometer, first 
correct the temperature^ which reduce 
the weight to 49 grains. Then, 

29 : 30 : : 49 t 50.7. 

100 inches, therefore, would weigh 5017 
grains. 
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“Siy teference to tliis table, whicb is founded upontbo experiiftettts of 
Hr. Dalton and Dr. Ure, and inclndos any temperature at which gases 
are likely to be weighed, the proportions in bulk of vapour present, and 
consequently of the dry gas, may easily be ascertained. For this purpose 
the observed temperature of the gas should be looked for, and opposite 
to it will be found the proportion in bulk of aqueous vapour at a pressure 
of 30 inches. The volume to which this amounts should be ascertained 
and corrected to mean temperature. Then the whole volume is to be 
corrected to mean temperature and pressure, and the corrected volume of 
vapour subtracted from it. This will leave the corrected volume of dry 
gas. It has been ascertained, in a manner approaching to perfect accu- 
racy, that a cubic inch of permanent aqueous vapour corrected to the 
temperature of 60®, and a mean pressure of 30 inches, wmghs 0.1929 
grains. The weight, therefore, of the known volume of aqueous vapour, 
is now easily ascertained, and this being subtracted from the weight of 
the moist gas, will give the weight of the dry gas, the volume of which 
is Hiso known. As an illustration, suppose a gas standing over water had 
been thus weighed, and that 220 cubic inches at the temperature of 60° 
Fahr., and barometric pressure of 20.4 inches had entered into the globe 
and caused an increase in weight of 101.69 grains. By reference to the 
table it will be found that at the temperature of 60°, the proj>ortion of 
aqueous vapour in gas standing over water is ,01333, which in the 220 
cubic inches will amount to 2.933 cubic inches, which, corrected to the 
temperature of 60°, becomes 2.942 cubic inches. The whole volume 
corrected to mean temperature and pressure will be foimd to equal 
219.929 cubic inches, from which, if the 2.942' cubic inches of 
aqueous vapour present be subtracted, it will leave 216.987 cubic inches 
as the volume of dry gas at mean temperature and pressure: 2.942 
cubic inches of aqueous vapour weigh .6676 grains, for 2.942 X 0.1929= 
0.6676; this subtracted from 101.69, the whole weight leaves 101.1226 
grains, which is the weight of the 216.987 cubic inches of dry gas; and 
by the simple rule of proportion, therefore, it will be found that 100 cubic 
inches of such gas, when dried, and at mean temperature and pressure, 
will weigh 46.603 grains.*' 

When it is required to deprive gases of their mixed vapour, so as to 
render them dry^ they may be slowly passed for the purpose through a 
tube about half an inch diameter, and from two to three feet long, con- 
taming fragments of fused and dry chloride of caldium, which, by its 
strong attraction for moisture, effects the desiccation of the gas. A few 
gases are, however, absorbed by it, in which case fused potassa, or fused 
carbonate of potassa^ duly comminuted, may be substituted. Some gases 
are conveniently dried by exposing them to a surface of sulphuric acid. 
(See Farada/s Manipulatim^ p. 

Assuming atmospheric air at 30 inches' biurometrical pressure, and 60° 
temperature 1, the first column of the following table exhibits a series 
of comparative specific gravities; the second contains the weight of 100 
cubic inches; and the ihird the specific gravity in reference to hydrogen, 
as = l. , 
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GAS. 



Knv. 

100 

Cub. Inches. 

H 

yd^en 

AtmoEfpheric air . 



1.000 

. . • 31.01 

« • • 

15.2 

Oxygen . 



l.lll ’ 

34.60 

• • • 

16 

Chlorine . . • 


. , 

2.600 

1 76.60 

• • • 

' 36 

FeroxMe of Chlorine . 



2.346 

72.01 

• • • 

34 

Iodine (vapour of) . 



8.675 

269.84 

• • • 

125 

Bromine (vapour of) . 

• 


5.400 

168.0 

• • • 

76 

Hydrogen 



0.069 

2.13 

• • • 

1 

Water (vapour of) . 

• 


0.625 

19.06 

• • a 

9 

Muriatic acid 



1.270 

39.36 

• mm 

18.5 

Hydriodic acid . 

• 


4.340* 

133.43 

m m m 

63 

Nitrogen 



0.976* 

30.16 

m m m 

14 

Nitrous oxide . • . 

• 


1.524 

47.22 

• • • 

22 

Nitric oxide . 



1.041 

32.13 

• • • 

15 

Nitrous acid • 



1.59 

48.00 

• • • 

23 

Ammonia 



0.590 

18.19 

• • • 

8.5 

Sulphur vapour 



6.600 

206. 

• • • 

96 

Sulphurous acid . 



2.220 

68.70 

• • * 

32 

Sulphuretted hydrogen . 



1.170 

36.50 

• • • 

17 

Phosphuretted hydrogen 



1.761 

53.80 ? 



Hydrophosphoric gas 



1.185 

36.74 ? 



Carbonic oxide . 



0.972 

30.13 

• • • 

14 

Chloroearbonic acid 



3.440 

106.806 


50 

Carbonic acid 



1.527 

47.26 


22 

Carburetted hydrogen (olefiant) 

0.981 

30.569 

• • • 

14 

Cyanogen 


, 

1.815 

56.470 

a • • 

26 

Chlorocyanic acid 

• 

» 

2.152 

65.658 


31 

Hydrocyanic acid . 


, 

0.942 

29.30 

• • 

13.5 

Sulphuret of carbon (vapour of) 

2.637 

80.484 


38 

Fluoboric gas 

, 


2.400 

72.50 



Fluosilicic gas 



3.574 

110.78 



Alcohol (vapour of) . 



1.600 

49.60 

• • » 

23 

Sulphuric ether (ditto) . 


, 

2.570 

79.670 

• • • 

37 

Muriatic other (ditto) 



2.255 

70.231 



Hydriodic ether (ditto) . 



4.660 

145.32 



Chloric ether (ditto) . 

. 


3.440 

106.80 



Oil of turpentiue (ditto) • 


. 

6.211 

158.896 




Composition op the AtMOSPHEliE. Atmospheric air has already been 
stated to consist essentially of osygen and nitrogen: these gases are merely 
ill a state of mechanical mixture, and by no means, as some have supposed, 
in chemical combination. There are various ways of learning the pro- 
portion which the oxygen bears to the nitrogen; and as the relative 
fitness of the air for breathing has sometimes been considered as depending 
upon the quantity of oxygen contained in a given volume, the instru- 
ments used in these experiments have been called eudiometers. 

From facts already stated, it is obvious, that if atmospheric air, 
mixed with a certain quantity of hydrogen^ be detonated by the electric 
spark, the absorption will be proportionate to the quantity of oxygen 
present. When 100 measures of pure hydrogen are mixed with 100 of 
pure oxygen, the diminution of bulk after detonation will amount to 
150 parts; that is, one volume of oxygen cpndenses two of hydrogen. If 
wc introduce into the graduated detonating tube (fig. 202) 300 measures 
of common air, and 200 of pure hydrogen, there will remain, after 
detonation, 305 measures; so that 195 measures will have disappeared, 
of which one-third may be estimated as pure oxygen: hence 300 parts of 
have thus lost 65 of oxygen, or about 21 jper cent. 
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The genend rule, therefore, for estimating the purity of air by 
Lydrogen gas may be stated as follows^-— Add to 3 measures of the air 
under examination 2 measures of pure hydrogen; detonate; and, when 
theressel has.cooled, observe the absorption; £yide its amount by 3, and 
the quotient is the quantity of oxygen. . ^ 

Upon the same principle, detonation of mixtures of oxygen and 
hydrogen is often resorted to, with a view of ascertaining the purity of 
those gailes. Thus, suppose 100 measures of (impure) oxygen, and 300 
of hydrogen, to be reduced by detonation to 130, the whole diminution 
will be = 270 , which, divided by 3, gives 90 for the quantity of oxygen; 
so that it contained 10 per cent, of some gas; not condensible by detona* 
tion with hydrogen. To ascertain the purity of hydrogen, it may be de- 
tonated with excess of pure oxygen. Thus, if we add 100 of pure oxygen 
to 100 of hydrogen, and detonate, there will be a diminution equd to 
two-thirds, or 150 parts, if the hydrogen be pure. If, however, we 
suppose 100 of pure oxygen, mixed with 100 of hydrogen, to produce, 
after detonation, a residue of 80 measures; the diminution will then 
have been only 120 measures, of which two-thirds, or 80 measures, are 
hydrogen: so that the inflammable gas will have contained 20 per 
cent, of some other gaseous body, not condensible by detonation with 
hydrogen. 

The mode of ascertaining the purity of atmospheric air by de- 
tonation with hydrogen, was first resorted to by Volta, and it is susceptible 
of great accuracy, since hydrogen and oxygen are easily procured 
nearly pure. An improved detonating tube for these purposes has been 
described by M. Gay Lussac. {Ann. de Chim. et Phys.^ iv., 188.) The 
best form of instrument, however, for detonating gaseous mixtures, is that 
contrived by Dr. Ure; it consists of a glass syphon with legs nearly of 
equal length, open and slightly funnel-shaped at one extremity, and 
hermetically seided and supplied with platinum detonating wires at the 
other. The sealed leg is ^uduated by introducing successively equal 
weights of mercury from a glass measure; 7 ounces and 66 grains troy 
occupy the space of a cubic inch, and 34.25 grains represent of that 
volume. To use this instrument, it is filled with mercury, and inverted 
in the pneumatic trough; a convenient quantity of the gaseous mixture 
is intr^uced, and having applied a finger to the orifice, the tube is 
removed and inverted so as to transfer the gas to the sealed leg, where 
its quantity is very accurately measured; we then pour a portion of 
mercury firom the open end of the tube, so m to leave a space of about 
two inches, and closing the aperture with the thumb, detonate by the 
electric spark: the included portion of air serves as a sj^ring, and, on 
withdrawing the thumb, the change of bulk is read off, having previously 
added mercury, so as to bring it to a level in both legs of the syphon, 
Any liquid or Mid that is required, may then be passed up into the 
closed end for the analysis of the residuary gas. {Edin. Phil. Tfane. 
Jaaiiaiy, 1818.) 

The singular action of epo^y platinum^ already mentioned (p. 353), 
may be resorted to, to efiect the union of oxygen and hydrogen in eudio- 
metribal experiments; or, what is preferable, the air under examination 
m^jr^be mii^ with its bulk of pure hydrogen, and two or three of the 
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small balls, composed of spongy platinum and clay, thrown up into the 
mixture standing over .mercury; in the course of an hour or two, when 
the diminution of bulk has attained its maximum, and the vessel has 
cooled, the residuary gas 'is carefully measured, and one-third of its loss 
of bulk is =r to the oxygen that was present. 

Scheele, in his eudiometrical experiments, employed sulphuret of 
pbtassiumj the solution of which rapidly absorbs oxygen, as may be shown 
by agitating it with atmospheric air in a graduated glass tube. Tn 
this experiment the nitrogen remains unaltered. 

The eudiometric tubes of Dr. Hope (Nicholson's Journal^ vol. iv.) and 
Dr. Henry {Elements^ vol. i., p. 149), as represented in the marginal wood- 
cuts (figs. 216 and 217 ), convenient for such 
experiments by absorption. The former consists 
of a small bottle, holding about three oimces, into | 217 | 

which the graduated glass tube a is carefully fitted 
by grinding. It also has a ground stopper at 
To use it, the phial is filled with the solution of 
the alkaline sulphuret, and the tube a, containing 
the air to be examined, fitted into its place. 

After inverting and agitating the instrument, 
the stopper b may be opened under water, and 
the absorption is shown by the rise of the 
fluid in the tube. For the glass-bottle, Dr. 

Henry substituted the elastic gum-bottle b (fig. 217), in the neck of 
which a short piece of glass tube is secured, into which the tube a is 
fitted by grinding. In the Philosophical Transactions for 1807, Mr. 
Pepys has described a modification of this eudiometer, which may be 
often advantageously employed in delicate experiments, and by which 
an absorption of only toVu under examination may be 

measured. 

When nitric oxide gas and atmospheric air are mixed, there is a pro- 
duction of nitrous acid, in consequence of the union of oxygen with the 
oxide; and if the mixture be made over water, an absorption proportional 
to the quantity of nitrous acid formed ensues. Upon this principle nitric 
oxide may be used in eudiometrical experiments ; and, if proper precau- 
tions be attended to, it furnishes tolerably accurate results. Dr. Priestley, 
and Mr. Cavendish (Phil. Trans.^ 1783) availed themselves of this mode, 
and Mr. Dalton has ofiered some remarks upon its relative accuracy 
(Phil. Mag., vol. xxviii.) The most certain results are obtained by 
adding to 100 parts of the atmospheric air, previously introduced ihta a 
small beer-glass, an equal volume of nitric oxide gas. The mixture may 
be gently agitated, and in two or three minutes carefully decanted into ft 
graduated tube, when it will be found, provided the nitric oxide be pure^ 
that 84 measures have disappeared; of which one-fourth, or 21 measures, 
are oxygen. 

Sir H. Davy suggested the use of a solutwn of stdphate of iron, im* 
pregnated with nitric oxide gas, for the absorption of oxygen; it may be 
employed in the same way as the alkaline sulphuret. 

■ If a stick of phosphorus be confined in a portion of atmospheric 
it will slowly absorb the oxygen present. The rapid combufltiDa of 
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same substance may also be conveniently resorted to. For 
this purpose a small piece of phosphorus may be introduced 
hito the bulb of the tube a (fig. 218), containing a given 
measure of the air to be examined, confined over mer- 
cury, which, to prevent loss by expansion, should be 
suffered to occupy about half the tube, or to stand at h. 
The phosphorus may then be inflamed, and distilled 
through the air in the tube; and when the combustion 
is over, and the tube cold, the residuary air may be 
transferred for measurement. These eudiometrical 
methods were used by Lavoisier, [Berthollet, and Seguin 
(Annales de Chimie^ tom. ix. and xxxiv.), and are botli 
susceptible of accuracy; and a loss of volume, nearly = 21 per cent, 
of the atmospheric air, will invariably be found to have occurred. 

By experiments thus conducted, it has been found that the composi- 
tion of the atmosphere is extremely uniform in all parts of the world, 
and at all heights above its surface^; and it has generally been considered 


as coiisisting of 

By Measure. 

By Weight. 

Oxygen 

. . 21 

. 23 

Nitrogen 

. . 79 . 

. . 77 


100 

100 


Though these are the essential component parts of atmospheric air, it 
contains other substances, which, however, may, to a certain extent, be 
regarded as adventitious, and the quantity of which is liable to vary; of 
these, carbonic acid and aqueous vapour are the most important and 
constant. The quantity of the former may usually be considered as 
amounting to less than about .01 per centt. The presence of aqueous 
vapour in the atmosphere is shown in a variety of ways,* but most 
easily by exposing to it certain deliquescent substances, which liquefy 
or increase in weight, in consequence of its absorption; and as the 
gases in general, unless artificially dried, also contain vapour of water, 
it is necessary, in delicate experiments, and in ascertaining their specific 

• Lavoisier's experiments gave 27 instead of 21, as in the external air, 
measures of oxygen and 73 nitrogen: found 20.2inthe)Th^^tre Francois during 
Priestley stated the oxygen to vary from the performance. (L. Gmehn, Hand- 
20 to 25 per cent,: Cavendish estimated buck, i. 443.) 
it at 20 psr cent, : Berthollet found in the 

air of Cairo and of Paris 22 of oxygen: f Saussure and Gay Lussac found the 
Sanssurein Geneva 21 to 22: De Marty usual proportion of carbonic acid in the 
in Catalonia, in all situations, 21 to 22 : air from the summit of Mont Blanc, and 
Davy, at Bi^tol and upon the west coast 050 toises above Paris. Beauvais found 
of l^gland, during westerly winds, 21. scarcely a trace of carbonic acid in the 
The some in air from the coast of Guinea, air over the Sea of Dieppe, but the usual 
Beiger on the Jura, and on the moun- proportion inland. According to Saus- 
tains, and in the vaUeys of Savoy, 20.3 sure the proportion varies with the sea- 
to21.6: ConOgliachi on the Simplon 21, son: the air in a meadow, in August, 
«nd in Ihe Ricofields of the Milanese contained 0.000713; in Jan., 0.000479; 
20.8: Gay Lussac, 22,000 feet above the in Nov., in rainy and stormy weather, 
suriaee, and in Paris, 21.49: Dalton in 0.000426. Dalton estunates the carbonic 
Eng^d 20.7 to 20.8: seldom 21; but on acid at 0.001; Configliachi the maximum 
Jan. 8, 1826, Barom. 80.9 and wind north- at 0.008, and Hnmboldt (probably an ex- 
etet, 21;15. Gay Lussac and Humboldt, cess) at 8.006 to 0.018. (L, Gmelin.) 
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gravity, to take tUa uigredietit into the account (see p. 405), or to 
separate it bj proper means, such as exposure to very deliquescent sub- 
stances, among which fused chloride of cUcium is especially useful, under 
the precautions already 'mentioned* 

The quantity of water contained in air and gases is subject to variation. 
^From the experiments of Saussure, Dalton, and Ure, already referred 
to, it appears that 100 cubic inches of atmospheric air at 57^, are capable 
of retaining 0.35 grains of watery vapour; in this state the air may be 
considered at its maximum of humidity; it would also appear that all 
the gases take up the same quantity of water when under similar circum- 
stances, and that it consequently depends, not upon the dcnsity/or 
composition, but upon the bulk of the gaseous fluid ; and from Dalton's 
researcheSj already mentioned, it may be concluded that the vapour forms 
an independent atmosphere, mixed, but not combined with, or dissolved 
in, the air. (See Daniell's Meteorology,) 

Hygroscopes and hygrometers are instruments which show the pre-* 
sence of water in the air, its variation in quantity, and its actual quantity 
existing in a given bulk of air at any given time. Saussure employs a 
human hair, which, by its dilatations and contractions in moisture and 
dryness, is made to turn an index; Deluo used a thin strip of whalebone 
in the same way; Wilson employs a rat's bladder, which is filled with 
mercury, and tied on to a large thermometer-tube, and by its dilatation 
and contraction causes the mercury to fall and rise in the tube, and thus 
to indicate changes in the moisture of the air. Mr* Daniell has con- 
structed an hygrometer, which shows the constituent temperature of the 
moisture in the atmosphere, by its precipitation upon a cold surface; 
comparing this with the temperature of the atmosphere, the difference 
furnishes a datum for calculating the quantity of vapour in a given 
quantity of air, and affords indications usefully applicable to predicting 
change of weather. A detailed account of this instrument, and of the 
observations made with it, is given by Mr. Daniell in the Quarterly 
Journal of Science (vols. viii. ix. alid x.), and in his ‘‘ Essays." 

As an average of results, the ordinary constituents of the atmosphere 
appear to be in the following proportions : 

By Measure. By Weight. 

Nitrogen . . 77.5 . . 75.56 

Oxygen . . . 21. • . . 23.32 

Aqueous vapour • 1.42 . • 1.03 

Carbouio add . * . 0.08 . . . 0.10 

100 100 


If the relative bulk of oxygen to nitrogen 
be considered as 1 to 4, and many analysts 
will not allow that the atmosphere contains 
more than 20 of oxygen to 80 of nitrogen, it 
follows that, in reference to the atomic theory, 
it is a mixture of one proportional of oxygen 
8, and two of nitrogen =s 14 X 2 £= 28; 
which may be thus represented:-— 


Oxygen. 

S 



Nitrogen. 

14 


.Is 

! ■ 



i 

Nitrogen. 


t 

14 
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^ In addition to the substances nboTe enumerated as the constatU com- 
ponent parts of our atmosphere, it contains, in certain situations, minute 
quantities of what may be termed accidental ingredients^ the nature and 
proportions of which depend upon a variety of causes; and ^^as the sea 
contains a little of everything that is soluble in wuter, so,” as Dr. Front 
observes, the atmosphere may be conceived to contain a little of every 
thing that is capable of assuming the gaseous form.” It has even been 
supposed that all substances may impart in this way portions of foreign 
matter, which, though infinitely sm^l, would in time accumulate into 
sensible proportions ; and the formation of aerolites has even been referred 
to«such a cause: but the fallacy of this hypothesis has been satisfactorily 
demonstrated by Mr. Faraday (On the existence of a limit to vaporisation^ 
Phil, Trans,^ 1826, p. 484,) his argument being founded on the principle 
by which Dr. Wollaston accounted for the limited extent of the atmo- 
sphere {Phil, Trans, ^ 1822, p. 89); namely, that its boundary is depen- 
dent upon the opposing powers of elasticity and gravitation. On passing 
upwards from the earth's surface the air becomes more and more 
attenuated in consequence of the gradually diminishing pressure of the 
superincumbent part, and its tension or elasticity is proportionately 
dimnished : when the diminution is such that the elasticity is a force 
not more powerful than the attraction of gravity, then a limit to the 
atmosphere must occur: the particles of the atmosphere there tend to 
separate with a certain force, but this force is not greater than the attrac- 
tion of gravity which tends to make them approach the earth and each 
other; and as expansion would necessarily give rise to diminished tension, 
the force of gravity would then be strongest, and consequently cause 
contraction, until the powers were balanced as before. 

This condition of a^'rial particles, Mr. Faraday applies to all other 
vapours, and infers, that every kind of matter ceases to assume the elastic 
form, when the gravitation of its particles exceeds the elasticity of its 
vapour; and by proving that a variety of substances, kept for some years 
in a confined space and with moisture, underwent no evaporation, he has 
furnished ample grounds for denying the existence of a miscellaneous 
collection of vapours in the atmosphere. 

To revert, however, to the extraneous matters^ as they may be called, 
which have actually been detected, or may fairly be presumed to exist at 
times in the air. We observe, in London, that traces of sulphurous and 
sulphuric acid are observable, and also^of sulphate of ammonia, which 
salt we sometimes see upon dirty windows in small stellated spots : these, 
as well as finely-divided carbonaceous matter, are no doubt derived from 
coal-smoke. Ih the same way the air in the vicinity of certain manu- 
factories, reducing-furnaces, and other places where large quantities of 
peculiar gases or vapours may be generated, will be liable to more or less 
local cofUamination, In the vicinity of the sea, and especially during 
storms, the rain which falls contains traces of salt, and during a thunder- 
storm it may possibly afford slight indications of nitric acid (p. 297«) 
Sometimes ndn and snow have been coloured by extraneous matters, 
mechanically difiiised through the air; this has occasionally been traced 
to minute lichens, and other ciyptogamous plants, brought fitom a distance 
by the vduds, and diffused in myriads through the atmosphere ; and 
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tometimes to volcanic dost composed of earthy and metallic mattem in a 
state of extreme comminution. The substances foreign to our atmo- 
sphere, and held in it in what may be termed a state of solution, ore 
probably more numerous.and various, though little understood, and from 
their nature, and the n^inute quantities in which they exist, very difficult 
of detection or examination. Various forms of infection^ and malaria or 
;Kiarsh-miasma, are instances of such contaminations, and it is not 
improbable, from the manner in which they appear to be decomposed 
and destroyed by chlorine, that they consist of some hydrogenated com- 
pounds. Dr. Prout {Bridgewater Treatise^ p. 350,) has suggested the 
possibility of some form of selenium being occasionally present in the air, 
so as to produce catarrhal epidemics; and in ffivour of the production of 
diseases by some such foreign matters, adduces the following obser- 
vations which occurred to him during the presence of the epidemic 
cholera. ^‘He had for some years been occupied in investigations 
regarding the atmosphere, and for more than six weeks previous to the 
appearance of cholera in London, had almost every day been engaged in 
endeavouring to determine with the utmost possible accuracy the weight 
of a given quantity of air, under precisely the same circumstances of 
temperature and pressure. On a particular day, the 9th of February, 
1832, the weight of the air suddenly appeared to rise above the usual 
standard. As the rise was at the time supposed to be the result of some 
accidental error, the succeeding observations were made with the most 
rigid scrutiny. On the days immediately following, the weight of the 
air still continued above the standard, and retained its augmented weight 
during the whole time the experiments were carried on, namely, about 
six weeks longer: the increase of weight was small, but still decided and 
real." Dr. Prout then goes on to state, that on the 9th of February the 
wind, which had been previously west, veered round to the east, and that 
precisely on the change of the wind, the first cases of the epidemic chokra 
were reported in London, and that from that time the disease continued 
to spread. I bring forward these observations not only as curious in 
themselves, but as showing, at least one cause of a possible discrepancy 
in the different estimates of the specific gravity of atmospheric air. 

It has already been remarked, that in all common cases of combus- 
tion in atmospheric air, the oxygen enters into new combinations, whilst 
the nitrogen remains passive. In the same way, in the function of 
respiration, a portion of the oxygen is converted into carbonic acid, and 
is expired along with the unaltered nitrogen. This constant consumption 
of oxygen has induced theorists to seek for some method of its restitu- 
tion in a pure state to the atmosphere; and Dr. Priestley suggested the 
functions of the vegetable creation as at least one source of such renova- 
tion. But it appears from the calculations of De Saussure, that in these 
inquiries the enormous bulk or quantity of the atmosphere has been 
forgotten, and that the united effect of the different deteriorating pro- 
cesses would not occasion any sensible difference in the chemical com- 
position of the whole mass for many hundred years. In these specula- 
tions it must always be remembered that the different parts of the 
atmosphere are constantly kept in a unifoim state of mixture, by the 
propensity which gaseous bodies have, notwithstanding material dif- 
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fetencei in their epedfie gionties, to diffiue themselTes equably tlirau|^ 
e^h other, and that this equality of mixture is further promoted by the 
constant agitation to which the air is subjected by winds, and by the 
varied temperature of different portions of the earth’s surface. 

The combustion of substances in the air under ordinary cii^cumstanoes 
will be explained, by reference to the details given in the chapter on 
Oxygen (p. 239). ^me peculiar cases of combustion, however, which 
require more extended notice, have been ingeniously investigated by Sir 
H. Davy. {Essay on Flame^ and Phil. Trans.^ 181 7*) In examining the 
effect of rartfactim upon combustion, he found that when hydrogen gas 
was inflamed at a fine orifice, so as to make a jet of flame of about one- 
sixth of an inch in height, and introduced under the receiver of an air-pump 
containing from 200 to 300 cubical inches of air, the flame enlarged as 
the receiver became exhausted ; and when the gauge indicated a pressure 
between four and five times less than that of the atmosphere, was at its 
maximum of size; it then gradually diminished below, but burned above, 
till the pressure was between seven and eight times less, when it became 
extinguished. ^ 

To ascertain whether the effect depended upon the deficiency of 
oxygen, he used a larger jet with the same apparatus, when the flame 
burned longer, and this when the atmosphere was jrarefied ten times. 
When the larger jet was. used, the point of the glass tube became white- 
hot, and continued red-hot till the flame was extinguished. It therefore 
occurred to him, that the beat communicated to the gas by this tube,' was 
the cause that the combustion continued longer in the last trials when 
the larger flame was used; and the following experiments confirmed 
the conclusion. A piece of wire of platinum was coiled round the top of 
the tube, so as to reach into and above the flame. The jet of gas of one- 
sixth of an inch in height was lighted, and the exhaustion made ; the wire 
of platinum soon became white-hot in the centre of the flame, and a 
small point of wire near the top fused ; it continued white-hot till the 
pressure was six times less; when it was ten times less it continued red- 
hot at the upper part, and os long as it was dull red, the gas, though 
extinguished below, continued to bum in contact with the hot wire, 
and the combustion did not cease until the pressure was reduced thirteen 
times* 

It appears from this result, that the flame of hydrogen is extinguished 
in rarefied atmospheres, only when the heat it produces is insufficient to 
keep up the combustion, which appears to be when it is incapable of 
communicating visible ignition to metal, and as this is the temperature 
required for the inflammation of hydrogen at common pressures, it 
appears that its combustibility is neither diminished nor increased by 
rare&ction from the removal of pressure. 

. According to this view with respect to hydrogen, it should follow 
that, amongst other combustible bodies, those' which require least heat 
for their combustion ought to bum in more rarefied air than those that 
require more heat; and those that produce much heat in their combustion 
ought to bum, other circumstances being the same, in more rarefied air 
than those lhat produce little heat ; and Sir Humphr/s experiments con^ 
firm' these cpnclurions. Thus, olefiant gas> which approaches nearly to 
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hydrogen in the heat produced by iti combustion, and which does not 
require a much higher temperature for its inflammation, when its flame 
was made by a jet of gas from a bladder connected with a small tube 
furnished with a wire of platinum, under the same circumstances as 
hydrogen, ceased to bum when the pressure was diminished between ten 
and eleyen times; and the flames of alcohol and of a wax-taper, which 
require a greater consumption of heat for the yolatilization and decom- 
) position of their combustible matter, were extinguished when the pressure 
was Are or six times less without the wire of platinum, and seren or 
eight times less when the wire was kept in the flame. Light carburetted 
hydrogen, which produces less heat in combustion than any of the 
common combustible gases, except carbonic oxide, and which requires a 
higher temperature for its inflammation than any other, had its flame 
extinguished, even though the tube was furmshed with the wire, when 
the pressure was below one-fourth. 

The flam,e of carbonic oxide, which, though it produces little heat in 
combustion, is as inflammable as hydrogen, burned when the wire was 
used, the pressure being one-sixth. 

The flaifle of sulphuretted hydrogen, the heat of which is in some 
measure carried off by the sulphur produced by its decomposition during 
its combustion in r^e air, when burned in the same apparatus as the 
oleflant and other gases, was extinguished when the pressure was one- 
seventh. 

Sulphur, which requires a lower temperature for its combustion than 
any common inflammable substance, except phosphorus, burned with a 
very feeble blue flame in air rarefied fifteen times, and at this pressure 
the flame heated a wire of platinum to dull redness, nor was it extin- 
guished till the pressure was reduced to one-twentieth*. 

Phosphorus, as has been shown by M. Van Morum, bums in an 
atmosphere rarefied sixty times; and Sir Humphry found tliat phos- 
phuretted hydrogen produced a flash of light when admitted into the 
best vacuum that could be made by an excellent pump of Naim’s con- 
struction. 

The mixture of chlorine and hydrogen inflames at a much lower 
temperature than that of hydrogen and oxygen, and produces a consider- 
able degree of heat in combustion: it was therefore probable that it 
would bear a greater degree of rarefaction, without having its power of 
exploding destroyed ; and this was found by many trials to be actually the 
case, contrary to the assertion of M. dc Grot thus. Oxygen and hydrogen, 
in the proportion to form water, will not explode by the electrical spaik 
when rarefied eighteen times; but hydrogen and chlorine, in the propor^ - 
tion to form muriatic acid gas, gave a distinct flash of light under the 
same circumstances, and they combined with visible inflammation when > 


The temperature of the'atmosphere 
diminishes in a certain ratio with its 
height, which must be attended to in the 
conclusions respecting combustion in the 
upper regions of the atmosphere, and 
the elevation must be somewhat lower 
than in arithmetioal progression^ the 
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Tbe e^q^timent on the flame of4ydrogen with toe wire of platinum, 
and which h<dd8 good with the flames of the other gases, shows, that by 
pre^rvuig heat in rarefied air, or giring heat to a mixture, inflammation 
may ba continued, when, under common circumstances, it would be 
extooguished. This was found to be the case in other instances, when 
the heat was differently communicated ; thus, when camphor was burned 
in a glass tube, so as to make the upper part of the tube red-hot, the 
inflammation continued when the rarefaction was nine times, whereas it 
would only continue in air rarefied six times, when it was burned in a 
thick met^c tube which could not be considerably heated by it. (Davy 
on Flame^ p. 56.) 

The influence of the admixture of other gases with atmospheric air 
upon its power of supporting combustion, is another subject which has 
b^n elucidated by Sir H. Dav/s experiments. He found that a wax- 
taper was instantly extinguished in air mixed with one-tenth of silicated 
fluoric acid gas, and in air mixed with one-sixth of muriatic acid gas ; 
but the flame of hydrogen burned readily in those mixtures; and in 
mixtures in which the flame of hydrogen was ex1;inguished, the flame of 
sulphur burned. 

The following simple expefiment demonstrates this general principle. 
Into a long bottle with a narrow neck introduce a lighted taper, and let 
it bum till it is extinguished ; carefully stop toe bottle, and introduce 
another lighted taper; it will be extinguished before it reaches the bottom 
of toe neck ; then introduce a small tube containing zinc and diluted 
sulphuric acid, at toe aperture of which the hydrogen is inflamed; 
the hydrogen will be found to bum in whateyer part of the bottle the 
tube is plased: after the hydrogen is extinguished, introduce lighted 
iplphvr: this will bum for some time; and after its extinction, phosphorus 
wiU be as luminous as in toe air, and, if heated in toe bottle, will pro- 
duce a pale-yellow flame of considerable density. 

In cases" when the heat required fi^r chemical union is very small, as 
ill to^ imiiance of hydrogen and chlorine, a mixture which prevents 
ioflamm^ion will not prevent combination, u e. the gases will combine 
withoyit any flash. Thus, in mixing two volumes of carburetted hydrogen 
wlto one of chlojriue and hydrogen, muriatic acid was formed throughout 
4i^nilixtore, and heat produced, as was evident from, the expansion when 
toe «pj^ passe^ i^d the rapid contraction afterward, but the heat was 
so qmokly carried off by toe quantity of carburetted hydrogen that no 
flash^f^vas visible. 

'^§tedm, fmd such vapours as require considerable heat for their for- 
mication, have a less power of preventing combustion than permanent gases. 
Sir Davy j^und that ft veiy large quantity of steam vras necessary to 
pr^enO^siplphur frmn bmmingl^ Oxygen and'*hydrogen exploded by toe 
, electee Spark, whto mixed' with five times their volume of steam ; and 
eve%a mixture of uir and carburetted hydrogen gas, toe least explosive 
, iff au mixtures, required a third of steam to prevent its explosion; whereas 
‘^US-fifth of nitrogen produced the effect. (Davy on n. 870 

In too course of the above experiments, Sir ]9uin]^h]7 endeavoured to 
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ascertain wha^ would be the effect of condensation on flame in atmosphe- 
ric air, f^d whether the cooling powdr of the nitrogen would incre^ in 
a lower ratio, as might be expect^, than the heat produced hj the increase 
of the quantity of matter entering into combustion. He found conrider- 
able difliculties in making the experiments with precision; but he ascer- 
tained that both the light and heat of the flames of the taper, of sulphur, 
and of hydrogen, were increased in air condensed four times ; but not 
more than they would have been b]^ an addition of one-fifth of oxygen. 

He condensed air nearly fiye times, and ignited iron-wire to whiteness 
in it by the Voltaic apparatus, but the combustion took place with very 
little more brightness than in the common atmosphere, and would not 
continue as in oxygen ; nor did charcoal bum much more brightly in this 
compressed air than in common air. These experiments show that (for 
certain limits at least,) as rarefaction does nol diminish considerably the 
heat of flame in atmospheric air, so neither does condensation consider- 
ably increase it ; a circumstance bf great importance in the constitution 
of our atmosphere, which at all the heights or depths at which man can 
exist, still preserves the same relations to combustion. 


§ VIII. SULPHUR. 

Sulphur, or brimstone^ is a brittle substance, of a pale yellow colour, 
somewhat translucent, insipid, and inodorous, but exhaling a peculiar 
smell when heated. The antients used it in medicine, and its fumes were 
employed in bleaching wool. (JP/my, lib. xxxv. cap. xv.) Its specific 
gravity is 1.970, to 2.080. It becomes negatively electrical by heat and 
by friction, and is a non-conductor of electricity*. 

Sulphur is chiefly a mineral product, and occurs crystalliitfed, its 
primitive form being a very acute octoedron with an oblique baae.^ ThsiB 
crystals are in a high degree doubly refractive. According to Mitscher- 
lich, it has, when artificially crystallized, a different ' primitive^ ibnn, 
namely, an oblique rhomboic prism. But it is 'occasionally deposited in 
octoSdral and tetraedral crystals from its solutions in alcohol, ether, afid 
from the sulphuret of carbon and chloride of sulphur. 

Native sulphur is principally brought to this country from Sicily^ where 
it occurs in beds, in a blue clay formation^ occupying the central half of 
the south coast of the island, and extending inwards as far as the distrii^ 
of Etna. This blue clay formation is considered by pr. Daubeny of the 
same age wjfh the gypsum bed of Paris, and therefore more recent than 
chi^k. It contains beds of gypsum and of salt, and the sulphur itf in 

• Sulphur, in its ordinary state, ^ways 
contains traces of hydrogen, which it gives 
off during the action of various bodies 
for which it has a powerful attraction. 

Thus, if equal weights of sulphur and 

ce^r, or iron-filings, be introduced into 

a retort, and heated, a portion of s^- 
phuretted hydrogen is evolved at the 
period of their combination. When po- . 
tossium and sulpliur aire heated together, I 


a vivid combustion ensues, and sulpliu* 
retted hydrogen is evened. Rerzeflus, 
by hiSting^lphur with oi^jj^ of ]|eadf 
remukedlhe formation of water, 
such small and indefinite quantiti^ Sir 
induced him to adopt the gefionrily ril* 
ceived opinion, that the presenoe Of 
drogen is aomdental, and that H hnoisiff 
element^of sulphur. 
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places associated with splendid crystals of sulphate of stroutia. The 
supply of sulphur derived almost exclusively from Sicily is enormous : the 
average annual importation into England is between 16 and 17 thousand 
tons, at from 6/. to 10/. per ton. It undergoes a rough purification by 
fusion, and is brought into the market in square or oblong masses or 
blocks. At Bex, in Switzerland, sulphur occurs in the gypsum of the 
salt deposit; and it is found in the^same rock, in many other parts of 
Europe ; generally in beds or masses : in Suabia, and near Schemnitz in 
Hungary, it is found in veins traversing granite and mica slate ; and in 
the same rocks in Quito in Peru : near Gibraltar it occurs in fetid lime* 
stone. Sulphur is also common in the fissures of lava near volcanic 
craters : there is a great deposit of this species of sulphur in the plain of 
the Solfatara near Naples. Sulphur is found abundantly combined with 
certain metals ; the common ores of lead and copper are their sulphurets; 
sulphuret of iron, or pyrites^ is also a very common mineral. 

When sulphur is heated to about 180°, it volatilizes, and its peculiar 
odour is strong and disagreeable; at about 216° it begins to fuse, and 
between 230° and 270°, it is perfectly liquid, and of a bright brownish 
yellow colour ; between 300° and 400° it becomes viscid, and of a deep 
brown colour, but regains its fluidity when cooled ; at higher temperatures 
it again liquifies, and at about 600° it boils, and sublimes in the form of an 
orange-coloured vapour, and may be collected either in a solid or pulve- 
rulent state, according to the rapidity of the process and the size of the 
condensing vessels. (Thenard^ i. 197*) Th© residue is the sulphur mvum 
of old pharmacy. When sulphur, which has been heated to about 300°, 
is poured into w'arm water, it acquires the consistency of soft wax. and 
hardens on cooling. In this state it is sometimes us^^d to take impressions 
of gems and medds ; it is of a reddish colour, and of the specific gravity 
2.3 When slowly cooled after fusion, sulphur forms a fibrous crystalline 
mass ; but Mr. Faraday has remarked that it sometimes retains its fluidity, 
and does not ooncrete till touched by some solid body. This state appears 
somewhat anMogous to that of water cooled in a quiescent state below its 
freezing point. {Qiuarterly Journal^ xxi. 392.) It suffers no change by 
exposure jto air, and is insoluble in water. 

Sulphur is commonly met with in three forms ; namely, 1 . Masshe 
or native sulphur, already mentioned ; 2. Stick or roll sulphur which is 
chiefly obtained from sulphuret of copper in this country, and elsewhere 
abundantly from sulphuret of iron, or common pyrites ; these ores are 
roasted, and the fumes received into a long chamber of brick-work, wkere 
the sulphur is gradually deposited ; it is then purified by fusion, and cast into 
sticks. In this state, if grasped by the warm hand, it splits with a crack- 
ling noise. 3. Sublimed sulphur, or flowers of sulphur^ which is in a pulve- 
rulent form, ai^ procured by condensing the vapour of sulphur rapidly in 
capacious receivers; it ^||fe£g|^culiar pale yellow colour, •^and when 
examined by a microl(^ql|§i olraurs composed of minute crystals ; it is 
always somewhat sour, imd tnemore for certain pharmaceutical purposes 
is directed to be washed with hot water. 

The sulphur of commerce occurs in three prevailing colours, namely, 
demon yellow verging on green, dark yellow, and brown yellow ; these 
shades result from the differen# degrees of heat to which it has been 
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exposed during its fusion or extraction on the great scale, the greenish 
variety haying been the least heated. (The different modes of purifying 
sulphur are described by Dr^ Ure in the first volume of the Royal Insi. 
Journal^ p. 126.) 

For some pharmaceutical purposes sulphur is precipitated from its 
alkaline solutions, by an acid, and when washed and dried, is in the 
form of a yellowish*gray impalpable powder ; it is the milk qf sulphur 
and precipitated sulphur of the Pharmacopceice. Dr. Thomson con- 
siders it as a compound of sulphur and water. {^System of Chemistry^ 
vol. i., p. 286.) 

The purity of sulphur may be judged of by heating it gradually upon 
a piece of platinum leaf ; if free from earthy impurities, it should totally 
evaporate. It should also be perfectly soluble in boiling oil of turpentine. 
(Aikin’s Dictionary^ Art, Sulphur.) According to Dr. Ure, sulphur is 
soluble ill ten times its weight of boiling oil of turpentine at 316^, 
forming a solution which remains clear at 180^. As it cools to the 
atmospheric temperature, crystalline needles form, which may be washed 
with cold alcohol or tepid water. The usual impurities of the sulphur, 
which are carbonate and sulphate of zinc, oxide and sulphuret of iron, 
sulphurct of arsenic, and silica, ^vill remain unaffected by tJjLe volatile oil, 
and may be separately eliminated by the curious, though such separation 
is of little practical importance. 

Sulphur dissolves with some difficulty in alcohol : to effect this solu- 
tion both substances should he brought together in the state of vapour ; 
ill the same way it 4 nay be dissolved in sulphuric ether. 

It appears from the statements of Dumas and of Mitscherlich that the 
density of sulphur vapour is aboiit 6.6 (Ann, de Chiin, et Phys.^ 1. 170, 
and Iv. 5,) so tliat supposing it to exist in the state of vapour at mean 
temperature and pressure, 100 cubic inches would weigh 206. grains, and 
its specific gravity to hydrogen would be as 96 to 1. 

When heated in the atmosphere to a little above 300^, sulphur infiaraes 
and burns with a peculiar blue light ; at a higher temperatufe its vapour 
kindles with a purple flame ; and in oxygen it bums vividly, with a large 
lilac-coloured flame. 

Sulphur and Pxygen. There arc four definite compounds of sulphur 
and oxygen, all of which rank among the acids ; namely, 1 . Sulphurous 
acid-; 2. Sulphuric acid ; 3. Hyposulphurous acid ; 4, Ilypohulpliuric 
acid. 

Sulphurous Acid. (5+2 0), or $, This acid was first examined by 
Stahl, who called it phlogisticated sulphuric acid, Scheele, in 1774, 
pointed out a method of obtaining it; and about the same time, Priestle}? 
procured it in the gaseous form, and ascertained its leading properties. 
Behhollet examined it in 1762, and 1789. (M^m, Paris, 1782, and Ann, 
de Chim,^ ii. 64); and in 1797, Fourcroy 'Iteqneiin published a,^e- 
tailed series of experiments upon it. {Anf^te xxiv. 229.) Some 

experiments on it were also published by Dr. Thomson in 1803. 
(Nicholson’s Journal^ vi. 93). 

At common temperatures and pressures sulphurous acid is a gaseous 
body, which may be obtained by several processes. It may be proeuied 
directly, by burning sulphur in oxygen* gas ; .or indirectly, by boiling two 

2 E 2 
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parts of mercury in three of sulphuric acid ; or by heating, in a retort, a 
mixture of equal parts of black oxide of manganese and sulphur. It must 
be collected and preserved over mercury; for water takes up rather more 
than thirty times its bulk of this gas. 

The specific gravity of sulphurous acid gas is 2.22, and 100 cubical 
inches weigh between 68 and 60 grains. Its specific gravity compared 
with hydrogen is as 32 to 1. 

Sulphurous acid is one of the most easily condensible of the gases. 
Monge and Clouet found, that at the freezing point, and under pres- 
sure, it assumed a liquid form ; the experiments of Faraday place 
the pressure required for this purpose,' at two atmospheres. M. 
Bussy {Ann, of PhiL^ viii. 307* N. S.) has shown that this acid may be 
obtained in the liquid fonn at common atmospheric pressure, by passing 
it through tubes surrounded by a freezing mixture of salt and snow. 
(Faraday's Manipulalion^ p. 215.) In this state it is a limpid liquid 
of the sp. gr. of 1.45. It boils at 14°, and evaporates with such 
rapidity at common temperatures, as to generate a great degree of cold ; 
by its aid mercury may easily be frozen, and it produces cold enough to 
liquefy chlorine, ammonia, and cyanogen. 

When sulphur is burned in pure and perfectly dry oxygen, sulphurous 
acid is produced, without any change in the volume of the gas, so that 
its composition is learned by the increase of weight ; and as 100 cubic 
inches of oxygen dissolve between 34 and 35 grains of sulphur, it is 
obvious that sulphurous acid is composed of equal weights of sulphur 
and oxygen ; or of ♦ 

Benelii'S. 

Sulphur . . I . . 16 . . 60 . . 49.968 

Oxygen . . 2 . . 16 . . 50 . . 50.032 

T 32 100 100.000 

According to Mitscherlich’s estimate of the specific gravity of 
sulphur vapour, sulphurous acid consists of 100 volumes of oxygen gas, 
and 16.6 of the vapour of sulphur, condensed into 100 volumes. 

Sulphurous acid gas has a sufibcating odour; it extinguishes the 
flame of a taper, and kills animals. At mean temperature and pressure, 
receiftly boiled water takes up about 33 volumes of sulphurous acid gas ; 
the solution has a sulphurous and somewhat astringent taste, and it 
bleaches many vegetable colours ; but, by keeping, it acquires a sour 
flavour, and reddens the generality of vegetable blues. Upon some 
colouring matters, as that of cochineal, it has little action ; and when it 
does destroy colour, the original tint may often be restored by a stronger 
acid. A red rose, for instance, is bleached by dipping into a solution of 
sulphurous acid; but the colour is restored by immersion in dilute 
sulphuric acid. According to Qrotthus, the sulphurous acid and certain 
co^j^uring matters combine into colourless conipounds,, yirbich are decom- 
po sed by more powerful^d^. When this aqueous solution is boiled, 
sulphurous acid gas escapes, but not when it is frozen. Its specific 
gravity at 60°is 1.05. Alcohol dissolves sulphurous acid more copiously 
than water ; one volume taking up more than 100 of the gas.^ 

Pure liquid sulphurous acid (that is,, the condensed gas,) suffers no 
decomposition by the Toltaic current, but when dissolved in water the 
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solution yields oxygen at the anode, and hydrogen and sulphur at the 
cathode. A solution containing' sulphuric acid in addition, is a better 
conductor : it gives very little gas at either electrode : that at the anode 
is oxygen, that at the cathode pure hydrogen, and from the cathode 
arises a white turbid stream consisting of diffused sulphur. I conclude 
that the sulphurous acid was not affected by the electric current, and 
diat the water only was electrically decomposed : that at the anode the 
oxygen from the water cpn verted the sulphurous into sulphuric acid ; 
and at the cathode, the hydrogen, electrically evolved, decomposed the 
sulphurous acid, combining with its oxygen, and setting the sulphur 
free : that the sulphur at the negative electrode was only a secondary 
result." (Faraday, Phil. Trans.^ 1834, p. 97-) 

Sulphurous acid suffers no change at a red heat; but if mixed with 
hydrogen, and passed through a red-hot tube, water is formed and 
sulphur deposited; under the same circumstances,* it is also decomposed 
by charcoal, by potassium, and sodium, and probably by several other 
metals. It undergoes no change when mixed with oxygen, unless 
humidity or water be present, in which case a portion of sulphuric acid 
is slowly formed. When mixed mth chlorine, and in contact with 
water, sulphurous acid gives rise to sulphuric and muriatic acid, but tiie 
perfectly dry gases have no mutual action. Peroxide of lead, or of 
manganese, added to the aqueous solution of sulphurous acid, convert it 
into sulphuric acid, and destroy its odour. Prepared by the combustion 
of sulphur, it is much used for bleaching cotton goods (J^uarterly Journal 
of Science^ iv. 196), and also for whitening silk and wool: in wine 
countries it is sometimes used to check vinous fermentation. With 
moist nitrous acid vapour, or with liquid nitrous acid, it forms a peculiar 
crystalline compound which will be referred to under the head Sul- 
phuric Acid. 

Sulphurous Acid and Ammonia. Sulphite op Ammonia. { S +^ 0 ) 
■Hn+afv) or S + A. When sulphurous acid is mixed in equal volume 
with ammonia, a yellowish salt is produced, which is a sulphite of 
ammonia^ and which consists of 32 sulphurous acid + 17 ammonia = 
49. When formed by saturating liquid ammonia with sulphurous acid, 
it crystallizes in four and six-sided prisms, soluble in their own weight 
of water, and having an acrid taste. It is deliquescent, and becomes a 
sulphate by exposure to air. It is decomposed, and sulphurous acid 
expelled by all the stronger acids : this, indeed, is a general character of 
all the sulphites. 

Sulphuric Acid. (S + 3 O) or Sf, — This important acid was 
formerly chiefly obtained by the distillation of sulphate of iron, or 
green vitriol^ and was, therefore, Itermed oil of vitriol. It is now almost 
exclusively procured in this country by the combustion of a mixture 
of about 6ight parts of sulphur and one of nitre. The history of its dis- 
covery has already been adverted to (p. 19). The process of its manu- 
facture is generally conducted nearly as follows: The mixture of sulphur 
and nitre is burned in a furnace, so placed that the resulting fumes may 
pass into a capacious leaden chamber (frequently 100 feet long, 20 to 
30 feet wide, and 10 to 16 feet high), the floor of which is covered with 
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water; iu many works several of these chambers, or houses^ they are 
termed, are ranged side by side in covered buildings. The fuuies pro- 
duced by the combustion of the mixture are absorbed by the water, 
which gradually becomes more and more sour, and is, in fact, a diluted 
sulphuric acid; when it has thus acquired a certain specific gravity ; it is 
drawn off into shallow leaden boilers, or evaporators, where it is evapo- 
rated till it acquires the specific giRvity of ^. 70 , at which density the 
acid would begin to act upon the lead, and the heat required for its 
further evaporation would endanger the softening of the metal ; in that 
degree of concentration, therefore, the acid is run off into boilers, or rather 
into stills of platinum, which ai‘e set upon cast-iron, and in which the 
further boiling down of the acid is continued until it attains the specific 
gravity of 1.84; it is then drawn off by a syphon into a platinum cistern 
or cooler, and is thence transferred into carboys^ or large bottles pro- 
tected by basket-work, each holding about 100 pounds of the acid. 
Before the introduction of platinum vessels for this purpose, the latter 
evaporation was perfonned in glass retorts, the lifting and emptying of 
which, when containing many pounds of the acid, was a very hazardous 
operation; the price of the acid fell, in consequence, from fourpence to 
about threc-hal^ence, or less, per pound. The manufacture of sulphuric 
acid is carried on upon a most extensive scale in Great Britain ; the quantity 
annually produced, probably not falling far short of 45 to 50 thousand tons, 
or about one hundred million of pounds, which, at the estimated value of 
ten shillings per cwt., amounts to above 500,000/. 

The great consumers of sulphuric acid are the manufacturers of soda 
from common salt, and of chlorine or chloride of lime, for the use of 
bleachers; there are also many chemical products dependent upon it, such 
as citric, tartaric, nitric, and muriatic acids ; sulphate of soda, and sulphate 
of magnesia; and others of less note; it is also in constant demand by 
dyers, calico-printers, bleachers of various materials, the manufaeturers 
of blacking, of soda-water, of various pigments, and by the refiners of 
gold and silver, and the purifiers of oil and tallow. 

Sulphuric acid, as it usually occurs, is a limpid, inodorous, colourless 
fluid, of an oily consistence, and of the specific gravity of about 1 .84. Dr. 
Ure observes Aat he has frequently boiled the pure acid till only one-half 
remained in the retort; yet at the temperature of 60® Fahrenheit, has 
never found the specific gravity of acid, so concentrated, to exceed 1.8455. 
The number 1.850, which has been assigned for the density of pure oil 
of vitriol, is erroneous, and ought to be coiTected. Genuine commercial 
acid should never surpass 1.8455 ; when it is denser, we may infer sophis- 
tication, or negligence, in the manufacture. 

Sulphuric acid boils at a temperature of about 620®, which, therefore, 
approaches a red heat, and distils over without decomposition. Its boiling- 
pomt diminishes with its dilution; when of the specific gravity of 1.78 
it boils ut 4&6®i ond at 360®J when its specific gravity is 1.66. (Daltons 
Chem. PhiL^ ii., 404.) In illustration of its fixedness at all common 
temperatures, M. Bellani placed a piece of zinc foil in the upper part of 
a closed bottle, the bottom of which was covered with the concentrated 
acid: the metal retained its bright surface at the end of two years. The 
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concentrated acid freezes at —15, and at the same time contracts 
considerably in its dimensions; acid of the specific gravity of 1.78, 
on the contrary, freezes at + 40, but if the density be either increased 
or diminished, a greater cold is required for its congelation. (Macnab, 
Phil. Trans.^ vol. Ixxvii., and Keir, Phil. Trans.^ vol. Ixxviii.) 

Sulphuric acid is intensely acrid and caustic; it acts speedily upon 
the cuticle, occasioning a biting sensation, and a soapy feel of the part: its 
taste, even when very latgely diluted, is extremely sour, and it powerfully 
reddens litmus. It has a strong attraction for water, so that when exposed 
for a short time to air, it absorbs aqueous vapour from the atmosphere 
and increases rapidly in bulk; in moist weather three parts increase to 
four in the course of 24 hours, and by longer exposure, a much larger 
quantity of water is taken up, so that the acid requires to be preserved 
in well-stopped vessels. It is this property which renders it applicable 
to the drying of certain gases, and to the purposes of evaporation and 
desiccation under the exhausted receiver of the^ir-pump; and hence the 
cold produced in the experiment described at p, 168. When sulphuric 
acid is suddenly mixed with water, mutual condensation ensues, much 
heat, therefore, is evolved: (p. 15}.) Four parts of acid and one of 
water produce, when thus mixed, a temper§,ture = 300°. According to 
Dr. Ure, the greatest heat is evolved by mixing 73 of acid with 27 of 
water, lilvcn a boiling tcmperatui*e does not prevent sulphuric acid 
taking up moisture from the air; hence it cannot be concentrated so well 
in an open as in a close vessel ; on which account retorts of glass, or 
platinum-stills are used for the last stage of its concentration by the 
manufacturers. 

Sulphuric acid possesses intense chemical powers; it displaces the 
greater number of other acids from their combinations ; and, probably in 
consequence of its strong affinity for water, it chars most animal and 
vegetable substances, and acquires a brown tinge from the smallest par- 
ticles of straw, cement, or even dust, that accidentally fall into it: it 
appears capable of dissolving small portions of charcoal, and also of 
sulphur, tellurium, and selenium; these substances give it various tints 
of brown, red, and green, or blue. When sulphuric acid is dropped into 
a concentrated and hot solution of iodic acid, crystals form, which have 
been termed iodo-sulphuric acid; they are probably hydrated iodic acid. 
(See p. 343.) 

When heated with charcoal, sulphuric acid gives rise to the production 
of carbonic and sulphurous acids ; with phosphorus it produces phosphoric 
and sulphurous acids; and, with sulphur, sulphurous acid is the only 
product. It is decomposed by several of the metals, i^ch become 
oxidized, and evolve sulphuroug acid, as shown in the proauction of this 
acid, by boiling sulphuric acid with mercury, tin, lead, &c. When metals 
are dissolved in diluted sulphuric acid, the waWr only is decomposed, and 
its oxygen, being transferred to the metal, forms a metallic oxide^ which 

unites to the sulphuric add to form a sulphate^ whilst the hydrogen is 
evolved in the gaseous form. 

It appears from Mr. Faraday’s experiments {Phil. Trans. ^ 1834, p. 82), 
that sulphuric acid is not electrolysable, and that the anhydrous add is 
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Jiot a conductor. The appearance of sulphur^ i¥hen the common acid is 
subjected to the action of a powerful battfry, at the negatire pole, is 
referable to a secondaiy action, (p. 284.) 

The presence of sulphuric acid, either free or in any soluble combina- 
tion, is detected by solution of baryta: if, for instance, a solution of 
chloride of barium be added to any Hquid containing sulphuric acid or a 
sulphate, a white precipitate frills, which is sulphate of baryta^ and is 
cha^terized by its insolubility in acids and alkalies. 117 purts of 
diy sulphate of baiyta are equivalent to 40 of dry sulphuric acid. 

A variety of experiments have been made to determine the composi- 
tion of sulphuric acid, among which, those of Berzelius and Gay Lussac 
are the most unexceptionable and accurate, and the result of their ex- 
periments is, that the liquid sulphuric acid (specific gravity 1.84) is a 
compound of one atom^ (or proportional) of dry or anhydrmis sulphuric 
acid, and one of water. 

Anhydrous SulphuRic Acid. When sulphuric acid was procured 
by the distillation of green vitriol, it was frequently observed that a portion 
concreted into a white mass of radiated crystals. The same substance has 
also been remarked as occasionally formed in the acid of the English 
manufricturers. It has beei^ called glacial or fuming sulphuric acid^ 
and is considered . as the pure, or anhydrous acid. When crystallized 
green vitriol, or protosulphate of iron, is exposed to a dull red beat, it 
crumbles down into a white powder, and loses the greater part of its water 
of crystallization. (See Sulphate of Iron,) In this state it is put into a 
coated earthen or green glass retort, and gradually exposed to an intense 
red or even white heat: a dark-coloured acid liquor distils over, of a 
specific gravity of about 1.89, which has been called Nordhausen^ or 
German sulphuric acid, which smokes when exposed to air, from the 
escape of the highly volatile dry sulphuric acid, which is united in the 
brown liquid with a portion of hydrated acid. This brown, Aiming acid, 
is in request as a ready and perfect solvent of indigo. 

The dry or anhydrous sulphuric add may be separated from the brown 
liquid, by careful distillation from a retort into a dry and cold receiver; 
it passes over in drops, which concrete, on cooling, into a tenacious 
crystalline mass. This acid is liquid at a temperature above 66^; and at 
78° its specific gravity, according to*Bussy, is 1.97. (Journal de Phar- . 
made, x., 368.) When it has once congealed it is difficult to fiise it, 
because the first portions heated become vapour, and propel the rest for- 
ward; by slight pressure, however, this may be prevented. When kept 
in a temperature between and 80° it gi^ually liquefies. At a tem- 
perature somewhat above this, which, however, has not been accurately 
determine^% passes into the state of colourless vapour. In the absence 
of all moisture, it has no action upon litmus paper. It dissolves sulphur, 
forming brown, green, or blue compounds, according to the quantity taken 
* up; when. water is added, the siidphur is deposited. It also dissolves 
i(^ine, forming. with it a blue-green solution. Passed through a red-hot 

porcel^ tube, anhydrous sulphuric acid is resolved into one volume of 
oxygen and two of sulphurous acid. Caustic lune or baryta heated in its 
vapour, become ignited, and converted into sulphates. The attraction of 
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this anhydrous acid for wa^|r is such as to produce intense heat, and a 
hissing noise, when small portions of it are thrown into that fluid; and if 
a sufficient quantity of it be added to such a proportion of water as is 
required to convert it into hydrated acid, they combine with heat, 
light, and explosion. ’ 

The liquid acid, from sulphate of iron, yields about one-fourth its 
weight of anhydrous acid by distillation; but if this cannot be procured, 
the anhydrous acid may be obtained, according to Berzelius, by the dis- 
tillation of such other sulphates as easily part with their acid: those 
sulphates which require a very elevated temperature, are less fit for the 
purpose, because the acid is then apt to be resolved into sulphurous acid 
and oxygen. Bisulphate of soda, or persulphate of iron, may thus be 
employed. The former may be made by mixing in a crucible three parts 
of thoroughly-desiccated sulphate of soda with two of common sulphuric 
acid, and heating them till the ebullition occasioned by the escape of 
water has ceased. The resultipg dry mass is* then to be pulverized, 
transferred to a porcelain retort, and distilled at a red heat ; the acid 
which passes over maybe collected in a receiver cooled by. ice: it is 
generally of a dark colour, which appears to arise from dust accidentally 
present, A persulphate of iron, applicable to the same purpose, may be 
procured by mixing finely powdered peroxide of iron into a thin paste 
with common sulphuric acid, and gradually heating it (below redness) 
till they combine into a saline mass, which is to be powdered and sub- 
jected to distillation as before. The acid thus obtained generally contains 
a little water, and if it crystallizes, it forms brittle foliaceous crystals. 
Carefully distilled by a gentle heat, the anhydrous acid passes over, and 
common liquid acid (hydrated) remains in the retort. 

It appears, then, that this extraordinary substance, which is thus 
volatile and easy of liquefaction, forms, by combining with water, the 
fixed and difficultly-congealable liquid which we commonly term sulphuric 
acidy and that it contains sulphur and oxygen in the same proportions as 
they exist in the dry sulphates. From its resolution when passed through 
a red-hot tube, into one volume of sulphurous acid and half a volume 
of oxygen, and likewise from the experiments of Berzelius upon the 
direct acidification of sulphur, it appears that anhydrous stdphuric acid 
consists of, 

Bmelius. 

Staphnr 1 . . 16 . . 40 . . 40.14 

Oxygen 3 . . 24 . . 60 . . 59.86 

1 40 100 100.00 

And the liquid^ hydrous^ or aymmon sulphuric 

Dry sulphuric acid 1 . 40 . 

Water „ 1.9. 

I 49 100.00 100 


acid consists of 

Davy and 
Dalton. 

81.63 . 81 

18.37 19 
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Having thus stated the properties and composition of the anhydrous, 
and of the common sulphuric acid, we may now revert to the ih^ry of 
iis formation in the process of the comhustion of sulphur and nitre. It 
had been often supposed that the nitre merely yielded oxygen directly to 
the sulphur and so effected its perfect acidification ; but the circumstance 
of the small quantity of nitre that is required, and of the production of 
sulphurous and not sulphuric acid, when sulphur is either burned , alone 
in pure oxygen gas, or when it is heated with peroxide of manganese 
and other substances which readily impart oxygen, seemed to indicate 
some Other power possessed by the nitre; that this is the case was proved 
by the experiments of Clement and Desormes, (^Ann, de Chim,^ Lix.) 
and by Sir H. Davy, {Elements of Chem, Philos, y 276,) to whom we owe 
the following explanation of the phenomena. 

The sulphur by burning in contact with atmospheric air forms sulphu- 
rous acid; the nitre is at the same time decomposed, and yields nitrous 
acid. When these vapburs (i, e,, sulphurous and nitrous acids) arfe per- 
fectly dryy they do not act upon each other, but moisture being present 
in small quantity, they form a white solid, which is instantly decomposed 
when put into >vater ; the nitrous acid reverts to the state of nitric oxide, 
having transferred one additional proportional of oxygen to the sulphurous 
acid, and, with water, producing the sulphuric acid ; w hile the nitric 
oxide, by the action of the air, again afford nitrous acid, which plays the 
same part as before. 

Sulphurous acid consists of And nitrous acid contains 


Sulphur. 


16 

Oxypeii. 

a 


8 


16 + 16=32 


Nitrogen. 

14 

Oxygen. 

8 

8 


8 

8 


32+14=46 


Hence every tivo proportionals of sulphurous acid require one nitrous 
acid, which transfers two of oxygen, and passes back into the state of 
nitric oxide, sulphuric acid being, at the same time, produced. 

The gases, therefore, before decomposition, may be thus repre- 
sented: — 


Sulphur. 


16 

Oxygen 

8 



Nitrogen. 

Oxygen. 

8 


Sulphur. 

8 


14 

8 


16 

8 

h 



8 

r 


8 

f ^ 


8 



Two proportionals of One proportional of 

SttlphuTouii Acid. Nitrous Acid. 
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And after decomposition ds follows : — 


Sulphur. 


16 

Oxygun. 

8 



8 

.24 

Siilphiir. 

8 


16 

Oxyjieu. 

j 


8 

/24 


8 



Two pruportiouals or 
Sulphuric Acid. 


Niirogeii. 

L4 


Oxygen. 

8 


One proportioiinl of 
Nitric Oxide, 



J 


Or the changes may he thus represented more briefly in symbols; namely 
two proportionals of sulphurous acidy and one of nitrous acidy 2 ( 54 - 20 ) 
+ (?l -f ^ 0), become two proportionals of sulphuric acidy and one of nitric 
oxidcy 2 (54- 3 0) 4“ +2 0). 

When liquid hyponitrous acid is mixed with sulphuric acid, a crystal- 
lized compound of the two acids is formed, provided the temperature be 
not too high, which, when put into water, evolves nitric oxide gas, and 
is, according to Gay Lussac, analogous to the above-mentioned substance 
produced by mixing humid sulphurous and nitrous acid gases {Ann, de 
Chim. et Fhys,y i. 408.) 

It has long been an object with the manufacturer to obtain sulphuric 
acid without the aid of nitre, and a patent has been obtained for a process 
of this kind, invented by Mr. Hill. It consists in submitting coarsely- 
powdered iron pyrites (bi-sulphuret of iron) to a red heat, in cylinders 
communicating with a leaden chamber containing wuter ; part of the 
sulphur, as it burns out of the pyrites, appears at once to pass into the 
state of sulphuric acid ; with the help of nitre the pyrites might perhaps 
be moi« economically employed. 

In consequence of the great consumption of sulphuric acid, it is highly 
important to the consumer to be able to judge of its value and purity : 
the specie gravity may generally be depended upon as indicative of its 
strength, and we have several valuable tables showing the quantity of 
real or dry sulphuric acid contained in the liquid or diluted acid of various 
specifle gravities. • 

Mr. Dalton {New System of Chemical Phihsophyy vol. ii. p. 404) 
has published a Table, exhibiting the specific gravity and boiling- 
point of the acid of various strengths. Dr. Ure has also given sevei^ 
tables relating to this subject, in his Experiments to determine the Law 
of Progressiofi followed in the Density of Sulphuric Acid at different 
Degrees Dilution {duarterly Journal of Science and the ArtSy vol. iv. 
p. 114.) Sec, also, lire’s Dictionary y Art. Acid (Sulphuric.) An 
extremely useftil table of this kind will also be found in Parkes’s Essays 
(vol. ii., p. 444.) 
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: is Dr. Ure's Table: — 


Liq. 

Sp.Gr. 

Dry. 

Liq. 

Sp. Gr. 

Dry. 

Liq. 

Sp. Gr. 

Dry. 

100 

1.8486 

81.64 

66 


63.82 

32 

1.2334 

^m\ 

99 

1.8475 


65 

1.6390 


31 


25.28 

98 



64 

1.5280 

52.18 

30 

1.2184 

24.46 

mm 

1.8439 


63 

1.5170 

51.37 

29 


23.65 



78.28 

62 



28 


22.83 


1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1966 



1.8336 

76.66 

mm 

1.4860 

48.92 

26 

1.1876 

21.20 

93 


76.83 

59 

1.4760 

48.11 

25 

1.1792 

mEM 

92 

1.8233 


58 

1.4660 

47.?9 

24 


19.57 

91 

1-8179 


67 

1.4660 

46:48 

23 

1.1626 

18.76 

90 

1.8116 

73.39 

56 

1.4460 

45.66 

22 

1.1649 

17.94 

89 


72.67 

55 


44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

64 

1.4265 


mm 

1.1410 

1&3I 

87 

1-7870 


53 

4.4170 

43.22 

19 

1 1330 

15.49 

86 

17774 


52 



18 


14.68 

85 

1-7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1-7670 

68.49 

50 

1.3884 


16 


mEsm 

83 

1-7466 

67-68 

mm 


39.95 

15 


12.23 

82 


6686 

48 

1.3697 

39.14 

14 


11.41 

81 

1-7246 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 


1.7100 

65.23 

46 


37.51 

12 


9.78 

79 

1.6993 

64.42 

45 


36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

36.88 

IHlS 

1.0682 

816 

77 

1.6760 

62.78 

43 

1.3266 


9 

1.0614 

7.34 

76 

16630 

61.97 

42 

1.3165 

34.26 

8 

1.0544 

6.62 

76 

1-6620 

61.15 

41 




HTFrl 

6.71 

74 

1-6416 

60.34 

mm 

1.2999 




4.89 

73 

1.6321 

59.52 

39 

1.2913 



liml 

4.08 

72 

1.6204 

58.71 

38 

1.2826 



liffl 

3.26 

71 

1.6090 

67-89 

37 



3 

1.0206 

2.446 

70 

1.5975 

57-08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

I 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1.2490 

27.72 




67 

1.5648 

54.63 

33 

1.2409 

26.91 





In ascertaining the specific gravity of sulphuric acid, the temp/srature 
requires minute attention, because from the small specific heat of the 
acid it is easily affected, and because it greatly influences the density. 
On removing the thermometer from the acid, it speedily rises in the air 
to 75 ® or 80®, though the temperature of the apartment be only 60 ; 
afterwards it slowly falls to 60®. If this thermometer,' having its bulb 
cohered with a film of dilute acid (from absorbing atmospheric moisture), 
be plunged into a strong acid, it lise 10® 'or more, and an elevation 
equal to 10® diminishes the density of oil of vitriol by 0.005; 1000 
parts being heated from 60® to 212®, become 1043 ■ in volume, and the 
sp. gr. which was 1.848, falls to 1.77^9 being the number corresponding 
to'a dilution of 14 per cent, of water. 

. But it is also necessary to ascertain that the sulphuric acid under 
examination leaves no residue on evaporation*; it often holds sulphate 

* If the add of ccnmnerce contain turbid on dilution, so that its remainihg 
dissolved sulphate of lead, it hecomes clear when mixed with water is some 
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of potassa in solution, 2.5 per cent, of which increases the specific gravity 
of the concentrated acid to 1 .860 ; hence the necessity, where accuracy 
is required, of determining the value of the acid by its saturating power. 
For this purpose, a given weight of the acid is diluted with six or eight 
parts of water, and pure anhydrous carbonate of soda added until the 
solution is exactly neutral (see Alcalimetry). Every 54 parts of such 
carbonate of soda required for this purpose, are equivalent to 40 parts of 
the anhydrous acid, or to 49 of the liquid sulphuric Jicid, or oil of viti-iol, 
of the specific gravity of 1.84. 

For some purposes of delicate chemical research, it is necessary to 
purify the acid by distillation, and this operation requires much precau- 
tion, when conducted in retort, in consequence of the violent 

jerks which the production of its vapour occasions, and which often 
break the vessel; this may be prevented by. putting some strips of 
platinum into the acid ; it thep boils quietly, and it is only necessary to 
take care that the neck of the retort and receiver are not broken in 
consequence of the high temperature of the condensing acid. Tliis very 
useful contrivance to the practical chemist was shown me many years 
ago by Sir James South. 

Dr. Ure has the following remarks on the distillation of this acid : — 
“ I take a plain glass retort, capable of holding from two to four quarts 
of water, and put into it about a pint measure of the sulphuric acid, 
(and a few fragments of glass,) connecting the retort with a large 
globftlar receiver, by means of a glass tube four feet long, and from one 
to two inches in diameter. Tlie tube fits very loosely at both ends. The 
retort is placed over a charcoal fire, and the flame is made to play gently 
on its bottom. When the acid begins to boil smartly, sudden explosions 
of dense vapour rush forth from time to time, which would infallibly 
break small vessels. Here, however, these expansions are safely per- 
mitted, by the large capacity of the retort and receiver, as well as by 
the easy communication with the air at both ends of the adopter tube. 
Should the retort, indeed, be exposed to a great intensity of flame, the 
vapour will no doubt be generated with incoercible rapidity, and break 
the apparatus. But this accident can proceed only from gross impru- 
dence. It resembles, in suddenness, the explosion of gunpowder, and 
illustrates admirably Dr. Black’s observation, that, but for the great 
latent heat of steam, a mass of water, powerfully heated, would explode 
ori reaching the boiling temperature. I have ascertained, that the 
specific caloric of the vapour of sulphuric acid is very small, and lienee 
the danger to which rash operators may be exposed during its distillation. 
Hence, also, it is unnecessary to sqrround the receiver with cold water, 
as when alcohol and most other liquids are distilled. Indeed the appli- 
cation of cold to the bottom of the receiver generally causes it, in the 
present operation, to crack. By the above method, 1 have made the 
concentrated oil of vitriol flow over in a continuous slender stream, 
without the globe becoming sensibly hot.” 

proof of its purity, as far at least as lead capsule, and evaporate it ; if it leaves 
is concerned. The simplest mode of more than one psr csn/. of solid residue, 
judging of the purity of this acid is to it has probably beenint^onaUy sophis- 

mtroduce a given weight into a platinum ticated. 
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Cases of poisoning by sulphuric acid are not unfrequent ; the best 
antidotes are copious draughts of chalk and water, and of carbonate of 
magnesia and water. (Orfila.) 

Native Sulphuric Acid has been found by Professor Baldassari, in 
the cavities of a smalLyolcanic hill, called Zoccolino, near Sienna. 

Sulphuric Acid Alto Ammonia; Sulphate of Ammonia ; Glauber's 
SECRET Sal-ammoniac. (S'+ A.) This salt may be obtained by passing 
ammonia into sulpliuric ^acid ; but it is usually prepared by saturating 
dilute sulphuric acid with carbonate of ammonia^ or by decomposing 
muriate of ammonia by sulphuric acid. This.salt is important as a source 
of muriate of Ammonia^ which is obtained by sublimation from a 
mixture of common salt and sulphate of oH^jjfnomu; by this process sul- 
phate of soda is also formed. (See Sodium.) For these purposes the 
ammoniacal liquor of gas-works, produced during the destructive distilla- 
tion of coid, and the, impure carbonates of ammonia, formed by the 
distillation of bones and other refuse animal matters, are saturated by. 
sulphuric acid, and the sulphate of ammonia purified by crystallization. 

Sulphate of ammonia, in its driest state, retains, according to Dr. 
Ure, one proportional of water. In its common form of six-sided pris- 
matic crystals, it contains, according to Berzelius, two proportionals of 
water, being composed of 

B<m zuHus. 

Ammonia . . . 1 . . 17 • . 22.7 • • 22.(; 

Sulphuric Add . I . . 40 . . 5:i.3 . . 53.1 

Water . . . . 2 . . 18 . . 24.0 . . 24.3 

1 75 100.0 100.0 

It is soluble in two parts of water at 60*^ and in one at 212°. Its 
taste is bitter and pungent. When heated, it melts and in part sublimes, 
ammonia is given off, and a super-sulphate remains, consisting of 2 pro- 
portionals of acid 4- 1 of ammonia. 

Native Sulphate of Ammonia is sometimes found in volcanic pro- 
ducts ; it occurs in stalactitic concretions of a whitish or yellowish colour^ 
and covered with a white efflorescence; it has thus been procured from 
fissures in the earth surrounding certain small lakes in Tuscany, near 
Sienna; and among the products of Etna and Vesuvius; it has been 
termed by Karsten Mascagnine from the name of its discoverer. 

Hyposulphurous Acid. ( a S s 0) or 5. The existence of an acid 
compound of sulphur and oxygen, containing one atom of sulphur and one 
of oxygen (16+8=24) was first inferred by Dr. Thomson, in 1817, and 
the salts containing such a combination were originally described Ky Gay 
Lussac {Ann. de Ckim. lxxxv), under the name of sulphuretted sulphites. 
liiggins atid Berthollet had previously found that iron and zinc might be 
dissolved in aqueous sulphurous acid, without any evolution of hydrogen 
gas, and that they formed peculiar colourless crystallizable salts, which, 
acted:^ upon by certain other acids, evolved' sulphurous acid and sulphur. 
By exposing hydrosulphuret of soda in solution to the air, Vanquelin 
obtained an analogous compound of soda. Thomson first suggested the 
existence of a peculiar acid composeef of sulphur with a minimum of 
oxygen^ in these compoiuids, in 181 7 {S^st. of Ckem.)^ and they were 
afterwards examined with much precision and ability by Herschel. 
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(Edin, Phil. Jour i.) This acid has not been examined in a separate 
state, though Berzelius has suggested the probability of its existence in 
some of those peculiar coloured compounds of anhydrous sulphuric acid 
and sulphur, which have been above adverted to. When we attempt to 
decoihpose its compounds in the humid way, sulphurous acid escapes, and 
sulphur is precipitated. By adding slight excess df sulphuric acid to a 
dilute solution of hyposulphite of strontia. Sir John Hersckel succeeded 
in separating the acid, but it very soon began Jo undergo spontaneous 
decomposition, and was immediately resolved into sulphurous acid and 
sulphur by heat. 

Hyposulphurous acid is formed when sulphites are digested in close 
vessels, with sulphur; or whei^" solutions of the sulphurets of the alkaline 
bases are exposed to the air till they become colourless: it is also pro- 
duced by the action of zinc or iron->filings upon the solution of sulphurous 
acid in water, and from these salts it may be transferred to several other 
bases. In the first case, tlie oxygen of tlie sulphurous acid divides itself 
between the original and the newly-added sulphur. In the latter, the 
zinc or iron combine with half the oxygen of the sulphurous acid; and 
the other half, remaining in combination with the sulphur, forms the 
new acid. 

It has been shown by Rose (Poggendorflf*s Annalen^ xxi.), that 
although the ratio of the sulphur to the oxygen, in this acid, is as 16 to 
8, its equivalent^ or combining proportion, is not 24, hut 48, hence 
it must be considered as a compound of 

Sulphur . 2 . . 32 . . 06.671 /Sulphur . . . I . . 16 . . 3.3.33 

Oxygen . .2 . . 16 . . 33.331 1 Sulphurous acid .1 . . 32 . . 66.67 

1 48 100.00 1 48 100.00 

*» 

The hyposulphites are mostly soluble and of a bitter taste: the solu- 
tions of the alkaline hyposulphites occasion black precipitates in the 
nitrates of silver and mercury, which are sulphurets: the hyposulphites 
of lead and of baryta are thrown down in the form of white insoluble 
powders : the neutral hyposulphites dissolve recently-precipitated chloride 
of silver, and form with it a compound of a very sweet taste. 

Hyposulphuric Actd + or I, was discovered in 1819 by- 
Gay Lussac and Welther. It was accidentally formed in an. attempt 
to analyse oxide of manganese by the employment of sulphurous acid, 
when a peculiar salt was formed, which did not precipitate baryta. This 
salt was afterwards found to contain a peculiar acid of sulphur, to which 
Gay L^sac. gave the above name. (Ann. de Chim. et Phys.^ x.) It is 
obtained by passing a current of sulphurous acid through a mixture of 
finely-powdered and pure peroxide of manganese and water. A solution 
is obtained, which is filtered and thoroughly agitated and digested with 
hydrated baryta, whieh must be added in small excess. The sulphuric 
acid and the greater part of the oxide of manganese are thus precipitated. 
The solution is again filtered and evaporated till it crystallizes, and ihe 
crystals of hyposulphate of baryta are a second time dissolved and ob^ 
toined by evaporation, in order to procure them free from manganese; 
they are then dried, powdered, weighed, and dissolved; in water ; mid to 
every hundred parts of Jjte dissolved salt, 18.78 parts of sulphuric acid^ 
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0F<lir iqwdfie gratis df }.84, diluted wiih foul parte of water, are added, 
Vbie k i&ns down ia die^teNte of solpliate, and tUe new 

k eolution. Baying been filtered, it k to be concentrated 
byl^tpodoin temder the exhantted receirer of the air-pumpi including a 
yeeeel of^’enlphuric acid, till it acquires the density of 1.347* If ite 
exposure and evaporation be continued beyond this point, it is resolved 
into sulphuric and sulphurous acids. A temperature of 212^ effects the 
same change in its composition. It is inodorous, sour, and reddens 
vegetable blues. 

Neither oxygen, nor chlorine, nor nitric acid, nor peroxide of man- 
ganese, affect the composition ofliyposulphuric acid at common tempera- 
tures; it dissolyes zinc with the evolution of hydrogen, and hyposulphate 
of zinc results. It saturates the salifiable bases; and with lime, baryta, 
strontia, and protoxide of lead, it forms sohbte compounds; whereas 
those formed by these bases with the sulphuric acid, are difficultly soluble 
or insoluble. Its salts, however, are not permanent at high temperatures, 
but when heated they are resolved into sulphates, with the escape of 
sulphurous acid: notwithstanding this, they n^main neutral^ though the 
quantity of sulphurous acid ^hich escapes is such os would itself h.i\e 
saturated the base. The elements of this acid are in the relative propor- 
tions of 1 atom of sulphur and 2.5 oxygen, but its equivalent is not 36, 
but 7^) hence it is constituted of 

Sulphur . 2 . . .32 . . 44.441 (Sulphurous acid . 1 .. . 32 ^ . 44.44 

Oxygen. .5 . . |0 . . 55.561 ( Sulphuric acid . .1 . . 40 • • 55 56 

1 72 100.00 J 72 100 00 

Sulphur and Chlorine; Chloride op Sulphur. (S-fC.) This 
compound was first described by Dr. Thomson, in 1804 (Nicholson's 
JournaljYol. yiii.); and afterwards more fully examined h} Berthollet, 
Junior. {Mhn, dArcuetl^ t. i.) The chlorides of sulphur have also been 
examined by Rose (Poggend. Ann,^ xxi., 431), and by Dumas {Ann, de 
Chim. ekiPhys,^ xlix., 205). When sulphur is heated in excess of chlorine, 
it absorllb rather more than twice its weight of that gas. Ten grains of 
sulphur kbsorb 30 cubic inches of chlorine, and produce a liquid of a 
greenish-yellow, by transmitte.d light, but orange-red by reflected light. 
(Davy, Elements^ p. 280.) The combination also takes place at common 
temperatures, and may be effected by passing excess of Chlorine through 
a tube containing powdered sulphur. Chloride of sulphur exhales suffo- 
cating and irritating fumes when exposed to the air." Its specific gravity 
is 1.6: it is volatile below 200'’. It boils at 280°, yielding vapour of the 
density of 4.70. It does not affect dry vegetable blues; but when water 
is present, it instantly reddens them, sulphur is deposited, and sulphurous, 
sulphuric, and muriatic acids are fonfied, in consequence of a decomposi- 
tion of the water. It dissolves sulphur and phosphorus, and decomposes 
ammonia, according to Chrouvelle, but according to Thomson it com- 
bines with ammonia, forming a purple or yellow compound. It also decom- 
poses alcohol and ether; it is decomposed by mercury, heat being 

evolved, sulphur deposited, and chloride of mercury formed. A fragment 
of potassium dropped into it presently bums and explodes. It absorbs 
phosgene gas. 
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I have obtained beautiful tetraedral crystals of sulphur from its solution 
in the chloride, and their deposition is remarkably influenced by light: I 
believe that the solution gradually deposits the whole of its excess of 
sulphur. ^ ^ 

SuLPHua AND Iodine: Iodide of Sulphur. (a+Z.) Sulphur and 
iodine readily unite by a gentle heat, and form a black crystallizable 
compound, first described by Gay Lussac. (Jnn. de Chim,^ xci.) It is 
decomposed by a degree of heat a little exceeding that required for its 
formation. It is probably a compound of one proportional of each of its 
components. 

Sulphur and Bromine: Bromide op Sulphur, When 

bromine is digested with sulphur, a red liquid compound results, which 
emits fumes when exposed to air, and has little action upon dry litmus 
paper, but pown‘rfully reddens it, when moist. It is slowly acted on by cold 
water, but at 212° the action is violent, sulphuretted hydrogen is evolved, 
and hydrobromic and sulphuric acids are formed. Chlorine decomposes the 
bromide of sulphur, and chloride of sulphur is formed, with the evolution 
of bromine. The composition of this bromide has not been determined. 

Sulphur and Hydrogen : Sulphuretted Hydrogen Gas : IIydru- 
tiiionicAcid: HydrosulphurigAcid. (S4*^)orAs^ This compound of 
sulphur and hydrogen was discovered by Scheele in 1777* When 
sulphur is heated or sublimed in hydrogen gas, or when the gas 
is passed through sulphur, a small portion of sulphuretted 

hydrogen is slowly formed, but the action is very imperfect. The gas is 
readily obtained when sulphur is presented to nascent hydrogen, which is 
the case when proto-sulplhuret of iron isf acted upon by dilute sulphuric 
acid, or when bruised sulphuret of antimony is heated with muriatic acid;-^ 
or one part of pulverized sulphur and two of iron-filings may be made 
into a thin paste with water, and heated in a flask till the mixture 
blackeBS) after which, the addition of sulphuric acid diluted with four 
times its bulk of water, causes an abundant evolution of sulphuretted 
hydrogen. (^Ann. de Chim. ei Phys,^ vii. 314.) 

Sulphuretted hydrogen is gaseous at common temperatures and pres- 
sures. Under a pressure of about 17 atmospheres at 60°, Mr. Faraday 
found it to assume the liquid form : it is then limpid, and apparently 
possessed of a refractive power exceeding that of water; its specific gravity 
is about 0.9. It docs not congeal when cooled down to 0. When a tube 
containing it rtm opened under water, it instantly nM violentjjiy rushed 
forth under the form of gas. (JPhil, Trans., 1823, p. 92.) 

Sulphuretted hydrogen gas may be collected over water,’ thotsgb, by 

2 'f? 
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agitation, that fluid absorbs nearly thrice its bulk. It has a peculiarly 
nauseous fetid odour, resembling that of rotten eggS) so difiusible, 
that a single cubic inch escaping into the atmosphere of a large room, is 
soon everywhere perceptible by its smell. 100 cubic inches weigh 36 
grains. Its specific gravity compared with air is as 1.17 to 1 ; and com- 
pared with hydrogen, as 17 to 1. It is inflammable, and during its slow 
combustion, sulphur is deposited, and water and sulphurous acid formed. 
It extinguishes the flame of a taper. When respired, it proves fatal; and 
it is very deleterious, even though largely diluted with atmospheric air. 
According to the statement of Dupuytren and Thenard, a small bird died 
immediately in air containing only one 1500th of sulphuretted hydrogen ; 
one 800th killed a middle-sized dog ; and a horse perished in an atmo- 
sphere containing one ISOth. It exists in some mineral waters, and is 
found in foul sewers and in putrid eggs. 

The aqueous solution of sulphuretted hydrogen is transparent and 
colourless when recently prepared, but it gradually becomes opalescent, 
and if exposed to air it deposits sulphur, and the greater part of the gas 
escapes. The whole of the gas is evolved by heat. It is an exceedingly 
delicate test of the presence of most of the metals, with which it forms 
coloured precipitates. Dr. Henry found that one measure of sulphuretted 
hydrogen mixed with 20.000 measures of hydrogen, carburetted hydrogen, 
dr atmospheric air, produces a sensible discoloration of white lead or of 
oxide of bismuth, mixed with water, and spread upon a piece of card. In 
this way we may ascertain the presence, in coal-gas, of extremely small 
quantities of sulphuretted hydrogen; and may even form an estimate of 
its proportion, when too minute to be otherwise measured, by comparing 
the shade of colour with a series prepared for the. purpose, by exposing 
slips of card covered with white lead and water to mixtures of sulphu- 
retted hydrogen and common air, in known proportions. {Elements^ vol. 
i.,431.) 

Sulphuretted hydrogen slightly reddens infusion of litmus, aiid moist 
litmus paper; and as it combines with the greater number of salifiable 
bases, it has been classed among the acids, hence the term hydro- 
sulphuric acid applied to the gas, and hydrosulphates to its combi- 
nations. 

When one volume of sulphuretted hydrogen is detonated with half a 
volume of oxygen, water is formed and sulphur precipitated ; the whole 
of the mixed gases being condensed : but when a volume of sulphuretted 
hydrogen, and a volume and a half of oxygen are inflamed in a detonating 
tube, one volume of sulphurous acid is produced, and water is fiirmed. 
Thus the sulphur is transferred to one volume of the oxygen, and the 
hydrogen to the half volume. Sulphuretted hydrogen may dso ^ decom- 
posed by the Voltaic flame, in the apparatus shown in fig. 192, or by a 
succession of electric sparks. Its volume is unchanged, but -the sulphur 
is thrown down. This gas, therefore, consists of 

Beneliui. 

.Sulphur . . 1 . . 16 . . 94.1 . . 94.176 

Hydrogen . 1 • • 1 . • 5.9 . . 6.824 

T 17 liooio looiooo 
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Or, assuming the spemiic gravity of the vapour of sulphur as above stated 
(p. 419), it is composed of 

16.6 cubic inch^ of sulphur vapour . . 34.36 

100. „ ’ hydrogen . . = 2.13 

100 „ sulphuretted hydrogen == 36.49 

Spongy platinum does not effect the combustion of a . mixture of 
sulphuretted hydrogen and oxygen unless free hydrogen be also pre.sent. 

ChldHne, iodine, and bromine, instantly decompose sulphuretted hydro- 
gen; sulphur is deposited, and muriatic, hydriodic, and hydrobromic acids 
are formed. Nitric acid poured into the gas occasions a deposition of 
sulphur, and nitrous acid and water arc formed, with considerable eleva- 
tion of temperature. The aqueous solution of the gas is also decomposed 
by these re-agents. When sulphuretted hydrogen is mixed with its 
volume of nitric oxide over mercury, a diminution of bulk ensues, in con- 
^ sequence of the production of water ; sulphur is deposited, and nitrous 
oxide remains in the vessel. When two volumes of sulphuretted hydrogen 
are mixed in an exhausted balloon with one of sulphurous acid, they 
mutually decompose each other, occasioning the production of water, and 
the deposition of sulphur ; if the gases be perfectly dry, the action is slo w. 
According to Thomson, the deposited matter is not sulphur,* but a com- 
pound of sulphur, oxygen, and hydrogen, which he calls hydrosulphuraue 
acid. {Ann. of Phil.^ xii. 441.) Sulphuric acid also decomposes sulphu- 
retted hydrogen ; the results are water, sulphurous acid, and sulphur. 

When potassium or sodium are heated in sulphuretted hydrogen, sul- 
phurets of those metals are formed with vivid combustion, and pure 
hydrogen is liberated. When tin or lead are fused in the gas, they also 
decompose it, and absorb the sulphur, leaving a volume of hydrogen equal 
to that of the original gas. Passed over metallic oxides, water and 
metallic sulphurets are the results. The different oxides effect this decom- 
position at very different temperatures. 

SULPflURETTED HyDROGEN AND AmMONIA : HyDROSULPHURET OP 

Ammonia: Hydrosulphatb of Ammonia : Boy le*s Fuming Liquor: 
Beguin's Sulphuretted Spirit. (3 + A) + (71 + 3 A) or (As' + A). When 
ammonia and sulphuretted hydrogen gas are mixed, white fumes at first 
appear, which become yellow, and a yejilo»U 3 :ystallized compound results. 
If this be obtained by the condensation of 1 volume of sulphuretted 
hydrogen and 2 of ammonia, it may be considered as consisting of 1 prd- 
portional of each of its components. When a current of sulphuretted 
hydrogen gas is passed through an aqueous solution of ammonia, a solution 
of hydros^phate of ammonia is also formed. 

A compound of sulphuretted hydrogen and ammonia, with excess of 
sulphur, is obtained by distilling a mixture of about four parts of slaked 
quicklime, two of muriate of ammonia, and one of sulphur. The followiiig 
is the disposition of the apparatus for this experiment: (see fig. 219) a 
a small furnace ; 5, a tubulated earthen retort containing the above ma« 
terials; c, an adapting-tube ; d, a glass balloon for condensing the vapour ; 
e, a receiver ; J\ a bottle of water, into which the glass tube, issuing from 
the upper part of the balloon d, is made to dip about half an inch. The 
product in the receiver e, may be mixed with the water in/, and the whole 

2 P2 
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iiB6d foy washing out the bidloon d» In its concentrated state, this 
compound exhales white fumes. It is a deep-yellow liquid, smelling like 
a mixture of sulphuretted hydrogen and ammonia. When kept in 



common white glass ressels, it renders them brown or black, in conse- 
quence of its action on the oxide of lead which the glass contains. 
According to Gay Lussac, no ammonia is decomposed in the above 
operation, but the sulphuretted hydrogen is formed by the union of 
s^phur with the hydrogen of the muriatic acid: the residue in {ke retort, 
consisting of sulphate of lime and chloride and sulphuret of calcium, is 
formed by the union of sulphur with part of the oxygen of the lime to 
produce sulphate of lime, the evolved calcium being divided between the 
chlorine and sulphur. Hydrosulphuret of ammonia is occasionally used 
as a test or reagent. It has been used medicinally as an emetic ; and in 
the dose of from 5 to 8 drops in the treatment of diabetes. 

Bi-SULPHUBET op HyDBOOEX. SlfPEBSULPHURETTEO HyDROGEN^ 
( s5 + h,) This is a yellow liquid, formed by dropping a strong solution 
of bisulphuret of potassium into ^lute muriatic acid (see Sulphurets of 
Potassium.) If the acid be dropped into the sulphuretted solution, 
sulphuretted hydrogen escapes, and sulphur is precipitated; but pro- 
ceeding as above directed, the greater part of the sulphur remains united 
to the hydrogen, and a peculiar yellow liquid is the result. The success 
of the experiment depends much upon the state of concentration of the 
alkaline solution, which should neither be too strong nor too dilute, and 
should be slightly warm, and stirred during the mixture. 

Bisulphuret of hydrdgen may also be obtained by boiling equal parts 
of lime and flowers of sulphur, in five or six parts of water, for about 
half an hour; when cold, the supernatant brown liquor (containing 
hydrosulphuret of lime, with excess of sulphur,) is to be poured o£F, and 
gradually added to muriatic acid, either of its usual strength, or diluted 
with its bulk of water, taking care to have excess of acid, and to stir’ the 
mixture afSfceir each addition. Under these circumstances some sulphur is 
precipitated, and the sulphuretted hydrogen is not evolved, but uiiites to 
an additional proportion of sulphur to form the bisulphuret, which 
gradually subsides in the form of a* yellow viscid fluid, which may be 
kept for some days in the acid liquor, or in dilute muriatic acid. Its 
specific gravity is about 1.7. It is often involved in a coating of 
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sulphur, from which it may be squeezed out by gentle pressure with 
a glass rod. In water it is slowly resolved into sulphur and sulphu- 
retted hydrogen, and more rapidly by alkaline solutions. At 212® it is 
rapidly decomposed. Oxide of gold or silver is immediately reduced by 
it with slight explosion and incandescence. Other substances, such as 
silicd; and the alkaline earths, decompose it, without themselves suffering 
change ; in this, and its property of bleaching, Thcnard (Ann. de Chim. 
et Phys.^ xlviii. 79,) suggests an analogy between it and peroxide of 
hydrogen. 

Sulphur and Nitrogen do not form any definite compound, though 
the nitrogen evolved during the decomposition of certain animal sub- 
stances often seems to contain sulphur. It is possible, also, that the 
purple compound obtained by the action of ammonia on chloride of 
sulphur, may contain a sulphuret of nitrogen. 


§ IX. PHOSPHORUS. 

This remarkable substance was discovered in 1 669 by Brandt, a mer- 
chant of Hamburg ; he obtained it whilst attempting to extract from 
human qrine a liquid capable of converting silver into gold (Homberg^ 
M^m. Par., x. 84.) Kunckel, an eminent German chemist, aware of 
the source whence it was obtained, imparted the secret to Kraft of 
Dresden, who repaired to Hamburg 
to leam the details of the process, 
for which he paid Brandt two hun- 
dred dollars, but in the mean time 
Kunckel prepared and exhibited it, and 
was therefore considered as one of its 
discoverers. In 1680 an account of it 
was published in the Phil. Trans., and 
it became known under the name of 
English Phosphorus, in consequence of 
the large quantities of it prepared in 
London, under the direction of the cele- 
brated Boyle, by his assistant, Godfrey 
Hankwitz*. The ;process was im- 
proved by Margraff and Scheele, and 
afterwards by Fourcroy and Vauquelin, 

Phosphorus, so termed from its pro- 
perty of shimng in the dark, (from 
light, and to bear,) may be ob- 
tained, on the small scale, by distilling 
phosphoric acid, previously fused with 

* The founder of the Chemical Esta- customers on takmg leave of them tO SeA 
blishment, long known as Godfrey V* phosphorus abro^: he is^surromded 
in Southampton Street, Covent Garden, with the apparatus used in preparing it. 
I have a print of this Chemist, by Ver- Boyle described the proeess'in a little 
tue, which, It is said, he presented to his work, entitled Aerial NiHitUuoa. ^ 
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one-^ourih its weight of powdered charcoal, at a red heat. This mixture is* 
pulyerized and put into the coated green-glass or stoneware retort a (fig. 
220), placed in the fiimace bj the tube of the retort should he immersed 
about half an inch into the basin of water, c. A great quantity of gas 
escapes, some of which is spontaneously inflammable, and when the retort 
has obtained a bright red heat, a substance looking like wax, of a reddish 
colour, begins to pass over. This, which is impure phosphorus, may 
be rendered pure by melting it under warm water, and squeezing it 
through a piece of fine shamoy leather; but great care must be taken 
that none adheres to the nails or fingers, which would inflame on taking 
them out of the water, and produce a painful and troublesome bum. 
In performing this distillation, a high temperature is required, so that 
the furnace should be sufficiently capacious to hold a body of charcoal 
piled up above the retort, which, especially if of earthenware (which 
becomes permeable to the vapour of phosphorus at a red heat), must 
be coated with a mixture of slaked lime and solution of borax; this 
mixture may be laid on with a brush, in two or three successive coats, 
and forms an excellent vitrifiable lute. 

Phosphorus may also be obtained by adding solution of nitrate of 
lead or nitrate of mercury to urine, collecting, washing, and drying the 
precipitate, and distilling it, as above, with a fourth its weight of 
powdered charcoal. These precipitates are impure phosphates of lead 
and mercury; the latter is the easiest of decomposition. 

Upon the large scale, phosphorus is most economically obtained from 
the impure superphosphate of lime, procured by acting upon powdered 
bone earth by sulphuric acid. The following is the mode of proceeding : 

On twenty pounds of calcined bone, finely powdered, pour twenty 
quarts of water, and eight pounds of sulphuric acid, diluted with an 
equal weight of water. Let these materials be stirred together, and 
simmered for about six hours. Let the whole be then put into a conical 
bag of linen to separate the clear liquor, and wash the residuum till the 
water ceases to taste acid. Evaporate the strained liquor, and when 
reduced to about half its bulk, let it cool. A white sediment will form, 
which must be allowed to subside; the clear solution must be decanted, 
and boiled to dryness in a glass vessel. A white mass will remain, 
which may be fused in a pl|tinum crucible, and poured out into a clean 
copper dish. A transparent substance is thus obtained, consisting of phos- 
phoric acid with phosphate, and a little sulphate of lime, commonly 
known under the name of glass of phosphorus. It yields phosphorus 
when distilled at a bright red heat with charcoal, in the way above 
described ; but when any quantity of phosphorus is to be Collected the 
retort should be very well and carefrdly heated, and should have a wide 
neck terminating in a copper tube, so ]^nt as to dip perpendicularly into 
a bottle of water, otherwise it will be apt to become plugged up by con- 
gealed phosphorus. The phosphorus is generally sufficiently purified by 
fusing it in hot water, and when cold, cutting it into small pieces, which 
are put with water into a slightly conical glass tube, and fused by 
immersion in hot water: on cooling, the phosphorus is withdrawn in the 
form of a stick. If the phosphorus is much discoloured, it may 
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be cleansed by fusing it first in warm caustic ammonia, and then in 
alcohol. • 

When pure, phosphorus is tasteless, colourless, or of a pale buff 
colour, semitransparent, and flexible at common temperatures, but at 32^, 
crystalline and brittle. Its specific gravity is 1.770. It is insoluble in 
water. It melts, when air is excluded, at 105^. If suddenly cooled to 
32^, after having been heated to 140% it sometimes becomes black ; but 
if slowly cooled, always remains colourless. At 550° it boils, air being 
excluded, and rapidly evaporates in the form of colourless vapour, the 
density of which, according to Dumas, is 4.355. It may thus be purified 
by careful distillation, but the process is troublesome and dangerous. 
Dr. Henry gives the following directions for it : — The proper quantity 
of phosphorus should first be put into the retort, with a sufficient 
portion of water to cover it. The water must then be made hot enough 
to melt the phosphorus, which, on cooling, forms a mass, of the shape of 
the bottom of the retort. When cold, fill the retort with water, and 
invert it in water. Displace the water by hydrogen gas, forced from a 
bladder through a bent pipe ; keep the finger on the open end of the 
retort neck ; place it in a sand-bath ; and immerse the mouth of it in 
water. Then apply heat very cautiously. A bladder should also be 
provided, furnished with a stop-cock and pipe, and filled with hydrogen. 
During the distillation, the gas in the retort is absorbed, and it is neces- 
sary to add more from the bladder, otherwise the water will rush into the 
retort, and occasion an explosion. By distillation in this mode, phos- 
phorus is rendered much purer. In the neck of the retort a substance is 
condensed of a beautiful red or carmine colour, which is a combination 
of carbon and phosphorus, or a phospkurei carbon, Thenard observes 
that phosphorus, however frequently distilled, cannot be freed entirely 
from carbon, a minute quantity of which does not impair its whiteness 
or transparency. 

When phosphorus is fused with about half its weight of sulphur, and 
suffered to cool gradually, a part of the phosphorus separates in rhombic 
dodecaedral crystals. (Mitscherlich, Ann, de Chim, et Phys,, vol. xxiv. 
p. 270 .) It may also be crystallized by slowly cooling a saturated solu- 
tion of it in naphtha. When exposed to air, it exhales luminous fumes, 
having a peculiar alliaceous odour: this arises from a slow combustion; 
hence the necessity of preserving it in water. It has been used in 
medicine in doses of from one to six grains in the course of the day, 
dissolved in oil or ethet, and is said to be a powerful restorative. In 
over-doses it is poisonous. (Orfila, Traiti des Poisons^ ii. Dr. C. W. 
Gregory on New Remedies,) 

Iletained for some time in contact with water, phosphorus decom- 
poses it; oxide of phosphorus, and, probably, phosphorous and phosphoric 
acids, are formed, and. phosphuretted hydrogen is emitted. Mr. Phillips 
has observed, that these changes are most rapid when light has free access. 
{Ann, of Philos.^ vol. v.) According to Berzelius, light, and especially 
violet light, has the pecidiar effect of reddening phosphorus under what- 
ever circumstances it is exposed to its influence; in nitrogen gas, the 
concentrated solar rays readily fuse it, but in hydrogen and in vacuo, they 
cause it to sublime in red scales. There ore several peculiar circumstances 
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iift mi inflammability of phosphoma. When 

ai^aed to the air at temperatures above the freezing point, it slunes in 
flark a pale blue' light, which increases in intensity with the 
temperature. Tbh appears to arise from a very slow combustion, 
attended by the production of acid: it ceases in close vessels as soon as 
the greater part of the oxygen has been absorbed ; and is said not to 
tfdce place when the air has been artificially dried: in this case the 
requisite formation of phosphorous acid seems to be prevented. In pure 
oxygen, phosphorus is not luminous till heated to between 70® and 80°, 
above which it becomes very luminous, and soon inflames. Oxygen, and 
most other gases, in which phosphorus has been immersed, acquire its 
odour, and when mixed with air become slightly luminous. According 
to Dr. Henry, if a piece of phosphorus be introduced into a vessel of 
oxygen gas over mercury, at a temperature not exceeding 80®, no per- 
ceptible absorption will happen in twenty-four hours; but if, the 
temperature remaining the same, the pressure be diminished to one- 
cighth or one-tenth that of the atmosphere, the phosphorus will be 
surrounded with white vapours, will become luminous in the dark, and 
will absorb oxygen. Under ordinary pressures, a higher temperature is 
required for this effect ; but if the density of the oxygen be reduced in 
the above proportion by mixing it with nitrogen, hydrogen, or carbonic 
acid, the phosphorus becomes luminous. Mr. Graham has shown that 
the slow combustion of phosphorus in air, is prevented by very small 
additions of the vapour of essential oils and of naphtha. {Quart. Journ.^ 
N. S., vol. vi., p. 83.) 

In the vacuum of the air-pump, phosphorus in small pieces, loosely 
enveloped in cotton, will generally inflame and bum for a time with a pale 
light: under the same circumstances it more readily kindles if sprinkled 
with powdered resin or sulphur ; alone, it does not inflame. When a stick 
of phosphorus is sprinkled with lampblack, or powdered animal charcoal, 
it is also apt to inflame ; and what is curious, when very thin slices of phos- 
phoms are placed upon flannel, wool, lint, fine feathers, or other downy 
and flocculent substances, they ^e and readily inflame upon the gentlest 
fnction. It seems as if the slow combustion of the phosphorus produced 
heat enough to fuse it whilst lying upon a very bad conductor. Berzelius 
remarks, that the water in which phosphorus has been kept in perfectly 
closed vessels, acquires a luminous property when agitated; this is not 
the case when air has access. 

The temperature at which phosphorus inflames has been variously 
stated. According to Dr. Higgins, when perfectly dry, a temperature of 
60° is sufficient. It easily takes fire by the heat of the hand and slight 
fnction, or when rubbed upon a piece of coarse paper: it requires there- 
fore to be handled and wiped with the utmost caution. Owing to the 
superficial formation of phosphorous and phosphoric add, when it bums 
imperfectly at low temperatures, its further combustion is often prevented: 
thus, in robbing a fra^ent of phosphorus between two pieces of brown 
paper, a momentary combustion often ensues, and it requires considerable 
friction to cause it again to inflame ; for the same reason it is very difiicult 
to light a piece of paper by the flame of phosphorus, for the paper becomes 
'Covered and protected by the acid. 



PHOSPHORUS A»D OXYGEN. 


441 

I Phosphorus and Oxyqbn. — At a iemperatuie of about 120®, pbos- 
phorus^ instantly takes fire, and bums with intense brilliancy, throwing 
off copious white fumes of phosphoric acid. If, instead of burning phos- 
phorus with free access of air, it be heated in a confined portion of very 
rare air, it enters into less-perfect combustion, and three compounds of 
phosphorus with oxygen are the result, each characterized by distinct 
properties. The first is a red solid, less fusible than phosphorus ; the 
second is a white substance, more Tolatile than phosphorus ; the third, a 
white and more fixed body. The red solid consists of a mixture of 
phosphorus and oxide of phosphorus. 

Oxide OP. Phosphorus. (sjO-f-O.) The white substance with which 
phosphorus becomes incrusted when kept for some time in water, is 
generally stated to be an oxide of phosphorus, but Pose has thrown some 
doubt upon this opinion (Poggend. xxvii., 565), and Pelouzc considers it 
as a hydrate of phosphorus. (4^+5^*) The red solid is very inflammable, 
and less fusible and volatile than phosphorus. It is this substance which 
is generally used in the phosphoric match-boxes. To prepare it for this 
purpose a piece of phosphorus may be put into a small phial, and melted 
and stirred about with a hot iron-wire, so as to coat its interior. A 
portion of the phosphorus is thus oxidized by its imperfect combustion, 
and a small quantity, taken out upon the end of a brimstone match, 
instantly inflames upon coming into the contact of the air. (Nicholson’s 
Journal^ vi., 134.) 

According to Pelouze (^Ann. de Chim, et Phys.^ l., 83), an oxide of 
phosphorus is formed by throwing a jet of oxygen gas into phosphorus 
fused under hot water; vivid combustion ensues, and phosphoric acid is 
formed, and at the same time a red pulverulent oxide deposited, which is 
insoluble in water, ether, alcohol, and oils, difficultly inflammable when 
heated in the air, but instantly burning upon contact of nitric acid. It 
appears to consist of 

Pelouze. 

Phosphorus 3 . • 48 . . 85.78 . . 85.5 

Oxygen 1 . . 8 . . 14.22 . . 14.5 

r 56 100.00 100.0 

There are three acid compounds of phosphorus and oxygen, which 
have been termed hypophosphorous^ phosphorous^ and phosphmic acids. 

Hypophosphobous Acid ( +0) or was discovered by M. Dulong 
in 1816 {^Ann. de Chim. et Phys.^ ii., 141). It is prepared as follows: 
Upon 1 part of phosphuret of barium pour 4 parts of water, and when the 
evolution of phosphuretted hydrogen gas h^ ceased, pour the whole upon 
a filter. To the filtered liquid add sidphuric acid as long as any precipi- 
tate forms: separate the precipitate, which is a compound of sulphuric 
acid and baryta, and the clear liquor now contains the hypophosphorous 
acid in solution. When concentrated by evaporation, a sour viscid 
liquid is obtained, incapable of crystallization, and eagerly attractive of 
oxygen. 

Rose obtained pure hypophosphorous acid by boiling hydrate of baryta 
with water and phosphorus, till all garlic odour ceased, filtering the liquid 
and decomposing it hj excess of sulphuric acid; separating the precipitate 
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«ad digesting tlie clear fluid for a short time with excess of oxide of lead; 
then filtering the sulphate of lead from the solution of hypophasphite qf 
lead^ and decomposing the latter by a current of sulphuretted hydrogen. 
The acid, freed from &e precipitate, was concentrated until of sufficient 
strength. 

Hypophosphorous acid appears to consist of 2 atoms of phosphorus 
and 1 of oxygen. 

Dulong. 

Phophoros . 2 . . 32 . . 80 . . 73.4 

Oxygen . 1 . . 8 . . 20 . . 26.6 

1 40 100 100.0 . 

But its true atomic weight cannot be accurately^ determined till the 
composition of the hypophosphites is better known. 

When hypophosphorous acid is heated, it is decomposed with the 
evolution of phosphuretted hydrogen and phosphorus; phosphoric acid is 
the residue: in its ordinary state, therefore, it evidently contains combined 
water, and indeed it yields a crystallizable hydrate by very cautious 
evaporation. It is a powerful deoxidizing agent. In combination with 
bases it forms hypophosphitesj they are soluble in water, and many of 
them in alcohol; they are decomposed by a red heat: they are mostly 
deliquescent and uncrystallizable (Dulong). 

Hypophosphite of Ammonia. This salt is extremely soluble, very 
deliquescent, very difficultly crystallizable, ^d soluble in alcohol. 

Phosphorous Acid. (JO + 1 4 P* The volatile white substance 
above mentioned as one of the products of the combustion of phosphorus 
in rarefied air, is this acid in a dry state : by burning phosphorus in a 
tube with very limited access of air, and caution as to temperature, as 
for instance, by placing a piece of phosphorus near one end of a tube three 
feet long, inflaming it, and gently propelling air through the tube, it may 
be collected in the form of a white volatile powder, which, when exposed 
to air, rapidly absorbs moisture, becomes hot, inflames, and bums into 
phosphoric acid. Heated in close vessels it gives off phosphorus and 
leaves phosphoric acid. It rapidly dissolves in water, has a sour taste, 
reddens vegetable blues, and combines with certain of the salifiable bases 
to form salts called phosphites. When acted upon by such of the 
metallic oxides as readily part with their oxygen, it is converted into 
phosphoric acid, and the oxide is reduced. 

The phosphorous acid in combination with a definite proportion of 
water, forming what Sir H. Davy termed hydrophosphorous acidy is 
obtained by mixing protochloride of phosphorus with water : a mutual 
decomposition of the liquids ensues, and muriatic acid and phosphorous 
acid result*; the former is easily driven off by heat, and, on carefully 
evaporating the remaining solution, a crystallizable compound is obtained, 
of a sour taste, and very soluble in water, which by heat is resolved into 
phosphoric acid and hydroguret of phosphorus. (See Phosphuretted 
Hydrogen.) 

* A current of chlorine passed which afterwards reacts on the water : 
through phosphorus, fused under hot- on evaporation, the hydrophosphorous 
water, first converts it into a chloride, add remains. 



PHOSPflOBIC ACIJ). 


m 

The slow and spontaneous combustion of phosphorus in a moist 
atmosphere, as when phosphorus is suiBFered to deliquesce upon a funnel, 
is attended by the production of a sour liquid, which may thus be 
gradually collected ; it appears to be a mixture of hydrated phosphorous 
and phosphoric acids. Dulong termed it phosphatic acid. 

^ If Ihe equivalent of the phosphorous acid be deduced from its 
saturating power, the phosphites being regarded as constituted of one 
atom of acid united to one atom of base, it will consist of 

Davy. Berzelius. Dulong. 

Phosphorus . . 1 . . 16 . . 67.14 . . 66 . . 66.624 . . 67.18 

Oxygen . . . . 12 . . 42.86 . . 44 . . 43.476 . . 42.82 

1 28 lOOM 100 100.000 100.00 

Phosphite op Ammonia, (p + A) This salt is obtained in deli- 

quescent prismatic crystals by saturating phosphorous acid with carbonate 
of ammonia. When heated it gives out ammonia, and leaves phospho- 
rous acid and water, which, on the further application of heat is decom- 
posed, and hydrated phosphoric acid remains. (Rose. Pogg., Ann. ix., 28.) 
According to Dr. Thomson, the constituents of the crystds are 

Ammonia .... 1 . . 17 • • 27.0 

Phosphorous Acid . . 1 . . 28 . . 44.4 

Water 2 . . 18 . . 28.6 

1 63 100.0 

Phosphoric Acid. ( jO + 2 J 0) or p^. This acid may be formed 
by the direct combustion of phosphorus in excess of oxygen ; intense 
heat and light are produced, and white deliquescent flocculi line the 
interior of the receiver: It is produced in the same way by burning 
phosphorus under a dry bell-glass in atmospheric air. For this purpose, 
a piece of phosphorus, in a watch-glass or small porcelain capsule, may be 
placed upon a plate of glass, and covered over with a tail receiver ; when 
inflamed, it burns at first furiously, but the combustion gradually 
subsides for want of oxygen, and may be renewed by gently lifting 
the receiver oif the glass-plate : thus the whole of the phosphorus may 
be gradually burned, and it forms a quantity of dense smoke, which 
subsides in the form of snowy flakes: this is anhydrous Phosphoric 
Acidy mixed sometimes vnth a little phosphorous acid : if water be 
dropped upon it, it produces a hissing noise, and much heat is evolved, 
but it is some time before the whole dissolves into a clear liquid. The 
solution is intensely sour. 

Phosphoric acid may also be obtained by acting upon phosphorus by 
nitric acid ; in this case, if tlie action be at all intense, a portion of 
ammonia is at the same time produced, which is found in the state of 
phosphate of ammonia in solution. About parts of nitric acid, 
specific gravity 1.4, are introduced into a tubulated retort placed in a 
sand-heat, with a tubulated receiver luted on to it, the stopper of which 
should be open. Wlien the acid is warm, drop into it g^ually and 
carefully one part of phosphorus in small pieces* ; red nitrous vapour is 

* Great caution is requisite in adding | times causes violent exploBions. See 
phosphorus to nitric add, as it some- \ Jawrn. RJ., ii. 184. 
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instantly disengaged, and when its eyolution ceases, put the stopper 
loosely into the receiver, and distil till the residue in the retort acquires 
the consistence of syrup ; pour it into a platinum crucible, and give it a 
dull red heat : it fuses, and concretes on cooling, into a transparent 
substance, which is hydrated phosphoric acid^ and which retains water 
with great avidity, even at red heat, and at very high temperatures 
slowly volatilizes : in this state it is sometimes called glacial phosphoric 
acid. 

Another mode of obtaining phosphoric acid consists in heating 
phosphate of ammonia to redness, which may be economically prepared 
for this purpose by saturating the impure phosphoric acid obtained from 
calcined bones, (p. 438) by carbonate of ammonia. 

The hydrated phosphoric acid, when pure, readily dissolves in water; 
it deliquesces upon exposure to humid air into an intensely sour liquid, 
of a specific gravity = 2. It does not corrode the skin like nitric and 
sulphuric acids. It combines with bases and forms the salts called 
phosphates. Dr. Turner remarks {Elements of Chemistry\ that it may 
be distinguished from all other acids by the following circumstances : 
that when carefully neutralized by pure carbonate of soda or potassa, it 
forms a solution in which no precipitate, or change of colour, is pro- 
duced, when a stream of sulphuretted hydrogen, gas is passed through 
it; but which is precipitated white by a solution of acetate of lead, and 
yellow by nitrate of silver : the first precipitate, the phosphate of lead, 
dissolves completely on the addition of nitric or phosphoric acid; the 
second, the phosphate of silver, is dissolved by both these acids and by 
ammonia. 

It has been satisfactorily proved by the accurate researches of 
Berzelius and of Dulong, that the ratio of the oxygen in the phosphorous 
acid is to that in the phosphoric acid as 3 to 5 ; and assuming these acids 
to consist respectively of one atom of phosphorus and three of oxygen, 
and one atom of phosphorus and five of oxygen, the number 32 (or 
thereabout) would be the equivalent of phosphorus, and 72 that of the 
phosphoric acid ; but the adoption of this latter number would oblige 
us to consider the neutral phosphates as constituted of one atom of acid 
and two atoms of base, which is contrary to all analogy: the fact is, that 
36 is the equivalent of the phosphoric acid, and 28 that of the phos- 
phorous acid; hence the necessity of considering the latter, as above 
stated, a compound of 1 atom of phosphorus and 1^ of oxygen: and 
upon the same principle the anhydrous phosphoric acid will consist of 

Davy. Berzelius. Dulong. Rose. 

Fhoqthorus .. 1 .. 16 .. 44.44 .. 42.6 .. 43.823 .. 44.8 .. 46.6 

Oxygen .. 2 } .. 20 .. 66.66 .. 67.4 .. 66.177 •• 66.2 .. 63 J » 

1 V 100.00 100.0 100.000 100.0 100.0 

The glacial phosphoric acid, or the hydrated acid exposed to a heat at 
which it no longer loses water, but begins to Suhlime or eraporate without 
decomposition, appears to consist of 

Dulong. 

Phosphoric add . . 1 . . 36 . . 80 . 70.4 

Water . . 1 . . 9 . . 20 . 20.6 

1 46 100 100.0 
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Pyaophosphorig Acid. In the year 1827, Mr. Thomas Clark, of 
Glasgow, observed, that when phosphate of soda had been heated to 
redness, its solution, instead of throwing down a yellow precipitate with 
nitrate of silver, produced a white precipitate (Brewster's Edin. Journal^ 
VII., 298.) Professor Stromeyer had also observed the same fact, and in 
4830, communicated a paper upon the subject to the Royal Society of 
Gottingen. {Ann. de Chim. et Phys.y xliii., 364.) The phosphoric acid, 
after it has been exposed for some time to heat, yields, when saturated with 
bases, salts possessed of certain peculiarities, which have hence been termed 
pyrophosphates^ and the properties fo which will be afterwards pointed out. 
The remarkable fact is that the composition of the acid, and its equivalent, 
are not altered by the process which confers these distinctive characters 
upon its salts, and that when dissolved in water and boiled, it reverts to 
its ordinary state: hence phosphoric and pyrophosphoric acid must be 
regarded as isomeric bodies. 

Metaphosphoric Acid. This term has been applied by Mr Graham, 
{Phil. Trans. ^ 1833, p. 277), to the acid which exists in certain phos- 
phates, the. composition and properties of which will be afterwards de- 
scribed. In his elaborate essay ^^on the arseniates, phosphates, and 
modifications of phosphoric acid” he has entered into a variety of details 
bearing very importantly upon the atomic constitution and the properties 
of these acids and their salts : in reference to the modifications of phos- 
phoric acid, he assumes, if I understand him rightly, that the anhydrous 
phosphoric acid is a compound of I atom of phosphorus and 6 atoms of 
oxygen ; it follows, therefore, that his equivdent of phosphorus will be 
double that, which, for the reasons above stated, I have adopted : the 
three modifications of the phosphates., he regards as constituted of 1 atom 
of acid and 3 of base, 1 and 2, and 1 and 1, and he assumes the respective 
acids to be hydrates of a dry or anliydrous acid, these hydrates, being, in 
the equivalents which I have adopted, respectively represented by 

Atoms Atoms Equivalent 

of of Weight. 

Acid. Water. , — ■ a 

1 + 14 z= 36-hJ3.fl 

1 + 1 = 36-1-9 

2 -h 1 = 72+9 

Or, according to his view of the equivalent and atomic constitution of 
these acids, he regards them as respectively constituted of 

Atoms Atoms 

of of 

Acid. Water. 

I + 3 = 100 + 37.81 = 72 + 27 = phosphoric acid. 

1 + 2 = 100 -i- 26.21 = 72 + 18 = pyrophofiphoric acid. 

1 -i- 1 = 100 + 12.61 = 72 + 9 = metaphoiqihoric acid. 

AaftiiTTfiing r thosc then as compounds of anhydrous acid with basic 
water, he infers that when one of them is treated with a stronger base, 
the whole, or a part of the water is supplanted, but that the total amount 
of base in combination with the anhydrous acid remains unaltered. 

I have thus endeavoured as briefly as possible to state Mr. Graham’s 
opinions respecting the modifications of phosphoric acid and the phos- 
phates : I shall again refer to them when describing some of the latter, 


100 

= 72 . 27 + 27.73 = phosphoric acid. 

= 80 +20 = pyrophosphoric acid. 

=r 88.9 -hi 1.1 = metaphosphoric acid. • 
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but 1 cannot adopt his atomic or theoretical views, because they appear 
to me to be discordant with the experimental results of the best analysts, 
among whom I especially refer to Berzelius and Dulong. 

Phosphate op Ammonia. (jD^+A.) This salt exists in the urine of 
carnivorous animals. It may be obtained pure by Saturating phosphoric 
acid with ammonia or carbonate of ammonia and carefully evaporating, 
so as to avoid the production of an acid salt. It may also be, formed by. 
adding carbonate of ammonia to the acid phosphate of lime obtained from 
bone earth (p. 438,) till no further effervescence or precipitation of phos-. 
phate of lime follows, filtering and evaporating, taking care, however;* .to. 
leave slight excess of ammonia : the solution left to itself deposits the salt. 
Its primary form is an oblique rhombic prism, the smaller angle of which 
is 84^ 30^. Its prisms are often terminated by diedral summits* 
(Mitscherlich,.^n». deChim. et Phys.,^ xix., 382.) The crystals are efflores- 
cent, and by long exposure become biphosphate from loss of ammonia : 
they taste saline, cooling, and bitterish. This salt is soluble in 4 parts of 
cold water. When heated it melts; and losing ammonia and -water 


leaves hydrated phosphoric 

acid. 

It consists of 

• 

Ammonia 

. 1 

. . 17 . 

. 25.57 

Mitschurlicli. 

Phosphoric acid 

. 1 

. . 36 . 

. 54.13 

. . 54.426 

Water 

. li 

. . 13.6 . 

.. 20.H0 



1. 

66.5 

100.00 



Biphosphate op Ammonia. (2 p + A.) Tliis salt is obtained by adding 
phosphoric acid to a solution of the phosphate of ammonia till it strongly 
reddens litmus paper, and ceases to precipitate muriate of baryta. When,, 
the solution is concentrated it yields crystals the primary form of which is 
an octoedron with a square base ; but they are most commonly right square 
prisms terminated by the primary faces. They are less soluble than the 
preceding salt, and permanent in the air : when heated they fiise and froth 
up, ultimately leaving hydrated phosphoric acid. They consist of 

Mitocherlich. 

Ammonia . . 1 . . 17 • . 14.65 

Phosphoric acid . . 2 . . 72 . . 62.07 • . 61.02 

Water . , 3 . . 27 . . 23.28 

1 116 100.00 

/ 4 

Gay Lussac has recommended the application of phosphate of 
ammonia to render muslin, and similar articles of clothing, to a con- 
siderable extent,, incombustible. The goods are immersed in a solution 
of equcd parts of phosphate and muriate of ammonia of a due strength, 
and then dried ; upon applying flame to them, it will be found tlfht they 
are burned with great difficulty, and cannot be consumed with flame, in 
consequence of the prevention of the access of Oxygen by the giazing 
which the sidts forffi at high temperatures. 

Phosphorus and Chlorine. These elements unite in two propor- 
tions, forming two definite compounds, the chhride^ or sesqmchloride, 
and the perchloride of phosphorus. 
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Protochloride of Phosphorus; Sesquichloride of Phosphorus*. 

+ C.)— This compound is procured by distilling a mixture of phos- 

phorus and perchloride qf mercury; or, what amounts to the same thing, 
bypassing the vapour of phosphorus over perchloride of mercury in a heated 
glass tube, terminating in a cooled receiver. It is also formed by passing 
chlorine first through a cold flask, then through a tube containing fragments 
of fused chloride of calcium, and thence into a tubulated retort, slightly 
warmed, and containing phosphorus, from which the sesquichloride, as it 
is formed, gradually distils over into a cooled receiver. (Gmelin.) 

^.^hen first obtained, this compound generally holds a little phos- 
phorus in solution, which gives it a reddish colour; this ist in time 
deposited, and it becomes limpid and colourless ; or it may at once be 
purified by slow distillation ; it requires to be cautiously excluded from 
the action of the air. It has a suffocating odour. Its specific gravity is 
1.45. Exposed to the air itr exhales acid fumes : it does not change the 
colour of dty vegetable blues, but becomes powerfully acid upon the 
l^ast acquisition of moisture. Its vapour is combustible. Chlorine con- 
verts it into perchloride of phosphorus. > It acts upon water with great 
energy, and ^produces muriatic and phosphorous acids, as above stated 
(page 442). 

It appears from the analyses of Davy and of Berzelius, that this 
chloride corresponds in composition to the phosphorous acid ; it is there- 
fore a sesquichloride of phosphorus, and consists of 

Davy and Berseliui. 

Phosphorus 1 ... 16 ... 22.5 ... 23 

Chlorine ^ li ... 54 ... 77.5 ... 77 

1 70 100.0 * 100 

PERCHLORpE OF PHOSPHORUS. (j9+2^C). — ^When phosphorus is 
submitted to &e action of chlorine in excess, it bums vdth a pde-yellow 
flame, and produces a white, flaky, and volatile compound, which 
attaches itself to the interior of the vessel, and which is the perchloride 
qf phosphorus, ' It may be conveniently formed in the exhausted retort, 
as described at p. 333. It was long mistaken for phosphoric acid, but 
its easy volatility is alone sufficient distinction, for it rises in vapour at 
200^. It is fusible under pressure, and crystallizable in transparent 
prisms; it is a nonconductor of electricity; it reddens dry litmus paper, 
in consequence, as Berzelius supposes, of its acquiring hydrogen and 
oxygen from the de^mposition of the paper. It fumes in the air, and 
when brought into the contact of water, a mutual decomposition is 
immediately effected, and phosphoric and muriatic acids sesult. When 
passed through a red-hot porcelain tube with oxygen, p]^osphoric acid is 
produced and chlorine evolved, which shows t^t oxygen, at that tempe- 
rature, lias a stronger attraction for phosphorus^than chlorine. Potassium, 
heated in its vapour, bums with great biilliancy: the metallic oxides 
decompose it with the production of metallic chlorides and phos- 
phates. 

* Davy proposed the terms phwpho- clature applied to the chlorides was 
rane and phMphormia, for this and the never adopted, 
succeeding compound hut this nomen- 
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The perchloride of phosphorus consists of 

Davy. Dulottg. Uerzeliui. 

Phosphorus 1 . . . 16 . . . 16.1 ... 13 ... 154 ... 15.31 

Chlorine 2^ ... 90 ... 84.9 ... 87 ... 84.6 ... 84.69 

1 106 100.0 100 100.0 100.00 

Phosphorus and Bromine. — Accordingly M. Balard there are two 
bromides of phosphorus. When phosphorus and bromine are mixed in 
a flask filled with carbonic acid, they act intensely upon each other : 
heat and light are evolved, and a yellow crystalline substance rises to the 
upper pert of the flask, whilst a liquid remains at the bottom. The 
latter is the protobromide; it is volatile, and emits pungent fumes when 
exposed to air. Water resolves it into hydrohromic and phosphorous 
acids. The crystalline perbromide is converted, by a gentle heat, into 
a red liquid, and at a higher temperature into red vapour. It emits 
fumes when exposed to air, and, acted upon by water, forms hydrohromic 
and phosplboric acids. 

Both these bromides are decomposed by chlorine, with the evolution 
of bromine and the formation of chloride of phosphorus. Iodine, on the 
contrary, does not decompose them ; but bromine decomposes the iodides 
of phosphorus. 

From the action of these bromides on water, there can be little doubt 
that the former is a sesquibromide of phosphorus {p +1^5); and that 
the composition of the perbromide corresponds with that of the phos~ 
phoric acid and of the perchloride, being {p 6.) 

Fluoride of Phosphorus. — W e have no evidence of the existence of 
this compound. (Davy, Phil, Trans,^ 1813, p. 277.) 

Ammonia and Chloride of Phosphorus. The action of ammonia 
on the chlorides of phx^sphorus is very remarkable, and was first 
observed by Davy, and since elaborately examined by H. Rose. 
When ammonia is admitted into an exhausted retort containing the 
perchloride of phosphorus, the gas is rapidly absorbed %ith much 
heat, and a compound is produced, which, according to Davy, is 
insoluble in water, indecomposable by acid or alkaline solutions, 
and has characters analogous to an earth. The action of ammonia 
on the sesquichloride is attended by the production of the same com- 
pound, and the sieporation of a portion of phosphorus. {Elements^ p. 291.) 
According to H. Rose (fiber eine Yerbindung des 'Phosphors mit dem 
Stickstoff*), the most definite action of ammonia is on the sesquichloride 
of phosphorus. (Poggehd., xxiv., 308.) This liquid, when freed from 
dissolved phosphorus by repeated distillation, and subjected (surrounded 
by a freezing ^xture so as to prevent elevation of temperature and 
consi^uent deposition of nhosphorus) to the gradual action of excess of 
ammonia, forms with itV perfectly white compound, which is entirely, 
though very dowly, soluble in water, and is so constituted, as to yield fn 
this princess, neutral muriate and phosphite of ahimonia. When heated 
in the air, it giVes oflF muriate of ammonia, and leaves a small portion of 
an insoluble reddish-brown substance, which, when heated, becomes 

* On a oomhination of phosphorus with nitrogen, read to the Berlin Academy, 
July 11, 1833. - 
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white, but again brown as it cods. To obtain the fixed residue in a 
pure state, freshly prepared amfnonuhsesquichhride of phosphorus must 
he cautiously heated to redness out of the contact of air: this is best 
done by putting it into a sufficiently large tube of difficultly fusible glass, 
and passing oyer it at a •red heat a stream of carbonic-acid gas dried 
contact of chloride of calcium : the operation must be patiently carried 
on till no traces of muriate of ammonia are evolyed. With these pre- 
isautions, the substance which remains is a light white powder, and^ 
though formed of highly volatile substances is, when excluded from air 
and moisture, fixed and infusible at a red heat: heated in contact of the 
air and its moisture, it evolves white fumes of phosphoric acid, and 
becomes slowly oxidized without flaming : if thus heated in a platinum 
crucible, the metal is much coiroded. Exclusively of its fixedness out 
of the contact of air, the most remarkable property of. this substance is 
its indiflerence to the strongest fieagents. Concentrated nitric acid very 
slowly converts a portion of it into phosphoric acid, and concentrated 
sulphuric acid produces the same change with the evolution of sulphu- 
rous acid; but the dilute acids and Saline solutions, and chlorine, 
sulphur, and carbonic acid, have no action upon it even when heated. 
It is, on the contrary, energetically acted upon when fused with caustic 
potassa; ammonia is evolved, and the residue is soluble in water. It is 
decomposed when heated with hydrate of baryta, with intense ignition: 
it is also decomposed by fusion with the carbonated fixed alkalies, and 
with their nitrates. The action of dry hydrogen gas upon this compound 
at a red heat is very remarkable; no trace of water is formed, phos- 
phorus is evolved, and distils oif, and on conducting the gaseous products 
into water, ammonia is found in solution. From this result, and from 
other evidence adduced by Rose, fliis compound apparently cdhsists of 
phosphorus and nitrogen ; it is a true phosphur^ of mirogen ; and from 
the analytical details given at length in the essay T have quoted, it 
appears that 100 parts of the ammonio-sesquichloride, yield an average 
product of 21.27 of this phosphuret of nitrogen, and that it consists of 

Rote. 

Phosphorus . . 1 . . 16 • . 53.2 . . 52.56 

Nitrogen • . I 14 . . 46.8 . . 47.44 

1 30 100.0 100.00 

It is obvious that there is no analogy between thi^ compound and 
those of nitrogen with chlorine and iodine ; indeed, its properties are 
diametrically opposed to those detonating and easily decomposable sub- 
stances: it presents a remarkable but not .jiolitaiy instance of^ iHie 
production of a fixed substance from the union of highly volatile elemenia. 
Its atomic constitution as given above, closely agrees with the expe- 
rimental result, but is not consistent with the other combinations oi 
phosphorus. 

Phosphorus AND Iodine. When these substances, perfectly dry, are 
brought together in on exhausted vessel and gently heated, they act 
violently, evolving heat but no light, and form orange-coloured, r^, 
black compounds, according to their relative proportions. When one part 
of phosphorus and about twelve of iodine are fused together, the com- 
pound is reddish-brown, very futible, aaft appears to be a sesquiodtde ^ 
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phosphorus + for it is decomposed by water, and resolved into 
hydriodic and phosphorous acids : it therefore consists of 

Phosphorus . 1 . . 16 . . 7-5 

Iodine* . . .1^ . . 188 . . 92.5 

1 204 100.0 

Periodide op Phosphorus. (j9 +2^ 2). When one part of phos- 
phorus is fused with nearly 40 of iodine, a black and less fusible 
compound results, which is resolved by water into hydriodic and phos- 
phoric acid, and which, therefore, apparently consists of 

Phosphorus . . 1 . . 16 . . 4.84 

Iodine . . 2^ . . 312 . . 95.16 

1 328 100.00 

Phosphorus and Hydrogen ; Phosphuretted Hydrogen ; Hydro- 
GURET OF Phosphorus. — ^Phosphorus ihay be heated, and even sublimed, 
in hydrogen gas, without the formation of any definite compound, 
although, under such circumstances, the gas retains a portion of the 
vapour of phosphorus, acquiring its peculiar odour, and becoming luminous 
in the dark when mixed with atmospheric air. When phosphorus is 
presented to nascent hydrogen, two gaseous compounds result. The one 
inflames spontaneously upon the contact of the atmosphere. This may 
be procured by heating phosphorus in a solution of caustic potassa ; or 
by acting upon phosphuret of lime by dilute muriatic acid. In the former 
case about a quarter of an ounce of phosphorus should lie introduced into 
a small retort, capable of holding about four ounces of water ; it should 
then be completely filled with a moderately strong solution of potassa, and 
the beak being placed under the shelf of the pneumatic apparatus, the heat 
of an Argand lamp carefully applied till it boils : gas wdll gradually be 
generated, so as to expel a portion of the alkaline solution, and ultimately 
to bubble up through the water. Upon coming into contact with the air, 
the bubbles inflame with a slight explosion ; and if the atmosphere is 
still, each as it bursts produces a beautifully expanding ring of smoke, in 
consequence of the sudden formation of phqsphoric acid and water. If 
the retort, in which the gas is generated, contain common air, the first 
bubbles burn within the vessel, and the retort is frequently broken by 
the percussion, or by the rush of cold water from the trough, caused by 
the sudden expansion and subsequent contraction of the air within, an 
accident prevented by filling the retort with the liquid. 

For obtaining this gas by the second process, Dr. Thomson gives the 
following directions: — Fill a small retort with water, acidulated by 
muriatic acid, nnd then throw into it a quantity of phosphuret of lime 
in lumps^ Plunge the beak of the retort under \rater, and place over it 
an inverted jar filled with that liquid. Phosphuretted hydrogen .gas is 
extricated ip considerable quantity, and soon fills the glass jar. Half an 
ounce of phosphuret of lime yields about 7P cubic inches of this gas. 
(Thomson's Inorg, Chem.^ vol. i., p. 251.) 

This gas was discovered by Gengembre in 1783 ; it is colourless, has 
a nauseous* odour like onions, a very bitter taste, and inflames when 
mixed with air, a property which it loses by being kept over water : 
water takes up about two per cent, of this gas, and acquires a bitter 
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taste, and the smell of onions ; but the solution has no acid properties 
like that of sulphuretted hydrogen. When the gas is retained in dry 
vessels, or over mercury, and carefully excluded from light, it may be 
kept some time without alteration ; but, in the conta'it of water, and 
exposed to light, it soon* deposits a red film of phosphorus without 
changing its volume, and loses the property of spontaneous infiam- 
mability. It has been asserted, that in this case the gas deposits half of 
its phosphorus, and that a definite subpkospkuretted hydrogen remains ; 
but this statement requires further proof. Houton Labilladiere has 
remarked, that bubbles of phosphuretted hydrogen sent up into a portion 
of common air standing over mercury, do not inflame when the air is 
compressed, or when the mercury is at the same level within and with- 
out the vessel; but that explosion immediately ensues when the confined 
air is rarefied by lifting up the jar, so that the column of mercury 
within may be above that without. When bubbles of phosphuretted 
hydrogen arc sent up into a jar of oxygen, they bum with greatly 
increased splendour ; in chlorine, too, they bum with a beautiful pale 
blue light, forming muriatic acid and perchloride of phosphoms. In a 
narrow tube it may be mixed with oxygen without explo^ng, in which 
case if is deprived of its phosphoms. It bums when thrown up into 
nitrous oxide. 

The specific gravity of this gas, according to Dumas, is (^Ann. 

de Chtm, et Phys.^ xxxi. 149,) according to Thomson {Inorg. Chem. 
i. 252,) it is 1.77- When heated with corrosive sublimate, muriatic 
acid gas is formed, equal to three times the volume of the phosphuretted 
hydrogen decomposed, whence it appears- to contain in the 100 measures, 
150 measures of hydrogen ; Dumas states the weight of the phosphoms 
to that of the hydrogen as 15.9 to 1, numbers which closely approximate 
to 1 6 and 1 , or one equivalent of each of its components. 

Sesquihydroguret of Phosphorus ; Hydrophosphoric Gas. This 
compound of phosphoms and hydrogen was discovered by Sir H. Davy, in 
1812. It is procured by heating the solid hydrate of phosphorous acid or 
hydrophosphorous acid (p. 442), in a small retort. Tlie gas must be collected 
over mercury, for water absorbs one-eighth its volume. It is not sponta- 
neously inflammable, but explodes when heated with oxygen. It inflames 
spontaneously in chlorine. Its smell is less disagreeable than the former. 

Both this and the former gas frequently contain free hydrogen, the 
relative proportion of which may be ascertained by agitation with a cold 
saturated solution of persulphate of copper, which absorbs the phosphu- 
retted hydrogen, and leaves the pure hydrogen. Dumas infers, from the 
action of perchloride of mercury on this gas, that 100 measures yield 1 50 
of hydrogen. Dr. Turner, on the authority of Dumas and of Buff {Ann, 
de CMm, et Phys.^ xli), considers 100 measures of this variety of phos- 
phuretted hydrogen as constituted of 160 of hydrogen gas, and 25 of the 
vapour of phosphoms, {Elements of Chim,^ 416) and hence as 

Grainv. 

15(f cubic inches of hydrogen weigh . . . . 3.1977 

25 „ phosphoms vapour . . . . 33.5425 

100 „ phosphuretted hydrogen gas should weigh 36.7402 , 

The calculated density of a gas so constituted should be 1.1853. 

2 G 2 
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The chemistry of the combinations of phosphorus and hydrogen is stiU 
inyolred in considerable intricacy, and indeed the study of all the com- 
pounds of this substance is rendered theoretically difficult .by the pecu- 
Uarities of their atomic relations*. 

Grotthus has described a liquid compound of phosphorus and hydrogen, 
analogous probably to the corresponding combination of sulphur ; and, if 
so, a biphosphuret of hydrogen^ obtained by boiling phosphorus in an 
alcoholic solution of potassa. The phosphorus liquefies, and remains fluid 
when cold : if boiled in water, phosphuretted hydrogen is evolved, but no 
phosphoric acid is formed, nor is the water decomposed ; and phosphorus, 
which concretes as usual, remains behind. 

Common phosphorus always yields a trace of hydrogen or of phosphu- 
retted hydrogen, which it evolves when in the act of combining with some 
of the. metals, and Davy found that by acting on fused phosphorus by the 
Voltmc spark, small portions of hydrogen were given off. 

Phosphorus and Nitrogen : Phosphuret of Nitrogen : (see action 
of ammonia on chloride of phosphorus^ p. 448.) 

Ammoniuret of Phosphorus: According to Berzelius, when phos- 
phorus is exposed to ammonia standing over mercury, a phosphuret of 
ammonia is produced, of a dark colour, and pulverulent texture I '^ts pro- 
perties have not been examined. 

Phosphorus and Sulphur: Phosphuret of Sulphur: Sulphuret 
OF Phosphorus. These substances may be united by fiision in an 
exhausted flask, or under water ; in the latter case they combine gradu- 
ally as soon as the phosphorus is melted, but the heat must be cautiously 
applied, as the water is sometimes suddenly decomposed with explosive 
violence. Mr. Faraday {Qiuarterly Journal ^ iv. 361) melted 5 parts of 
sulphur with 7 of phosphorus and agitated the compound in liquid 
ammonia, by which the reddish-brown colour was removed and a pure 
fluid of a light-yellow colour, and semitransparent, remained. It retained 
its fluidity when cooled down to 20% and was perfectly liquid at 32^, 
On remaining for some weeks in a bottle of water it deposited crystals of 
sulphur, and at the temperature of 46% it thaa became a crystalline mass, 
in which the relative 'proportions of the phosphorus and sulphur appeared 
to be 8 and 4. This, therefore, was probably a biphosphuret of sulphur, 
or a compound of 

Phosphorus 2 . . ,32 . . 66.6 

Sulphur 1 . . 16 . . 33.4 

1 48 100.0 

This purified compound did not act upon water at common tempe- 
ratures, nor rapidly even atits boiling point; hence, Mr. Faraday infers 
that the rapid action of the compound formed by heat in a tube ^en in 
contact with water, results from some combination of oxygen and 
phosphorus. 

* Phosphuretted hydrogen appears monia : the compoimd of hydriodic acid 
in (Mime cases to act the part of a so/i- with phosphuretted hydrogen,' has been 
boiSy and Rose has pointed out adduced as a salt of this description, 
certain analopes between it and am- 
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This rare and singular substance was discovered in 1818, by Professor 
Berzelius, during an examination of certain substances found in the sul- 
phuric acid manufactured at Gripih^lm, in Sweden. (Ann. de Chim. et 
Pky9.^ IX. 160.) The sulphur us^in these works is procured ^m the 
iroit pyrites of Fahlun, and the acid obtained from it deposits a red 
matter, which was supposed to contain tellurium, but the peculiarities of 
which were traced to a distinct and previously unknown substance, to 
which its discoverer gave the name of Selenium^ from £c^qy9), the moon^ in 
consequence of its having at first been mistaken for the metal Tellurium. 

Some difference of opinion exists as to the place which selenium 
should occupy in chemical arrangements. Berzelius includes it among 
the metals ; but as is is a non-conductor of electricity, and a most imper- 
fect conductor of heat, and as, in other respects, it bears much analogy to 
sulphur, I have followed the example of most systematic writers, and 
placed it among the non-metallic combustibles. 

Stromeyer and Rose have detected it in several metallic ores from the 
Hartz mines, and amongst some of the volcanic products of the Lipari 
islands ; and it exists in some of the sulphurets of lead of Fahlun, and in 
the pyrites of the isle of Anglesey. 

Selenium is most readily obtained by the decomposition of selenic 
acid^ which may be effected by adding muriatic acid to its solution in 
water, and immersing a plate of zinc in the mixture : a gray or reddish- 
brown fiocculent precipitate of selenium is then deposited. Berzelius, in 
his Lehrhuch der Ckemie^ has detailed the circuitous process by which he 
separated selenium from the red sediment of the Gripsholm sulphuric 
acid (see also Ann. of Phil. xiv. 403) ; and M. Lewenau has described 
some important improvements in the modes of obtaining it in a pure 
state. (Ann. of Phil. N. S. viii. 104.) 

To extract Selenium from the native sulphuret, Magnus proposes to 
mix it with eight times ijts weight of peroxide of manganese and to 
expose the mixture to a low red heat in a glass retort,' the beak of which 
dips into water. The sulphur, oxidized at the expense of the manganese, 
escapes in the form of sulphurous acid, while the selenium either sublimes 
as such or in the state of selenious acid; should any of the latter go over 
into the >vater it would there be reduced by the sulphurous acid. (Turner, 
Elem. of Chem.) 

Selenium, when cooled after fusion, has a reddish-brown, colour, and 
dim metallic lustre ; its fracture is of a lead-gray colour. Its specific 
gravity is 4.32. Obtained from its solutions by precipitation upon zinc, 
it is red, but becomes black when boiled in water. A dilute solution of 
selenic acid mixed with sulphurous acid, and exposed to light, becomes 
covered with a film of reduced selenium of a gold colour. When fused, 
and very slowly cooled, its surface is gray and granular, without lustre : 
and its fracture dull, like that of metafile cobalt. It is brittle, soft, and 
easily reduced to powder. Under certain circumstances, it assumes a 
prismatic crystalline texture, but not very distinct. In thin: layers it is 
transparent, transmitting fed rays; it is softened by heat, becoming 
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semifluid at 212^, and perfectly fusing at a temperature somewhat higher ; 
it remains for some time soft on cooling, and may be drawn out into fila- 
ments like sealing-wax, which arc of a gray metallic lustre by reflected 
light, but by transmitted light of a clear ruby-red. Heated in a tube or 
small retort nearly to redness, or about 650°, it boils, and is conrerted 
into a yellow vapour of a deeper colour than chlorine, which condenses 
into black drops, that run tc^ether like quicksilver. Heated in the open 
air it rises in vapour, which may be condensed into a red powder. It is 
characterized by tinging the flame of the blowpipe of a light blue colour, 
and by exhaling, when strongly heated, a peculiar and highly diffusible 
odour of decayed horseradish. 

Selexium and Oxygen. These bodies appear to unite in three 
proportions, formbg an oxide and two acids. 

Selenious Oxide: Oxide of Selenium (Sg+O), is formed by luxating 
selenium in a limited quantity of atmospheric air, and washing the product 
to separate a portion of acid which is at the same time formed. The 
characters of this compound have not been accurately examined, nor has 
its composition been ascertained: it is sparingly soluble in water, and 
passed through alkaline solutions, imparts to them its peculiar odour, 
but is not absorbed: it does not redden litmus. It appears to be the 
cause of the peculiar odour emitted during the oxidation of seleniuni. It 
probably consists of 


Selenium 

Oxygen 


40 

8 


83.S 

10.7 


1 10 100.0 

Selenious Acid, (Se+s 0) or $e\ When a current of oxygen gas is 
giss^ orer selenium, heated to its boiling-point, it bums with a pale 
blueish-^en flame, and this acid sublimes and condenses in long brilliant 
pnsmatic crysmls, provided the vessel into which it is received is cold 
and capamous; otherwise, the sublimate is semifused and semitrans- 
p^nt; thisis dry selenious acid; it loses its transparency by exposure to 
air, and rapidly absorbs water. Exposed to heat, the water separates 
a^ tefore the amd rises in vapour. Selenious acid may also be 
obtained by digesting selenium in nitric or nitromuriatic acid till entirelv 
dissolved, and then evaporating to dryness. Its taste is sour and hot- its 
odour, when sublimed, acrid, but not like that of the oxide. It is very 
soluble in w^ water, and the solution furnishes crystals of hydrated 
acid. It also dissolves m alcohol, and the solution furnishes, on distillation 
a hqmd of w ethereal odour. If this alcoholic solution be mixed with 
sdphrao Mid, tmd then distifled, the product has an odour so insupport- 
able^t Berzehus was unable to proceed in its 

me selemoM acid and its salts may be decomposed by mixture with 
solution of sulpbte of ammonia and the addition of an acid. Sulphurous 
acid IS hberated, and the selenium is slowly reduced, the solution first 
^ui^ a yeflow colour, and in the course of some hours depositing red 
fli^h of selemim : this elfect is accelerated by a boiling heat. This 
amd foi^ precipitates in the solutions of silver and of lead; its neutral 
“on’^ert vegetable blues to green, and redden 
turmeric. It combines also in two and four proportionals with certain 
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bases, so that it forms selenites^ biselenites^ and quadriselenites. It 
forms very few subsalts. * 

•The proportion of oxygen in this acid is, to that contained in the 
bases to which it unites to form neutral salts, as two to one ; so that it 
may be considcrel %s a compound of 


Selenium 

Oxygen 

1 

2 

• • • 

40 

10 

• . . 71.43 

. . . 28.57 

Berzeliiu. 

71.261 

28.739 


1 


56 

100.00 

100.000 


Selenig Acid. {S6 +3 0) or — ^This acid was first described by 
MM. Mitsclierlich and Nitzsch. (Ann. de Chim. et Phys.^ vol. xxxvi., 
p. 100.) It is obtained by fusing selenium, or sclenious acid, or any of 
its salts, or a metallic seleniuret, with nitiate of potassa or of soda: 
seleniuret of lead, as the most common ore containing it, has generally 
been used : it is to be digested in muriatic acid, to separate carbonates, 
and the residue mixed with its weight of nitrate of soda, and gradually 
thrown into a red-hot crucible; the fused mass is then well washed 
in hot water, which dissolves the alkaline seleniate and the nitrate: 
this solution, quickly boiled down, deposits seleniate of soda, and 
this being separated, the nitrate crystallizes on cooling; the mother- 
liquor again boiled deposits more of the seleniate, and in this way the 
salts may be separated ; for the seleniate, like sulphate of soda, is more 
soluble in water at about 90° than at 212°. The seleniate of soda thus 
obtained is not quite pure ; if it be mixed with muriate of ammonia and 
heated, nitrogen and water are evolved, selenium sublimes, and chloride 
of sodium is formed : the selenium is now pure, and may be converted 
by nitric or nitromuriatic acid into selenious acid, neutralized with soda, 
and this converted into seleniate by fusion with nitrate of soda, solution, 
and crystallization, as before. The solution of this pure seleniate may 
now be decomposed by nitrate of lead ; the insoluble seleniate of lead is 
well washed and diffused through water, into which a current of sulphu- 
retted hydrogen is passed to precipitate the lead : the liquid is boiled, to 
evaporate excess of sulphuretted hydrogen, and is now dilute selenic acid. 
Its purity, as respects fixed bodies, is determined by its perfect volatility; 
if sulphuric acid be present, it may be ascertained by boiling a portion 
with muriatic acid, which produces selenious acid, and then testing by 
muriate of baijta. 

Selenic Jicid is a colourless liquid, which may be heated to about 536® 
without decomposition ; it is partially changed at higher temperatures ; 
and at 554°, is rapidly resolved into selenious acid and oxygen. When 
concentrated, by exposure to a temperature of about 329°, it acquires a 
specific gravity of 2.524 ; at 513°, it is^2.6 : it may be rendered some- 
what denser by evaporation at higher temperatures ; but in that case a 
portion of selenious acid is formed in it ; and it is impossible to expel 
the whole of its water without decomposition, 

Selenic acid has a strong attraction for water, and evolves much heat 
when mixed with it ; sulphuretted hydrogen does not decompose it, and 
hence that gas may be used to decompose some of the metallic seleniates. 
When boiled with muriatic acid, selenious acid and chlorine are pro- 
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dttced, so that the selenio-muriatic acid dissolves gold u^n the same 
principle as the nitro-muriatic. It dissolves zinc and iron “with the 
evolution of hydrogen; and copper, with the production of selenious 
acid ; it also dissolves gold, but not platinum; sulphurous acid, which 
decomposes selenious acid, has no action on selenic acid; so that to 
decompose selenic acid in this way, it must first be boiled with muriatic 
add, which converts it into selenious acid, and the sulphurous add, or a 
sulphite, then effects the separation of selenium. The afi&nity of selenic 
acid for bases is little inferior to sulphuric acid, for seleniate of bar 3 rta is 
not completely decomposed by sulphuric acid. 

From the resemblance, in crystalline form, of the seleniates to the 
sulphates, Mitscherlich inferred that the proportion of oxygen in selenic 
acid shoidd correspond to that in sulphuric acid ; that it should be to 
the base as three to one; and to that in the selenious add as three to 
two. These views were confirmed by experiment; the selenic add, 
therefore, consists of 


Selenium 

1 


40 

... 62.6 

Mitscherlich. 

61.4 

Oxygen 

3 

• • • 

24 

37.6 

38.6 


T 



lOO.O 

100.0 


Selenium and Chlorine.— When chlorine is passed over selenium, 
it is absorbed with the production of heat, and a brown liquid chloride 
qf selenium (86 + sC), results, not very volatile, heavier than water, and 
gradually resolved by the action of water into muriatic and selenious 
acids. 

Exposed to excess of chlorine, this deutochloride absorbs an additional 
quantity, and becomes converted into a white aolid perc/tloride (86 + 3C), 
which volatilises when heated, and condenses in the form of delicate 
crystals. It dissolves with the evolution of heat in water, producing a 
colourless sour solution, which probably contains muriatic and selenic 
acids. 

Selenium and Bromine. — ^These substances readily combine with the 
evolution of heat into a reddish-brown fuming compound, having the 
odour of chloride of sulphur : it is converted by the action of water into 
hydrobromic and selenious acids. (Serullas, Jnn, de Chim, et Phys,^ 
XXXV., 349.) It is, therefore, probably a compound of 1 atom of 
selenium and 2 of bromine. (86 + s 6.) 

The iodide and jluoride of selenium appear not to have been examined. 

Selenium and Hydrogen; Seleniuretted Hydrogen; Hydro- 
SELENio Acid. (86 + A) or h86^. — ^This gaseous compound may most 
easily be obtained by the action of muriatic acid upon seleniuret of 
potassium or of iron. It is qplourless, and readily £ssolves in water, 
forming a solution at first colourless, but after a time acquiring a reddish 
hue: the solution smells and tastes somewhat like that of sulphuretted 
hydrogen; it reddens litmus^ and permanently tinges the skin of a 
radish brown. Nitric acid dropped into it occaeions no change, and the 
gas does not readily escape &om the water; but, when exposed to air, 
the solution gradually reddens, and deposits selenium. It occasions 
precipitates in all solutions of neutral metallic salts, which are black or 
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dark-brown, With the exception of those from sine, manganese, and^ 
cerium, which are flesh-coloured. 

Seleniuretted hydrogen is easily decomposed by the joint action of 
air and water: it is absorbed by moist substances, ^d soon communicates 
to them a red colour. The selenium is thus remarkably deposited 
throughout the texture of organic bodies. A piece of moist paper is 
penetrated by the red colour. Moist wood, and even a thin piece of 
caoutchouc, became in the same way red throughout. It exerts a 
dangerous action upon the trachea and organs of respiration; it inflames 
the eyes ; and painfully stimulates the nasal membrane, destroying for 
some hours the sense of smell. Berzelius states that in the first experi- 
ments which he made upon the inhalation of this gas, he let up into his 
nostrils a bubble about the size of a pea. It deprived me so completely 
of the sense of smell, that I could apply a bottle of concentrated ammonia 
to my nose without perceiving any odour. After five or six hours I 
began to recover the sense of smell, but a severe catarrh remained for 
about fifteen days." On another occasion, a little of the gas accidentally 
escaped ; it produced a sharp sensation in the nose, red eyes, and a dry 
and painful cough, at length succeeded by expectoration tasting like the 
vapour from a boiling solution of corrosive sublimate. Thdsc symptoms 
were removed by a blister to my chest. The quantity of seleniuretted 
hydrogen gas which on each of those occasions entered into my organs of 
respiration, was much smaller than would have been required of any 
other inorganic substance whatever to produce similar effects." {Ann, 
of PhiLj xiv., 101.) Dr. Prout, in his Bridgewater Treatise^ quotes the 
above passage, to show how small a quantity of foreign matter may, 
when diffused in the atmosphere, produce powerful effects upon the 
human system, and suggests the possibility of some such cause, as the 
origin of influenza, and some other epidemic disorders. 

The specific gravity of seleniuretted hydrogen has not been ascer- 
tained, but from its analysis (Berzelius, Ann, de Ckim, et Phys.^ ix., 335), 


it appears to consist of 




Eerzelius. 

Selenium 1 ... 

40 

• • • 

97.66 

97.4 

Hydrogen 1 ... 

1 


2.44 

2.6 

1 

41 


100.00 

100.0 


Selenium and Nitrogen have no mutual action, nor does selenium 
absorb ammonia; but when selenJuret of calcium and muriate of 
ammonia are mixed and distilled, a red fluid is obtained, of an hepatic 
odour, and decomposed by exposure to air, exhaling ammonia, *and 
leaving selenium. 

Selenium and Sulphur: Sulpiiuret of Selenium. Sulphur and 
selenium may be mixed by fusion in all proportions. An addition of 
about one per cent, only of sulphur renders selenium more red, fusible, 
and transparent when cold. A true sulphuret of selenium may be 
obtained by passing sulphuretted hydrogen into a solution of selenious 
acid : the fluid becomes turbid, and acquires a fine yellow colour, but 
the precipitate is long in separating, unless a little muriatic acid be 
added : when warmed, it acquires a red colour and viscid texture, and 
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may be distilled, without decomposition, at high temperatures. It is 
slowly acted upon by nitric acid, but nitromiiriatic acid easily decom-p 
poses it : it is soluble in the caustic hxed alkalis, and in their hydrosul- 
phurets, forming yellow solutions, from which acids precipitate it. 
Burned in the air, it at first exhales a sulphurous odour, but afterwards 
the smell of horseradish prevails. It is a bisulphurei of selenium 
{Se + 2 S), for it consists, according to Berzelius, of 


Selenium 

1 


40 

. . . 55.5 

Berzelius. 

55.21 

Sulphur 

2 

. . • 

32 

44.5 

44.79 


1 


72 

100.0 

100.00 


Selenium and Pnospiionus; Phospiiuret op Selenium. — Dropped 
into melted phosphorus, selenium forms a red compound, apparently 
soluble in all proportions in the fused phosphorus. When phosphorus is 
saturated with selenium, an easily fusible compound results, which, on 
cooling, acquires a brown lustre and vitreous fracture. When this 
phospiiuret of selenium is digested in water, a small portion of the phos- 
phorus is oxidized, and the water acquires the odour of seleniuretted 
hydrogen, aad deposits selenium when exposed to the air. The com- 
pound is dissolved when boiled in caustic potassa, and the solution 
contains phosphate and hydroseleniuret of potassa. (Berzelius, Ann. de 
Chim. et Phys.^ ix. 238.) 


§XL CARBON. 

The purest form of this elementary substance is the diamond^ a mineral 
body first discovered in Asia, in the provinces of Golconda and Visapour, 
in Bengal, and in the island of Borneo. About the year 1720, diamonds 
were first found in the district of Serra Dofrio, in Brazil, and from this 
locality the European market is now chiefly supplied. They occur in 
detached crystals in alluvial soil ; though it appears probable from a 
specimen described by Mr. Heuland, {GeoL Trans.^ 2nd scries, i. 419,) 
that in Brazil the real matrix is an iron-stone which forms beds resting 
on primary chlorite slate. According to Mr. Voysey, the diamonds of 
the Nalla Malla Mountains, in Hindostan, are found in a species of 
pudding-stone or breccia, composed of fragments of jasper, quartz, and 
calcedony. {Phil. Mag.^ 2nd series, i. 147.) The primitive form of the 
diamond is the regular octoedron, each triangular fiicet of which is 
sometimes replaced by six secondary triangles, bounded by curved lines : 
so that the crystal becomes spheroidal, and presents forty-eight facets. 
Diamonds, with twelve and twenty-four facets, are not uncommon. 
(Jameson’s Mineralogy^ 2nd edit., vol. i., p. 1.) The diamond has been 
found nearly of all colours: those which are colourless are most 
esteemed; then those of a decided red, blue, or green tint. Black 
diamonds are extremely rare. Those which are slightly brown, 'or 
tinged only with other colours, are least valuable. 

The fracture of the diamond is foliated, its laminee being parallel to 
the sides of a regular octoedron. It is brittle and very hard; its 
specific gravity varies from 3.4 to 3.6, it is most commonly 3.52. It 
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is a nonconductor of electricity, frequently phosphorescent (p. 199), and 
has a very high refractive power in regard to light, as compared with its 
density (p. 

The art of cutting smd polishing diamonds, though probably of 
remote antiquity in Asia^ was first introduced into Europe in 1456, by 
Louis Berghen, of Bruges, who accidentally discovered, that, by rubbing 
two diamonds together, a new facet was produced. The particular 
process of forming the rough gems into brilliants and rose diamonds has 
been described at length by Jefiries. (^Treatise on Diamonds and Pearls^ 
3rd edit., London, 1800.) By either of these processes, but especially 
by the former, so much is cut away, that the weight of the polished gem 
docs not exceed half that of the rough stone ; so that the value of a 
brilliant-cut diamond is esteemed equal to that of a similar rough 
diamond of twice the weight, exclusive of the cost of workmanship. 
The weight, and therefore the value of diamonds is estimated in carats^ 
150 of which are about equal to one ounce troy, or 480 grains. They 
are divided into halves, quarters, or carat grains, eighth, sixteenth, and 
thirty-second parts. 

The difference of value between one diamond and another of equal 
merit, is, generally speaking, as the squares of their respective weights : 
thus, the value of three diamonds, of one, two, and three carats' weight 
respectively, is as one, four, and nine. The average price of rough 
diamonds is estimated by JeflWes at 2/. per carat ; and, consequently, 
when wrought, the cost of the first carat, exclusive of workmanship, 
will be 8/., which is the value of a rough diamond of two carats. 


A wrouglit diamond of 3 carats is worth 

£. 

72 

fy 

4 ditto 

126 

99 

5 ditto 

200 

99 

JO ditto 

. . 800 

91 

20 ditto 

. 3,200 

99 

30 ditto 

7,200 

99 

40 ditto 

. 12,800 

99 

50 ditto 

20,000 

99 

60 ditto . 

. 28,800 

99 

100 ditto 

80,000 


This mode of valuation, however, only applies to small diamonds, in 
consequence of the difficulty of finding purchasers for the larger ones. 

The largest known diamond is probably that mentioned by Tavernier, 
ill the possession of the Great Mogul. Its size is about that of half an 
hen s egg ; it is cut in the rose form, and when rough, is said to have 
weighed 900 carats. It was found in Golconda about the year 1550. 
Among the crown-jewels of Russia is a magnificent diamond, weighing 
195 carats. It is the size of a small pigeon's egg, and was formerly the 
eye of a Brahminical idol, whence it was purloined by a French soldier ; 
it passed through several hands, and was ultimately purchased by the 
Empress Catherine, for the sum of 90,000/. in ready money, and an 
annuity of 4000/. Perhaps the most perfect and beautiful diamond 
hitherto found, is a brilliant brought from India by an English gentleman 
of the name of Pitt, who sold it to the Regent Duke of Orleans, by 
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vrhom it was placed among the crown jewels of France. It weighs rather 
more than 136 carats, and was purchased for 100,000/. In the year 
1828, a collection of ^amonds of extraordinary size and beauty was in 
the possession of Messrs. Bundell, Bridge, and Go., of London : the 
suite consisted of eight, of various shapes and sizes, the smallest weighing 
55 grains, and the laigest 151 grains: with one exception they were all 
brilliant cut. 

Charcoal. This is another well-known form of carbon: it is 
obtained in abundance by the destructive distillation of various organic 
products, and its characters and properties vary with its source. 

Charcoal may be prepared by heating pieces of wood in a dose 
vessel, or in a crucible covered with sand, to redness, and keeping them 
in that state for about an hour, or till all volatile matters are expelled. 
They are tlius converted into a black brittle porous substance, which 
appears to be essentially the same, from whatever kind of wood it has 
been procured. 

Common charcoal, employed as fuel, is usually made of oak, 
chestnut, elm, beech, or ash wood, the white and resinous woods being 
seldom used. Young wood affords a better charcoal than large timber, 
which is also too valuable to be thus employed. The billets are formed 
into a conical pile, which, being covered with earth or clay, is suffered to 
bum with a limited access of atmospheric air, by which its complete 
combustion, or reduction to ashes, is prevented. 

Another, and a more perfect mode of preparing charcoal, consists in 
submitting the wood to a red heat in a kind of distillatory apparatus 
consisting of cast-iron cylinders, from which issue one or more tubes for 
the escape of gaseous matters and vapours. The makers of gunpowder 
particularly prefer this process. (A plate of this apparatus is given by 
Mr. Parkes, in his Chemical Essays,) 

The quantity of charcoal obtained from different kinds of wood is 
liable to much variation. The following table drawn up from the 
experiments of Messrs. Allen and Pepys, {Phil, Trans,^ 1807,) and of 
Mr. T. Griffiths (Quar, Jour,^ xvi. 264), shows the produce of charcoal 
from 1000 parts of several varieties of dense and light woods. 


Ebony 

305 

Box 

• 

202 

Botany Bay-wood 

281 

Fir 

. 

181 

Brazil-wood 

260 

Lignum Vitm 

• 

. 176 

Eveoas-wood . 

225 

Oak . 

. 

174 

King-wood . • 

220 

Mahogany . 

. 

. 167 

Tulip-wood 

208 

Beech . 

. 

150 

Satin-wood . 

207 





Charcoal is a black, insoluble, inodorous, insipid, brittle, substance ; 
an excellent conductor of electricity, but a bad conductor of heat ; 
unchanged by the combined action of air and moisture at common tem- 
peratures, and easily combustible in oxygen gas. When pure it is 
perfectly infusible at all known temperatures. It is capable of destroying 
the smell and taste of a variety of vegetable and animal substances, and 
of abstracting certain substances dissolved in fluids. (Lowitz, CrelCs 
Annals^ vol. ii., p. 165.) The use of charring piles; of throwing 



C^IBOK. 


461 


charcoal into putrid water of wrapping it in clothes that have acquired 
a bad smell, of adding it to port wine, with a view of making it 
tawny, depends upon the aboye properties. M. Bussy has published 
some interesting obseryatiQns on the discolouring power of charcoal, in 
the Journal de Pharmacie for Jime, 1822, of which an abstract will be 
found in tlie Quarterly Journal^ xiii. 406. It appears from his experi- 
ments, that certain physical conditions are requisite for the manifestation 
of this property, especially porosity and minute division, and that it is 
not possessed by any hard and brilliant charcoal even when finely 
powdered. Upon this principle, he accounts for the superior efficacy of 
the charcoal obtained by burning animal substances, over that of vege- 
tables, in the destruction of colour. According to Payen, animal 
charcoal, boiled with lime-water, deprives it entirely of lime, an effect 
not produced by lamp-black or vegetable charcoal. {Quarterly Journal^ 
XV. 384.) 

Charcoal has generally been regarded as infusible. Upon this 
subject a series of experiments have been published by Professor 
Silliman, of which an abstract is given in the Quarterly Journal^ 
xvi., J 57 . 

Newly-made charcoal has the property of absorbing certain quantities 
of the difierent gases. Upon this subject the experiments of M. Theodore 
de Saussure are the most recent. (Thomson's Annals, vol. vi.) The 
charcoal was heated red-hot, then suffered to cool under mercury, and 
introduced into the gas. The following are the volumes of different gases 
absorbed by a volume of charcoal r= 1 . 


AiUmonia .... 90 

Muriatic acid . . .85 

Sulphurous acid . . 65 

Sulphuretted hydrogen . . 55 

Nitrous oxide ... 40 

Carbonic acid . . .35 


Bicarburetted hydrogen . 35 

Carbonic oxide . . . 9.42 

Oxygen .... 9.25 

Nitrogen • . . . 7*0 

Carburetted hydrogen . 5 

Hydrogen .... 1.75 


The absorption was always at its maximum at the end of twenty-four 
hours, not being increased by retaining the charcoal in the gas. When 
charcoal, already saturated with any one gas, is put into another, it gives 
out a portion of the gas already absorbed, and takes up a portion of the 
new gas. It would also appear that this absorptive quality partly de- 
pends upon the mechanical texture of the charcoal, and consequently will 
vary in the different woods; for, by exposing the charcoal of different 
woods to air, Allen and Pepys found that they increased very differently 
in weight. 

By a week's exposure, charcoal from 

Lignum-vitse gained . 9.6 per cent. Beech . . . 16.3 per cent. 

Pir ... 13.0 „ Oak • • • • 16.5 ,, 

Box ... . 14.0 „ Mahogany . . 18.0 „ 


* Well-burned charcoal shaken with I so that when filtered it is not only ino- 
water contaminated by sulphuretted hy- j dorous, but is not discoloured by solu- 
drogen, entirely deprives it of that gas, ' tion of lead. 
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The matter absorbed in these cases consisted principally of aqueous 
vapour, which is very greedily imbibed by newly-made charcoal. 

According to Vogel, when recently-ignited charcoal, "which has been 
cooled under mercury, is put into a jar of atmospheric air, it aibsorbs the 
oxygen of the air to a much greater extent than the nitrogen. (Schweig- 
gers Journal^ iv.) 

The above description of charcoal chiefly relates to that obtained from 
wood, and, therefore, distinguished by tlie name of wood-charcoal; it 
generally contains about one-flftieth of its weight of alkaline and earthy 
salts, which remain in the form of ashj after its combustion. 

Animal Charcoal, obtained by the carbonization of animal sub- 
stances, such as muscle, horn, or hoof, resembles the former in its general 
characters, but instead of retaining the form of the matter from which it 
is produced, as is the case with the generality nf vegetable charcoal, it 
appears as if it had undergone fusion, and often has a peculiar lustre 
and sponginess. The residuary charcoal, obtained by the distillation of 
bone, is called ivory-black in commerce, and is very impure, being mixed 
with the phosphate of lime and other salts contained in the earthy part 
of the bone. 

Lamp-black is prepared principally by the combustion .of refuse and 
residuary resin, left by the distillation of turpentine. It is burned in a 
furnace, so constructed that the dense smoke arising from it may pass 
into chambers hung with old sacking, where the soot is deposited, and 
from time to time swept off, and sold without any further preparation. 
(Aikiiis Dictionary^ Article Charcoal.) When lamp-black has been 
heated red-hot, it may be regarded as a very pure form of charcoal, for it 
bums entirely away, and leaves no residuary ash: when, however, the 
products of its combustion are very closely examined, it is found to yield 
traces of water, and therefore probably contains hydrogen in chemical 
combination. A substance analogous to lamp-black is obtained by passing 
the vapour of certain oils, and of hydrocarbonous compounds through 
red-hot tubes; at that high temperature they are more or less perfectly 
decomposed, and let fall a quantity of very impalpable charcoal, in which, 
however, as in lamp-black, traces of hydrogen may be detected. 

Coal-gas Charcoal. A very singular form of charcoal is occasionally 
deposited in coal-gas retorts, and in the tubes connected with them, 
resulting from the decomposition of the first products of the distillation 
of coal. It has a gray colour, and often exhibits a laminated texture ; 
its streak is black, and 4t breaks with an earthy fracture : its specific 
gravity is about 1.8. It sometimes happens that the gas escapes through 
some crack in the retort, in which case a peculiar carbonaceous deposit 
forms upon the surrounding brick-work, of a stalactitic character, an iron- 
gray colour, and considerable lustre ; it does not easily bum, nor does it 
soil the fingers ; and some specimens, as far as mere appearance goes, 
might be considered as metallic. Its specific gravity is about 1.75 
Some years ago, Mr. Charles Macintosh, of Glasgow^ made steel by passing 
coal-gas over ignited iron, placed in an air-tight iron chest: in this process 
much carbon was deposited in various states, but some of it assumed the 
remarkable form of capillary filaments, and tufts of a metallic lustre ; they 
were very difficult of combustion, .but when deflagrated with nitre yielded 
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no trace of iron, and were apparently pure carbon. All these forms of 
carbon were conductors, of electricity. (Colquhoun, Atm. of Phil., N. 
xii. 60.) 

Plumbago; Graphi:^; Black-lkab. This substance must be con- 
sidered as one of the forms of carbon. It is well known in the manu- 
facture of pencils, for which purpose it is almost exclusively obtained 
from tl\p mine of Borrowdale, at the west end of Derwent Lake, in Cum- 
berland, where it was first wrought during the reign of Elizabeth. In a 
less pure state it is not an uncommon mineral, occurring in dctaclied 
masses ^ilpally in primitive rocks. It is of an iron-gray colour, metallic 
lustre, and soft and greasy to the toucTi: its specific gravity varies from 
1.9 to 2.3; ii conducts electricity, is infusible, and very difficult of com- 
bustion: when burned in a stream of oxygen gas, it leaves a small 
quantity of yellow ash, composed chiefly of oxide of iron, but varying in 
quantity in different specimens. According to Vanuxen (Silliman's ,/oMr., 
X. 105), the following are the components of three varieties of this 
mineral^ the two first are the pure and impure varieties from Borrowdale, 
and tlie |h|rd a pure specimen from Bustletown, Pennsylvania. 



1. 

2 . 

3. 

Carbon 

88.37 

61.27 

05.4 

Water 

. 1.23 

5.33 

O.G 

Silica 

5.10 

10.10 

2.6 

Aluii^ 

. . 1.00 

3.20 

0.0 

Oxides of iron and 

manganese 3.00 

20.00 

• * 1.4 


99.30 

09.00 

loo.d 


Schrader analyzed the ashes remaining after the combustion of 200 
grains of English and 200 grains of Spanish plumbago, with the following 


results. (Ann. of Phil., i. 294.) 

BorniwdaU;. 

Spanish. 

Protoxide of iron , " . 

11.6 

14.2 

Silica .... 

.7.0 . . 

3.0 

Alun^jno , . . 

4.6 

2.4 

0]8dc of Copper 

. 0.0 

1.0 

Titanic acid 

A?. 

3.1 

■ * . 

29.5* 

23.7 


It seems probable, therefore, that in plumbago, the oxide of iron is in 
combination with titanic acid and silica, and not >vith the carbon so as 
to constitute a carburet of iron. 

Anthracite; Mineral Charcoal; Glance-Coal. The culm of 
Wales, and the Kilkenny^coal of Ireland, are species of this mineral. " It 
much resembles common coal in appearance, but is difficult of combustion, 
and bums without flame, smell, or smoke, and leaves very little ash. Its 
specific gravity is ^out 1.4. 

Coke is the carbonaceous residue of the distillation of pit-coal; it has 
a porous texture, and more or less lustre, frequently appearing metallic ; 
in small fragments it is very difficult of combustion in the flame of a 
candle, but when employed in large masses as fuel, it produces an intense 
and steady heat. • It varies extremely in purity,»but when very carefully 
prepared from the purest varieties of coal, it leaves very little residue 
after combustion. 
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^ ^ichrWB^vthe pxmeipal yaiieties caribon; Ae ^amond Uppeaw to 
be iUs element A ite pure form, for it bums away without residue, and 
. affords no appreciable traces of any foreign matter: the other forms of 
, caibon, on Ae contrary, yield indications of extraneous substances, such 
as hydrogen, or metals, or their oxides. Tliey are all infusible, and the 
porous yarieties are very bad conductors of heat: with the exception of 
ib& diamond, they conduct electricity, but some of them more perfectly 
Aan otKeie, and very dense and well-burned wood-charcoal almost rivals 
some of the metals in this respect; this circumstance, and the strong lustre 
of some of the species of charcoa][, seem almost to justify Ddbereiner in 
placing it among the metals undir the name of Carbonium. 

Carbon and Oxygen. Though these substances possess for each 
ofber a very powerful affinity, they do not combine at common tempera- 
tures: to this remark, however, there are, perhaps, some exceptions, and 
it appears that certain forms of carbon may exist, which produce carbonic 
acid whenever they come into contact with oxygen; these are^ probably, 
peculiar to organic combinations. « ^ f 

There are three ^ definite compounds of carbon and o\ygen; namely, 
the -carhonic oxide^ carbonic acid^ and oxalic acid; the oxalic acid is 
exclusively derived from organic products, and, in all its chemical rela- 
tions, is so connected with the vegetable acids^ that I shall refer i^ jtnd its 
combinations, to that class of bodies. Dobereiner has Ae 

carbonoug acid; but, as Berzelius observes, there is not Iha^llwlDgy 
between the oxalic and carbonic acids that exists in reference to the 
sulphurous, and phosphorous, and sulphuric, and phosphoric acids, and 
which would justify such A>menclature. 

Carbonic Oxide; Gaseous Oxide of Carbon. {CCLT+0.) "This 
gas, which was discovered by Dr. Priestly (Obs. on Air^ i. 298,) is usually 
obtained by subjecting carbonic acid, to the action of substances which 
abstract a portion of its oxygen. Upon Ais prisciple it is produced hf 
heatiag, in an iron retort, a mixture of chaft and ckarco^; or of equ£d 
weights of chalk and iron or zinc filings. It is also obtained by heating 
a mixture of equal parts of oxide of zinc and charcoal ; but the mixture 
that affords it most pure is equal parts of carbonate of baryta and clean 
iron-filings; these should be introduced into a small earthen retort, so as 
nearly to fill it, and exposed to a red heat: the first portion of gas being 
rejected as mixed with the air of the retort, it may afterwards be collected 
quite pure. The gas should be well washed with lime-water, and may 
Afterwards be preserved over water. Carbonic oxide may also be obtained 
by gently heating oxalic acid or binoxalate of potassa with five or six 
times its weight of sulphuric acid: the mixture efferveikne in ccmse- 
quence of the evolution of equal velumeaypf carbonic oxide and carbonic 
acid gas; the latter may be abstractedu^ a caustic alkalme solution, 
and pure carbonic oxide gas remains. (Dumas, Edinburgh Journal of 
.Science^ vi. 360.) 


*^U Gmelin includes croewUe acid 
anioi% tfie oomldRationB of cudMa and 
oxygens it is produced duringlMa^^^ 
of charcoal upon carbonate potassa 


at high temperaturcfi^ (se^ Potassium,) 
and consists according ia Gi^mlin of 6 
atoms of carbon and 4 taiMb (with 
a trace of hydrogen ?) 
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The. nature of carbonic oxide was first made known by Mr. Cruick- 
shank, of Woolwich, in 1802 (Nicholson’s 4to Journal^ v.); and about 
the same time it was examined by Messrs. Clement and Desormes. 
(Ann. de Chim.^ xxxix., 26.) 

The specific gravity of this gas compared to hydrogen is as 14 to 1; 
and to atmospheric air as 0.972 to 1000; 100 cubical inches weighing 
30.2 grains. It is fatal to animals, and produces giddiness and fainting 
when respired mixed with atmospheric air. (Phil. Mag.^ xliii., 367.) 
It extinguishes flame, and burns with a pale-blue lambent light, ^^hen 
mixed with, or exposed to, atmospheric air. Sir H. Davy found that the 
temperature of an iron wire, heated to dull redness, was sufficient to 
inflame it. It has no taste, and little odour ; it does not affect vegetable 
colours, occasions no precipitate in lime-water, and is very sparingly 
absorbed by water which has been deprived of air. When burned under 
a dry bell-glass of air or oxygen, no moisture whatever is deposited, 
showing that it contains no hydrogen. 

Carbonic oxide suffers no change by being passed and repassed 
through a red-hot porcelain tube ; nor is it decomposed at high tem- 
peratures by phosphorus, sulphur, nor even, according to the experiments 
of Saussure, by hydrogen (Journal de Phi/stque, Iv.), though it is stated, 
upon other authorities, that at high temperature . hydrogen does discom- 
pose it. When one volume of carbonic oxide is detonated with one 
of nitrous oxide, there result one volume of carbonic acid and one of 
nitrogen. (Henry, Ann of Phil.^ N.S.^ viii., 299.) On this principle is 
founded a method of ascertaining the purity of nitrous oxide, it being 
implied, that tliat gas is free from nitric oxide'. I^et a given volume, say 
100 measures, be exploded with slight excess of carbonic oxide, — if the 
nitrous oxide be pure, 100 measures of carbonic acid should be produced, 
and whatever is short of that proportion may be ascribed to impurity. 
None of the metals exert any action upon this gas, except potassium |Lnd^ 
sodium, which, at a red heat, burn in it by abstracting its oxygen, and car- 
bon is deposited. Dr. Henry found, that wherua mixture of carbonic oXide 
with more than half its volume of oxygen is exposed over mercury in 
contact with spongy platinum, to a temperature between 300° and 310°, 
it begins to be converted into oarbonic acid, and at a heat a few degrees 
higher, is quickly acidified. At common temperatures these mixtures 
are very slowly acted on. When carbonic oxide is added in an equal 
volume to a mixture of hydrogen and oxygen gases in explosive propor- 
tions, it prevents spongy platinilm from causing detonation; but the 
gases slowly act on each other, and form water and carhonic acid. The 
platinum occasions mixtures containing less carbonic oxide to explode. 
(PhiKTfans., 1824, p. 271.) 

""The composition of carbonic oxide is determined by the result of its 
combustion with oxygen, with which it forms carbonic acid. In this 
case, when two volumes of carbonic oxide and one of oxygen are acted 
on by the electric spark, detonation ensftes, and two volumes of carbonic 
acid are produced : hence it follows, that carbonic oxide contains half as 
much oxygen, and the same quantity of carbon, as carbonic /acid : if, 
therefore, «we assume .that it is constituted of one volume of gaseous 
carbon, and one volume of oxygen, (the specific gravity of the vapour of 

2n 
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carbon being 0.84, and the specific gravity of oxygen being 1.11,) the 
specific gravity of carbonic oxide should be 0.84 + Lila s 0.97, which 


agrees with the experimental result : or 


Grains. 


50 cubic inches of the vapour of carbon = 12.7 
50 „ oxygen . . = 17*3 


100 „ carbonic oxide . = 30- 

Assuming carbonic oxide to be a protoxide of carbon^ the number 6 
may be assumed as the equivalent of carbon, and carbonic oxide will 
consist of 


Carbon 


1 

6 

42.9 

Gny Liissac. 

43. 

Oxygen 

. . 

1 

8 

57.1 

57. 



T 

14 

lOO.O 

100. 


Or, by volume, as follows : 



Carbonic Oxide and Chlorine. Chlorocarbonic Acid. Phosgene 
Gas. {colt + 0 + C.) This gas was obtained by Dr. J. Davy, {Phil, 
Trans, ^ 1812, p. 144,) by the exposure to solar light of a mixture of 
equal volumes of chlorine and carbonic oxide, hence its name, from (puq 
lights and yimii to produce. The mixture diminished in bulk to half 
its original volume, and formed a compound of a very peculiar and 
pungent odour, but not disagreeable when considerably diluted. It 
reddens litmus ; is soluble in water, and resolved by it into carbonic and 
muriatic acid gases. Alcohol takes up 12 times its volume, and acquires 
a peculiar taste, and the odour of the gas. The specific gravity of 
chlorocarbonic acid to hydrogen is as 50 to 1, and to common air as 
3.479 to 1. 100 cubical inches weigh about 106 grains. 

When tin or zinc are heated in one volume of this gas, they abstract 
and combine with the chlorine, and evolve one volume of carbonic oxide, 
hence chlorocarbonic acid consists of Or, by volume 

Carbon . . 1 . . 0 . . 12 

Oxygen . . 1 . . 8 . . 16 

Chlorine . . I . . 36 . . 72 

1 50 100 

Chlorocarbonate op Ammonia. Chlorocarbonic acid condenses four 
times its volume of ammoniacal gas, producing a peculiar deliquescent 
compound of a white colour, which is resolved by the action of water 
into muriate and carbonate of ammonia. This salt is also decomposed 
by sulphuric, nitric, and muriatic acid, which evolve from it two volumes 
of muriatic and one volume of carbonic acid; it dissolves without 
effervescence in acetic acid, and sublimes unaltered, when heated in 
carbonic or sulphurous acid gas. V 
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Its component parts are 

Carbon I . . 6 . . 7.2 j 

* Oxygen I . . 8 . . 9.5 [ Chlorocarbonic acid I . . 50 . . 59.5 

Chlorine I . . 38. . . 42.8) 

Hydrogen 6 . . 6 . . 7.2\ a . ^ 

Nitrog^ 2 . . 28 . . 33.3r i ^ ■ 40.5 

I 84 100.0 * 

Carbonic Acid; Fixed Air; Aerial Acid. (C + so) or CaT'. This 
important compound was discovered by Dr. Black, in 1757, and described 
by him under the name of ^p\ved air^ in bis inaugural dissertation on 
magnesia. It may be obtained by burning carbon, either pure charcoal 
or the diamond, in oxygen gas : the oxygen suffers no change of bulk, 
so tliat the composition of carbonic acid may be learned by comparing 
its weight with that of an equal volume of pure oxygen. 

The combustibility of the diamond seems first to have occurred to 
Newton (p. 176). In the year 1694, the Florentine Academicians 
verified his anticipations, and proved its dcstructibility by heat by means 
of a burning lens. The products of its combustion were first examined 
by Lavoisier in 1772, and subsequently with more precision by Guyton 
Morveau, in 1765. (Ann, de Chim.^ xxxi.) In 17973 (PhiL Trans.^) 
Mr. Tennant demonstrated the important fact, that when equal weights 
of diamond and pure charcoal were submitted to the action of red-hot 
nitre, the results were in both cases the same: and, in 1807, (Phil. 
Trans.^) the combustion of the diamond in pure oxygen was found by 
Messrs. Allen and Pepys to be attended with precisely the same results 
as the combustion of pure charcoal. 

When the diamond is heated in the flame of the blow-pipe it soon 
begins to burn, and the combustion continues as long as the temperature 
is sufficiently high, but it does not produce heat enough, during its 
combination with the oxygen of the atmosphere, to maintain its com- 
bustion. If, whilst tlius burning, it be introduced into a jar of pure 
oxygen, the combustion continues longer, and sometimes till the whole is 
consumed : the best support for it, in this experiment, is a small loop of 
platinum wire, or a very small and thin platinum spoon, perforated with 
many holes ; in this it may first be intensely heated by the oxygen blow- 
pipe, and whilst burning, carefully immersed into a bottle of pure oxygen 
gas containing a little lime-water : a good cork, through which the wire of 
the spoon passes, should secure the mouth of the bottle : it will thus go 
on burning brilliantly for some time, and the formation of carbonic acid 
be shown by the milkiness- of the lime-water. 

The combustion of the diamond may be more perfectly effected by 
placing it upon a platinum capsule in a jar of pure oxygen inverted over 
mercury, and throwing upon it the focus of a burning lens. Sir H. 
Davy, when at Florence, in 1814 (Phil. Trans. 1814, p. 558), used for 
this purpose the same lens which was employed in the first trials on the 
action of solar heat on the diamond, instituted by Cosmo III., Grand 
Duke of Tuscany : he found that the diamond continued to bum in the 
oxygen, after being withdra^^n from the focus, with so brilliant a light as 
to be visible in the brightest sunshine, and with very intensb heat. 
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The following is another form of apparatus which may he conveniehtly 
employed for exhibiting the results of the combustion of the diamond. 

It consists of a glass 
globe, of the capacity of 
about 1 40 cubical inches, 
furnished with a cap, 
having a large aperture ; 
the stop-cock, which 
screws into this cap, has 
a jet. A, rising from it, 
nearly into the centre of 
the globe; this is de- 
stined to convey a small 
stream of hydrogen, or 
other inflammable gas. 
Two wires, cc, terminate 
at a very little distance 
from each other, just 
above this jet, and are 
intended to inflame the 
stream of hydrogen by 
electrical sparks ; one of 
them commences from 
the side of the jet, the 
other is enclosed and in- 
sulated nearly in its 
whole length in a glass 
tube : the tube and wire 
pass through the upper 
part of the stop-cock, and the wire terminates on the outside in a ball 
or ring, D, at which sparks are to be taken from the machine, either 
directly or by a chain. On the end of the jet is fixed, by a little socket, 
a small capsule b, made of platinum-foil. This capsule is pierced full of 
small holes, and serves as a grate to hold the diamonds. Its distance is 
about three quarters of an inch from the end of the jet; and the arm, by 
which it is supported, is bent round, so that the stream of hydrogen shall 
not play against it. The stop-cock screws by its lower termination, on 
to a small pillar, fixed on a stand, and at the side of this pillar is an 
aperture, by which a bladder filled with gas may be connected with the 
apparatus. 

On using the apparatus, the diamond is to be placed in the capsule; 
and then the globe being screwed on to the stop-cock, the latter is to be 
removed from the pillar and placed on the air-pump ; the globe is then 
to be exhausted, and afterwards filled with pure oxygen; or, lest the 
stream of oxygen in entering should blow away the diamond, the globe 
may be filled with the gas first, and then, dexterously taking out the 
st(ij>^ock for a short time, the diamonds may be introduced, and the stop- 
cock replaced. The apparatus is then to be fixed on the pillar, and a 
bladder of hydrogen gas attached to the aperture. Now, passing a current 
of sparks between the wires, a small stream of hydrogen is to be thrown 




COMBUSTION OF THK DIAMOND. 


469 

in, which inflaming, immediately heats the capsule and diamonds white- 
hot; the diamonds will then enter into combustion, and the hydrogen 
may be immediately turned off and the bladder detached. The diamonds 
will continue to bum, producing a strong white heat, until so far reduced 
in size as to be cooled too low by the platinum with which they lie in 
contact. When the flame of hydrogen is used to heat^the diamonds, it is 
» evident a little water will be formed in the globe, but this is of no conse- 
quence except in attempts to detect hydrogen in the diamond; the 
inconif^nicnce may be obviated, if required, by using the flame of carbonic 
oxide. As, however, no hydrogen has at any time been detected in the 
diamond, it is better to use that gas as the heating agent; for then the 
carbonic acid, produced by the combustion, is unmixed with that from 
any other source, and may be collected, and its quantity ascertained. 

The following method of illustrating the products of the combustion 
of the diamond was employed by Messrs. Allen and Pepys {Phil. Trans.^ 
1807): a a are mercurial gasometers, one of which is filled with pure 
oxygen gas. The brass tubes h 6, properly supplied with stop-cocks, issue 



from the gasometers, and are connected with the platinum tube c c, which 
passes through the small furnace d, e is a glass tube passing into the 
mercurio-pneumatic apparatus, by which the gas may be drawn out of 
the gasometers into convenient receivers. A given weight of diamond is 
introduced into the centre of the platinum tube, which is then heated «to 
bright redness, and the gas passed over it, backwards and forwards^ by 
alternately compressing the gasometers. Carbonic acid is soon formed, 
and it will be found tW the increase of weight sustained by the oxygen 
is equivalent to that lost by the diamond; that the oxygen undergoes no 
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;b%yih^ a rimilar combustion of perfectly pure charcc^. 

When i^afboe/ is burned in oxygen, the phenomena of the combustion 
Tery much depend upon the nature of the charcoal, which, if well burned, 
and of a dense wood, glows with intense heat and gradually disappears, 
but if of a lighter wood, and especially if covered with portions of the 
bark, throws off jets of brilliant sparks, and furnishes one of the most 
striking experiments. 

For all the common purposes of experiment, carbonic acid is best 

procured by the action of 
muriatic acid upon white 
marble, which, in small fra;^- 
ments, is introduced into tlie 
two- necked bottle n, and 
covered with water; muriatic 
acid is then slowdy poured 
dowm the funnel which 
causes an immediate eller- 
vescence, and the gas passes 
^ through the bent tube c, into 
i the inverted jar d. When 
1 the action ceases, it may be 
I renowned by the addition of 
— fresh acid, until the whole of 
the marble is dissolved. 

Carbonic acid may be collected over water, but must be preserved in 
vessels with glass stoppers, since water, at common temperature and 
pressure, slowly absorbs it. Thus obtained, it is a colourless gas, of a 
slightly sour odour, considerably heavier than atmospheric air, its specific 
gravity being about 1.52. Compared with hydrogen its specific gravity 
is as 22 to 1, and 100 cubic inches w^eigh 47.25 grains. At all common 
temperatures and pressures it retains the gaseous state, but when duly 
subjected to great pressure it becomes liquid. To effect its liquefaction 
Mr. Faraday poceeded as follows ;--^A strong tube, of about one- fourth 
of an inch diameter and eight inches long, being bent, at about two 
inches from its end, to an obtuse angle, and sealed at the shorter end, 
sulphuric acid was poured in through a small funnel, so as not to soil the 
larger leg, which was then loosely filled with fragments of carbonate of 
ammonia, and also hermetically sealed; the acid was then made to run 
upon the salt, and the evolved carbonic acid gradually appeared in the 
liquid form. The utmost precautions are here necessary to guard against 
explosion; such as goggles and a glass mask to preserve the face and 
eyes, and thick gloves for the hands: the tubes should also never be 
touched without great care; for sometimes, after having held the fluid 
safely for weeks together, they have exploded from some very slight 
increase of temperature. {Phil. Trans,^ 1823.) 

Liquid Carbonic Acid is limpid, colourless, extremely fluid, and 
floats upon the other contents of the tube: it distils readily and rapidly 
at the difference of temperature between 32° and 0°. Its refractive 
power is much less than that of water. No diminution of temperature 
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alters |ls bu Mdeayeiut to open Oie tubes at ene end, they 

always bufst into fragments with powmfril explosion. By enelosing a 
page in a 'tube, in which fluid carbonic acid was afterwards produced, 
it was found that its vapour exerted a pressure of 36 atmospheres at a 
temperature of 32°. Mr. Brunei has endeavoured to apply this liquid as 
a mechanical agent for the production of motive power. Of this attempt 
a short account will be found in the Quarterly Journal (Old Series, 
xxi. 131.) 

Liquefied carbonic acid exhibits a remarkable property in respect to 
its expansibility by heat, in which it appears, from M. Thilourier s state- 
ment (ylwn. de Cliitn, et Phys.^ lx., 427), to exceed even that of the 
gaseous acid, or of air. Thus from 0 to + 30 (centigrade) its bulk 
increases from 20 to 29 (which is 4 times greater than the dilatability of 
air within the same range). From 0° to -h 30 (cent.) the })ressuro of 
the vapour furnished by the liquefied gas, ri'^es from 3G to 73 atmospheres, 
which is one atmospliere of increase for each centigrade degree. Liquid 
carbonic acid is pe'^fectly insoluble in neater and in the fat oils, but it is 
soluble in all proportions in alcohol, ether, oil of turpentine, and carburet 
of sulphur. 

A jet of liquid carbonic acid, emitted upon the bulb of a spirit ther- 
mometer, sinks it to — 90 (cent.), but the general frigorific effects do not 
correspond with this depression of temperature, in consequence of the 
almost entire want of conducting power in the gas, and its little capacity 
for heat. But as the case is difFcrcut wdth regard to vapours^ Thilourier 
tried the effect of a jet of liquid carbonic acid mixed with ether, and 
in this way he succeeded in producing a cold blow-ptpe, wdiich froze 50 
grammes of mercury in a small glass capsule in a few seconds. 

Solid Carbomo Acid. ^Ir, Thilourier has shown that carbonic acid 
may be obtained in a solid form by suffering a jet of the liquid acid to 
issue into a small phial, which immediately becomes lined by a white 
flocculent powder, consisting of the carbonic acid solidified or frozen by 
the intense cold resulting from its own evaporation. In this state it 
moves about upon any polished surface, like a drop of water upon white- 
hot iron, and soon disappears ; put into a closely-corked phial, it imme- 
diately fills it with a dense vapour and blows out the stopper. The 
temperature required for the congelation of liquid carbonic acid appears 
from M. Thilourier s statement to be about 100'^ below the 0° of the centi- 
grade scale. 

Carbonic Acid Gas is perfectly unrespirable, for on attempting to 
breathe it in a pure state the epiglottis is spasmodically closed, and no 
air entering the lungs, suffocation is the direct consequence. When it is 
so far diluted with air as to admit of being received into the lungs, it 
then operates as a narcotic poison, producing drowsiness and insensibility, 
and this, even when a candle will burn in the mixture (Christison on 
Poisons). Hence the danger of a confined room in which a pan of 
burning charcoal is placed. Butterflies, and other insects, of which it is 
desired to preserve the colours unimpaired, may sometimes be conveniently 
suffocated by this gas. Carbonic acid immediately extinguishes the flame 
of a taper, and this even when considerably diluted with atmospheric 
air. In this way its weight may be conveniently shown by placing 
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a lighted taper at the bottom of a tall glass jar, and then pouring the gas 
out of a bottle into it, in the manner of a liquid; it descends, and ex- 
tinguishes the flame, and will remain for some time in the lower part of 
the vessel. Like other gases, however, notwithstanding its specific gravity, 
it soon blends with, and diffuses itself through, the mass of surrounding 
. air. In wells, and in some caverns, carbonic acid frequently occupies the 
lower parts, while the upper parts are free from it. 'fhe miners call it 
choak damp. In these cases it issues from crevices in the earth, and is 
produced by unknown sources. In consequence also of its weight, it may 
be collected without the pneumatic apparatus, as it issues from a tube 
passed to near the bottom of a dry bottle: it soon displaces the common 
air, and may be traced, flowing over the neck of the bottle, by holding a 
taper to it, which is then extinguished. (See this mode of collecting gas 
described at p. 334.) 

When water is agitated in carbonic acid, it takes up its own volume 
of the gas at common temperature and pressure, and acquires a very 
slight increase of specific gravity. Under a pressure of two atmospheres 
it dissolves twice its volume, and so on. It thus becomes brisk and tart, 
and reddens delicate vegetable blues. If litmus paper, thus reddened, 
be exposed to the air, the blue colour returns as the acid evaporates; 
hence an easy distinction between the paper reddened by any of the more 
fixed acids, in which the change of colour is, permanent. In the same 

way, infusion of litmus thus red- 
dened becomes blue when the car- 
bonic acid is expelled by boiling. 
By freezing, boiling, or exposure to 
the vacuum of the air-pump, the 
gas is given off, and it gradually 
makes its escape when exposed to 
air, collecting in small bubbles upon 
the sides of the containing vessel, 
and passing off with especial ra- 
pidity when any foreign substances 
are thrown in, or when any sub- 
stance is dissolved in the water; 
thus it is, that sugar added to soda- 
water, cyder, champagne, or other 
similar carbonated liquors, occasions 
in them an immediate and abundant 
effervescence. 

Porter, ale, cyder, and many 
other beverages, also derive their 
briskness from carbonic acid. The 
effervescent quality of many mineral 
waters is also referable to the pre- 
sence of this gas, and they are often 
imitated by condensing carbonic 
acid into water, either by a con- 
densing pump, of which a de- 
scription is given by Mr. Pepys 
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{Quarterly Journal of Science and Arts, it. 305), or by a NootKs appa- 
ratus, as represented in the preceding wood-cut (fig. 224). It consists 
of three vessels, the lowest, a, Sat and broad, so as to form a steady sup- 
port; it contains the m&terials for evolving the gas, such as pieces of 
marble and dilute muriatic acid, of which fresh supplies may occasionally 
be introduced through the stopped aperture. The gas passes through the 
tube b, in which is a glass valve opening upwards, into the vessel c, 
containing the water or solution intended to be saturated with the gas, 
and which may occasionally be drawn off by the glass stop-cock, into 
this dips the tube of the uppermost vessel d, which occasions some pres- 
sure on the gas in c, and also produces a circulation and agitation of the 
water. At th^op of d is a heavy conical stopper, which acts as an 
occasional vafve, and keeps up a degree of pressure in the vessels. 

Tho/^fJresence of carbonic acid is instantly detected by lime-water, 
whiplfit renders turbid, and causes a deposit of a white powder, which is 
Qdrhonate of lime. The addition of water, saturated with carbonic acid, 
to lime-water, also occasions a milkiness from the same cause. If excess, 
either of the gas or of its aqueous solution, be added to the lime-water, 
the precipitate is re-dissolved, carbonate of lime being soluble in carbonic 
acid. (See Lime.) 

As all common combustibles, such as coal, wood, oil, wax. tallow, &c., 
contain carbon as one of their component parts, so the combustion of these 
bodies is always attended by the production of carbonic acid. It is also 
produced by the respiration of animals; hence it is detected, often in 
considerable proportion, in crowded and illuminated rooms, which are ill 
ventilated, and occasions difficulty of breathing, giddiness, and faintness. 
In the atmosphere it may also be detected, as has already been mentioned 
(page 410). Saussure found it in air from the summit of Mont Blanc; 
and Humboldt discovered it in air brought by Gamerin from a height of 
many thousand feet, to which he had ascended in a balloon. Its pro- 
duction in the lungs is easily shown, by blowing the expired air through 
lime-water by means of a small tube; it becomes milky, and soon deposits 
carbonate of lime. 

As carbonic acid is often retained^ in combination by feeble affinity, 
so it is evolved from some of the carbonates by the simple opera- 
tion of heat. Thus chalk, when heated, gives out carbonic acid, and 
becomes quicklime. It is also evolved from its combinations by most of 
the other acids ; and if dilute nitric, muriatic, or sulphuric acid be poured 
upon the carbonates, the presence of carbonic acid is indicated by 
effervescence. 

Carbonic acid retards the putrefaction of the greater number of animal 
substances: applied to the roots of vegetables in aqueous solution, it is 
generally propitious to their growth, as will be more fully shown in a 
foture chapter. Most plants thrive in an atmosphere containing not 
more than a tenth or twelfth part of carbonic acid; and under certain 
circumstances, which will afterwards be explained, they decompose it, 
and evolve oxygen. 

At high temperatures, carbonic acid is decomposed by several of 
the metals, and converted into carbonic oxide; and potassium and 
sodium, when sufficiently heated, bum in it, and are converted into 
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potassa and soda, whilst the carbon or charcoal of the ps is thrown doym 
in the solid form; the carbonic acid obtained by burning the diamond in 
oxygen, when thus decomposed, yields its carbon in the form of a black 
powder. There are some other substances which, at high temperatures, 
are capable of decomposing carbonic acid, and abstracting part of its 
oxygen ; thus, if a mixture of two parts of hydrogen and one of carbonic 
acid, by volume, be passed through a red-hot tube in the apparatus 
represented at p. 395, water is formed, and carbonic oxide passes into the 
receiver d, mixed with the excess of ‘hydrogen. Dr. Henry also found 
that by passing a succession of electric sparks through carbonic acid 
confined over mercury, a portion of it "was resolved into carbonic oxide 
and oxygen. (Phil, Trans,^ 1809, 448.) When the carbonic acid >Yhieh 
escapes decomposition has been washed out by solution of potassa, an 
electric spark inflames the residuary mixture, the oxygen and carbonic 
oxide again uniting and reproducing carbonic acid. 

Phosphorus, when heated in carbonic acid, does not decompose it; 
whence it might be inferred that carbon possessed a stronger affinity for 
oxygen than phosphorus; and such an inference is sanctioned by the 
decomposition of phosphoric acid, at high temperatures, by charcoal : but 
if complex attraction be brought into action, the case is altered, as was 
first shown by Mr. Tennant (Phil. Trans.., 1791, p. 182), and afterwards 
by Dr. Pearson (Phil. 2'rans., 1792, p. 280). Thus it is, that certain 
carbonates are deconiiposed, at high temperatures, by phosphorus: if the 
vapour of phosphorus be passed over ignited carbonate of lime, or 
carbonate of soda, charcoal is deposited, and phosphate of lime or phos- 
phate of soda produced. 

If carbonic acid be passed over red-hot charcoal, it becomes converted 
into carbonic oxide, by taking up an additional proportion of base. The 
blue flame, often seen upon the surface of a charcoal fire, arises from the 
combustion of the carbonic oxide formed in this way ; the air entering at 
bottom, forms carbonic acid, which, passing through the red-hot charcoal, 
becomes converted into carbonic oxide. At a bright red heat, iron and 
zinc decompose carbonic acid, by abstracting a portion of its oxygen, and 
forming oxide of iron or of zinc, and carbonic oxide. 

It has been above stated that when carbon is burned in oxygen gas, 
carbonic acid is formed equal in volume to that of the oxygen, so that 
the difierence of specific gravity between oxygen and carbonic acid 
leads to the quantity of carbon which it contains, and the weight of pure 
carbon taken up by a given bulk of pure oxygen gas, may thus be directly 
determined by experiment. Assuming the specific gravity of carbon 
vapour to be 0.84, and that of oxj^en gas 1.11, and that a volume of 
carbonic acid consists of one volume of oxygen, and half a volume of 
carbon vapour, its specific gravity should be (1.11 +.42) = 1.52; or 

Grains. 

60 Cubic inches of carbon vapour weighing . , . , . . 12.7 

100 „ oxygen gas „ 34.6 

carbonic acid should weigh 


too 


47.3 
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Both these statements closely agree with the experimental result; 
carbonic acid, therefore, consists of 


Carbon 

Oxygen 


6 

16 


27.27 

72.73 


Allen nnd Pepys. 
28.6 
. 71.4 


1 22 


100.00 100. 


Or it may be represented by volume 
thus*: — 


Carbon. 


Oxygen. 


1 


r iirbuuic 
Acid. 


Carbonic Acid and Ammonia; Carbonatij: or Ammonia. (A+CCIT^.) 
When one volume of carbonic acid and two volumes of ammonia are 
mixed in a glass vessel over mercury, a complete condensation ensues, 
and a carbonate of ammonia is produced in the form of a white powder +. 
This salt, therefore must consist of 


Ammonia 

1 


17 

43.5 

Carbonic acid 

1 

. • 

22 

56.5 


1 


39 

100.0 


According to Berzelius, water decomposes this salt, and converts it into 
a sesquicarbonate. 


* It has been customary to represent 
carbonic acid as a compound of one 
volume of the vapour of carbon and one 
volume of oxygen, the two volumes being 
condensed into one of carbonic acid, and, 
upon this principle, tlie specific gravity 
of the vapour of carbon, in reference to 
the specific gravity of hydrogen, has 
been assumed as 6 to 1, or in reference 
to that of oxygen as G to 16. Upon this 
hypothesis, therefore, a volume of car- 
borne oxide would consist of one volume 
of the vapour of carbon and half a volume 
of oxygen, or 


Carbon. 

Oxygen. 

8 


Cnrboiiic 



Oxide. 

6 



14 


and a volume of carbmic acid would 
consist of one volume of carbon vapour 
and one volume of oxygen, or 


Carbon. 

Oxygen. 


Carbonic 



Acid. 

6 

16 


23 


But, it has been justly observed by Mit- 
scherlich (J^ehrhuch der Chemie, i. 84) that 
this view of the specific gravity of carbon 
vapour is inconsistent with analogous 
gaseous combinations, and that, as we 


cannot determine the point experiment 
tally (as with sulphur and phosphorus), 
analogy is our only guide. And as we 
find, in all other cases, that when one 
volume of one gas combines with one 
volume of another, no condensation en- 
sues (one volume of nitrogen and one of 
oxygen forming two of nitric oxide, and 
one volume of hydrogen and one of chlo- 
rine forming two volumes of muriatic 
acid, &c.) but lhat, 011 the other hand, 
condensation does ensue when one vo- 
lume of one gas combines wdth half a 
volume of another (one volume of nitro- 
gen and half a volume of oxygen foi’ming 
one volume of nitrous oxide, and one 
volume of hydrogen and half a volume 
of oxygen forming one volume of steam), 
so it is probable that one volume of 
carbonic oxide is constituted of half a 
volume of carbon vapour, and half a 
volume of oxygen ; and that one volume 
of carbonic acid is constituted of half a 
volume of carbon vapour and one volume 
of oxygen. Upon this view of the sub- 
ject, therefore, the specific gravity of 
carbon vapour would be 0.84 instead of 
0.42; or, in reference to hydrogen, 12 
instead of 6; and, as far as the theory 
of volumes is concerned, carbon would 
thus resemble oxygen. 

According to Berthollet, if the 
gases \ie perfectly dry^ condensation does 
not ensue. 
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Bicarbonate of Ammonia. (A + s CCLT ^>) — If water be present, 
ammonia and carbonic acid condense each other in equal volumes, and 
consequently a bicarbonate is the result ; but it does not exist in an 
anhydrous state. It is also formed when the common carbonate is kept 
for some time in imperfectly closed vessels, in which cases it loses 
ammonia, and becomes inodorous, and less soluble in cold water. When 
carbonic acid is passed through a saturated aqueous solution of the 
common carbonate, this salt is also produced, and may be brought to 
crystallize ; it forms right rhombic prisms, soluble in about 8 parts of 
cold water; inodorous, and of little taste; containing, according to Berze- 
lius, 22.7 per cent, of water. This salt consists, therefore, of 


Ammonia 

1 


17 

21.5 

R. Phillips. 
21.16 

Carbonic acid 

2 


44 

55.7 

, . 55.50 

Water 

2 


18 

22.8 

23.34 


1 


79 

lOO.O 

100.00 


Sesquicarbonate op Ammonia. (A + CCLTf .) — ^The carbonate of 

ammonia of commerce is generally met with in cakes broken out of the 

subliming vessel, being 
obtained by sublimation 
from a mixture of sul- 
phate or muriate of am- 
Carbonatb monia, and carbonate of 
orLfME. lime. When the muriate 
is used, the results of 
the decomposition are 
carbonate of ammonia, 
water, and chloride of 
calcium, the two former being in combination, so that a hydrated car- 
honate of ammonia is always obtained. Supposing the materials perfectly 
dry, the water is formed by the union of the hydrogen of the muriatic 
acid with the oxygen of the lime, as shown in the annexed diagram. 

Mr. Richard Phillips has shown {Quarterly Journal^ vii. 294,) that 
this carbonate of ammonia, the ammonias suhcarhonas of the Pharma- 
copoeia^ consists of 


Ammonia 

2 

34 

28.8 

Carbonic acid 

3 

66 

56.0 

Water 

2 

18 

. 15.2 


T 

TlT 

100.0 


As far, therefore, as relates to the proportion of the carbonic acid to 
the ammonia, this salt is intermediate between the carbonate and bicar- 
bonate, or a sesquicarbonate of ammonia. Its odour is pungent ; its taste 
hot and saline; it reddens turmeric, and haa an alkaline reaction upon 
other vegetable colours. It is much used as a stimulant and antacid in 
medicine, and is commonly called smelling salts. A pint of water at 
60^ dissolves rather less than four ounces. This solution is directed in 
the Pharmacopoeia^ under the name of Liquor Amnumice Subcarbonatis. 
If a hot saturated solution of this salt be made in a close, vessel, and 
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suffered to cool, it deposits octoedral crystals. Exposed to air, it loses 
ammonia, and becomes the hydrated bicarbonate above described. 

Carbon and Chlorine ; Chlorides op Carbon. — For our knowledge 
of the compounds of carbon with chlorine we are indebted to Mr. Fara- 
day, {Phil Trans., 1821, p. 47.) By exposing carburetted hydrogen, 
mixed with great excess of chlorine, to the action of light, a white cry- 
stalline substance is formed, which, when purified by washing with water, 
is a perchloride of carbon. It is formed as follows: A glass vessel, 
capable of holding about 200 cubic inches, is properly mounted, with a 
stop-cock, and exhausted upon the air-pump: it is then nearly filled 
with chlorine, and afterwards placed in connexion w ith a jar of olefiant 
gas standing over water, and, as much as can enter having passed in, the 
cocks are shut, and the whole left for a short time: when the fluid com- 
pound of chlorine and carburetted hydrogen has formed, the cocks are 
reopened, and a fresh portion of carburetted hydrogen rushes in, in con- 
sequence of the condensation which has taken place; this is left, as 
before, to combine with the remaining chlorine, and the process continued 
until no further action ensues, and the vessel is, in fact, full of carburetted 
hydrogen: chlorine is then similarly admitted, in repeated portions, and, 
ultimately, a quantity of the liquid hydrochloride of carbon is obtained, 
with an atmosphere of chlorine above it: in this state it is exposed to 
the direct rays of the sun. The chlorine speedily disappears, and muriatic 
acid is formed: this is absorbed by the admission of a little water; 
another atmosphere of chlorine is then admitted, and exposure to the sun 
repeated ; by continuing these operations, crystals are at length formed 
in the liquid ; these are to be collected, washed, and pressed between 
bibulous papers, then introduced into a glass tube, and sublimed by a 
spirit-lamp; the pure substance with water, will rise at first, but the last 
portions will be partially decomposed, muriatic acid will be liberated, 
and charcoal left. The sublimed portion is then to be dissolved in 
alcohol, and poured into a weak solution of potassa, by which the sub- 
stance is thrown down, and the muriatic acid neutralized and separated ; 
then wash the substance with repeated affusions of water, collect and 
dry it, first between folds of paper, and then in the exhausted receiver 
of the air-pump. If quite pure, it sublimes without any change ; and 
a small portion dissolved in ether gives no precipitate with nitrate of 
silver. 

Sesquichloride op Carbon thus purified is nearly tasteless; its odour 
resembles camphor ; its specific gravity is about 2 ; it is a non-conductor 
of electricity, and powerfully refracts light. It is volatile, and in close 
vessels fuses at 320° ; it boils at 360°, and may be distilled without de- 
composition : its vapour again condenses in crystals as it cools. It is not 
very combustible, but burns when held in the fiame of a spirit-lamp, 
with the emission of much smoke and acid fumes. It bums vividly in 
oxygen gas. It is insoluble in water, but readily soluble in alcohol and 
ether ; these solutions deposit arborescent and quadrangular crystals. It 
also dissolves in volatile and fixed oils. It is scarcely acted upon by 
alkaline and acid solutions; but most of the metals decompose this 
substance at a red heat. Potassium burns brilliantly in its vapour, 
causing the deposition of carbon, and the production of chloride of 
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potassium. The metallic oxides also decompose it at high temperatures, 
producing metallic chlorides, and carbonic acid or oxide, according to 
the proportion of oxygen present; no water is produced, showing the 
absence of hydrogen in the compound. It appears, from various 
analytical experiments upon this compound, among which may be 
mentioned its decomposition by passing it through red-hot peroxide of 
copper, that it is a sesquichloride of carbon (Cfl7*4-HC), consisting 
therefore of 

Carbon . . 1 . . 6 . . 10 

Cldorine . . . . 54 . . 90 

1 60 100 

Chloride op Carbon. (CCIT + C.) When the above perchloride or 
sesquichloride of carbon is passed through a red-hot tube containing 
fragments of rock-crystal to increase the heated surface, it gives off a 
portion of clilorine,,and is converted into a liquid protochloride of carbon. 
It is a limpid colourless fluid, specific gravity 1.55, and not combustible, 
except retained in the flame of the spirit-lamp, when it burns with a yellow 
flame, much smoke, and fumes of muriatic acid. It does not congeal at 
0°; it rises in vapour at about 165°. It is insoluble in water, but 
soluble in alcohol, ether, and the oils. It is not affected by the acids or 
alkalis, nor, at common temperatures, by solutions of silver. It dissolves 
chlorine, iodine, sulphur, and phosphorus. It affords, when decomposed, 
17 carbon +83 chlorine ; whence it may be inferred to consist of 

Carbon . . 1 . . 6 . . 14.3 

Chlorine . . 1 . . 36 . . 86.7 

1 42 100.0 

Diciiloride OF Carbon ; Subchloride of Carbon. (aC^ZT’ + C.) This 
compound was accidentally obtained in Sweden, whence it was brought 
by M. Julin, and submitted to analysis by Messrs. Phillips and Faraday. 
{Ann. of Phil. N. S. i. 216, and ii. 150.) It is a solid crystalline body, 
volatile by heat, without decomposition, and condensing into crystals. It 
is insoluble in water, but soluble in alcohol, ether, and essential oils. It 
sinks in water ; it bums with a red flame, giving off much smoke, and 
fumes of muriatic acid. Acids do not act on it. When its vapour is 
highly heated in a tube, chlorine is given off, and charcoal deposited. Po- 
tassium burnt with it forms chloride of potassium and liberates charcoal. 
Its vapour, detonated over mercury, with oxygen, formed carbonic acid 
and chloride of mercury : passed over hot oxide of copper, it formed a 
chloride of copper and carbonic acid ; and over hot lime, it occasioned 
ignition, and produced chloride of calcium and carbonic acid. The 
results of its analysis by oxide of copper, show that it consists of 
Carbon . . 2 . . 12 , . 26 

Chlorine . . 1 . . 36 . . 76 

1 48 100. 

This compound was said to have been formed during the distillation 
of protosulphate of iron and nitre (both salts no doubt impure). All 
attempts at producing it by other means have failed ; nor has it been 
converted into either of the other chlorides. {Phil. Trans. 1821, p. 302.) 
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Carbon and Iodine: Sesquiodidb of Carbon. This compound of car- 
bon and iodine was first obtained by Serullas, and considered as a hydri- 
odideof carbon. (^Ann. de Chim, et Phys. xx. 163 , and xxii. 172 .) It was 
subsequently examined by Mitscherlich. {Ann, de Chim, et Phys, xxvii. 
85 .) It is produced in the form of a yellow precipitate, when a 
saturated solution of iodine in alcohol is mixed with a strong alcoholic 
solution of potassa or so 4 a: part of the iodine combines with the 
potassium or sodium, and the liberated oxygen unites to the hydrogen of 
the alcohol to form water, whilst another part of the iodine combines 
with the cjirbon of the alcohol. Iodide of carbon is of a lemon-yellow 
colour, and a sweetish taste. It crystallizes in brilliant spangles ; its 
smell somewhat resembles that of saffron : its specific gravity is nearly 
2 . It is not sensibly soluble in water, but dissolves in 80 times its 
weight of alcohol of 0.825 specific gravity at 60 °, and in 25 times at 95 °. 
One part dissolves in 7 of ether. It also dissolves in fat and volatile 
oils ; and when its solution in oil of lemon-peel is exposed to light, it is 
decomposed, and charcoal and iodine are deposited. Sulphuric, sulphu- 
rous, nitric, and muriatic acids have no action upon it, nor has aqueous 
solution of chlorine j but g.aseous chlorine decomposes it, and forms 
chloride of iodine, and a white substance, which is probably a chloride 
of carbon. At common temperatures it gradually evaporates when 
exposed to air, and at 212° volatilizes \\nithout decomposition; between 
240 ° and 248 ° it enters into fusion, and is soon decomposed, giving rise 
to vapours of iodine and a brilliant charcoal. If moisture be present, 
carbonic and hydriodic acids may be formed. {Ann, de Chim, et Phys, 
xxxvii. 85 .) Serullas analysed this compound by passing it over ignited 
peroxide of copper. {Ann, dc Chim, et Phys, xxxix. 230 ). It appears to 
be a sesquiodide {CdV + 1 ) and to consist of 

Carbon . . I . . G . . 3.1 

Iodine . . I 3 . . 188 . . 96.9 

1 194 100.0 

Prot IODIDE OF Carbon. (Car+^O This compound, also mistaken 
by Serullas for a hydriodide, {Ann, de Chim, et Phys, xxv. 314 ,) is 
prepared by triturating together equal parts of dry sesquiodide of carbon, 
and pcrchloride of phosphorus, and gently heating the mixture in a tubu- 
lated retort, the beak of which dips into w^ater; a liquid passes over which 
falls to the bottom of the water, and which, when carefully separated and 
mixed with four or five parts of sulphuric acid, is thus freed from hydro- 
chloride of carbon, and remains at the bottom of the acid; it is ultimately 
separated, and having been washed with a solution of potassa, and lastly 
with water, is the pure iodide of carbon. It is a heavy, yellow, liquid, 
of a peculiar ethereal odour and sweet taste ; very little soluble in water, 
and not congealed at 32 °. Exposed to air it gradually reddens. It does 
not act upon potassium; in the flame of a candle it gives out iodine. It 
is decomposed at a red-heat when passed over peroxide of copper, and 
from the produced carbonic acid, ^rullas inferred, {Ann, de Chim, et 
Phys,j XXXIX. ^ 31 .) that it consists of 

Carbon 1 . . 6 . . 4.58 

Iodine 1 . . 125 . . 95.42 


1 


131 


100.00 
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Carbon and Bromine : Bromide of Carbon. This compound wm 
also discovered by Serullas, (Ann. de Chim et Phys. xxxiv, and xxxix.) 
and is formed by adding two parts of bromine to one of the solid iodide 
of carbon, and just . enough solution of potassa to occasion the disap- 
pearance of the free iodine. A liquid bromide of carbon will appear at 
the bottom of the solution, which is to be separated by a funnel or 
otherwise, but without washing with water, and allowed to stand till it 
has become quite clear ; during this time, crystals of iodate of potassa 
form upon the surface ; the clear fluid beneath is to be withdrawn, and 
put into a weak solution of potassa, for the purpose of decomposing a 
little protiodide of carbon formed at the same time : a little bromide is 
also decomposed, but that which remains is soon left in a pure state. 
The principal properties of this (which is probably a protobromide of 
carbon^ and the differences between it and the liquid protiodide, are as 
fellows : the bromide becomes solid, hard, and crystalline, at 32°, and 
remains solid up to 43° ; the iodide remains fluid in the lowest tempe- 
ratures. The bromide gives red vapour ; the iodide violet vapour, when 
heated in the flame of a spirit-lamp. Neither of them act upon water, 
but are slowly decomposed in weak alkaline solutions. (Ann. de Chim. 
et Phys. XXXIX. 225.) 

Fluoride of Carbon is unknown. 

Carbon and Hydrogen. These elements unite in several proportions, 
and form many curious and important compounds, among which it is 
sometimes difficult to distinguish those which ought to be considered as 
distinct and definite combinations, from otheis which are probably inde- 
finite mixtures of the former. These compounds are generally termed 
hydrocarbons^ or hydrocarburets^ and amongst them are some striking 
illustrations of one species of isomerism (from »ero?, equal and part) 
that is, of compounds diflering, often essentially, in their physical or che- 
mical properties, or both, and yet apparently produced by the union of the 
same elements, and bearing the same ratio to each other. Bihydrocarbon, 
or olefiant gas, and quadrihydrocarbon, or etherine for instance, are in this 
predicament ; when analyzed they are each found to consist of carbon, 
and hydrogen, in the same relative proportions, namely, 1 atom of carbon 
united to 1 atom of hydrogen; but the density of a volume of the former 
is to that of the latter, as 1 to 2 ; hence there are twice the number of 
simple atoms in an equivalent of etherine, that exist in an equivalent of 
olefiant gas ; and assuming the density of hydrogen as = 1, that of olefiant 
gas is 14, and of etherine 28; hence, we consider, an atom of olefiant gas 
as constituted of 2 atoms of carbon, and 2 atoms of hydrogen ( ^CCLT + 2 A), 
and an atom of etherine as constituted of 4 atoms of carbon, and 4 atoms 
of hydrogen, (^CCLT+\^h). Their respective volumes and equivalents, 
may, theferore, be represented thus: 

as will be obvious by referring to 
the following more detailed statement 
of their composition. Here there- 
fore, although the compounds are 
isomeric, they are represented by 
different equivalent numbers ; but there are cases of isomerism in which 
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the same elements are united in the same ratio, so as to produce com- 
pounds represented by the same equivalent number, yet, essentially dis- 
tinct in their chemical characters ; this is the case with the cyanic and 
the fulminic acids; and with urea, and the hydrated cyanate of ammonia; 
compounds which will afterwards be described. It has been well observed 
by Dr. Turner, that our notions of isomerism are quite consistent with 
our theories of chemical union, inasmuch as the same elements may be 
grouped, or combined in various ways, so as to give rise to compounds essen- 
tially distinct. Thus, the elements which in one form of arrangement 
constitute nitrate of ammonia (^71+ 50+ 3 h\ in another constitute water 
and nitrous oxide, ^ (7l+0)+ 3 {fl+0) (page 399.) Thus also the elements 
of sulphate of potassa may perhaps be united indiscriminately with each 
other, as expressed by the formula (p04-S+4 0); or, they may form 
(p0 + 0) + {S+ 30) or (pO+ aO-fS-l- 2 O), or other combinations. 

Of the compounds of Carbon and Hydrogen, we shall here describe 
those which have the characters of distinct and definite combinations ; 
many other probably analogous compounds will require to be noticed 
amongst organic products. 

Bihydroguret of Carbon; Light Carburetted Hydrogen; Fire 
Damp op Coal Mines; Inflammable Air op Marshes; Heavy 
Inflammable Air. {€(IT+ sA.) Under these names an important 
variety of hydrocarbon is designated, which occasionally occurs pent 
up in cavities in coal-mines, (Davy, Phil. Trans., 1815), and which is 
also said to be abundantly formed in stagnant pools during the spon- 
taneous decomposition of vegetable matter, and to be procured by 
stirring up the fetid mud, and collecting the gas that rises in an inverted 
glass jar; in this state it is mixed with a little nitrogen and with 
carbonic acid ; the latter may be separated by washing the gas in lime- 
water or a solution of caustic potassa. The gas procured from a blower 
in a coal-mine, after having been washed with lime-water, probably fur- 
nishes this compound in its purest state; but it does not appear that 
it can be produced artificially, unless it be admitted that a portion of th‘e 
inflammable gas generated by the distillation of moist charcoal at a red 
heat, or by that of pit-coal, be similarly constituted. 

Sir H. Davy found the specific gravity of this purified gas from a coal- 
mine to be 0.555, and compared with hydrogen as 8 to 1. 100 cubical 

inches weighed between 16 and 17 grains, and nearly the same specific 
gravity is assigned to this gas by Henry and Dalton. It is highly inflam- 
mable, jbuming with a yellow-flame, and producing carbonic acid and 
water ; it has a slightly disagreeable odour. It is not decomposed by 
electricity, but when passed through a white-hot tube, deposits a portion 
of its carbon. Dry chlorine, even when aided by light, does not act 
upon if at common temperatures; but when the gases are moist and 
exposed to sunshine, a mutual action ensues : if there be excess of chlo- 
rine, carbonic and muriatic acid gases are produced. Passed with chlorine 
through a red-hot tube, or subjected to the electric spark, carbon is 
thrown down, and muriatic acid formed. » 

100 volumes of this gas requires 200 of oxygen for its perfect com- 
bustion, and the result is water, and 100 volumes of carhcpiic add. 100 
of carbonic acid contain 100 of oxygen, or half the quality consumed; 

2 I 
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the remaining hundred volumes, therefore, must have combined with 200 
of hydrogen to form water ; hence, as 

60 Cubic inches of carbon vapour weigh . . . . 12.70 

200 „ hydrogen gas . . • • 4.23 

100 light carburetted hydrogen should weigh . . . • 16.93 

which closely agrees with Sir H. Davy's experimental result, and shows 
that this gas is constituted of 

Vols. Sp. Gr. 

Carbon 1 . . 6 . . 76. Vapour of carbon . . 0.5 . . 0.416 

Hydrogen 2 . . 2 25. Hydrogan gas . . 2. . . 0.136 

1 8 100. 1. 0.554 

or, Sir 11. Davy made several ex- 

periments on the combustibility and 
explosive nature of this gas. He 
found that when 1 volume of the fire- 
damp was mixed with 1 of air, they 
burnt by the approach of a lighted 
taper, but did not explode ; 2 of air 
and 3 of air to 1 of gas produced, 
similar results. When 4 of air and 1 of gas were exposed to a lighted 
candle, the mixture being in the quantity of 6 or 7 cubical inches in a 
narrow-necked bottle, a flame descended through the mixture, but there 
was no noise : 1 volume of gas inflamed with f) of air in a similar bottle, 
produced a slight whistling sound : 1 of gas with 8 of air rather a louder 
sound : 1 with 10, II, 12, 13, and 14, still inflamed, but the violence of 
combustion diminished. In 1 of gas and 15 of air, the candle burnt, 
without explosion, with a greatly enlarged flame ; and the effect of enlarg- 
ing the flame, but in a gradually diminishing ratio, was produced as far 
as 30 parts of air to 1 of gas. The mixture which seemed to possess the 
greatest explosive power was that of 7 or 8 volumes of air to 1 of gas ; 
but the report produced by 50 cubical inches of this mixture was less 
than that produced by one-tenth of the quantity of a mixture of 2 parts 
of atmospherical air and 1 of hydrogen. 

In reference to the degree of heat required to explode this gas mixed 
with its proper proportion of air, it was found that a common electrical 
spark would not explode 5 parts of air and 1 of the hydrocarbonate, 
though it exploded 6 parts of air and 1 of the gas: but very strong sparks 
from* the discharge of a Leyden jar seemed to have the same power of 
exploding different mixtures of the gas as the flame of the taper. Well- 
burned charcoal, ignited to the strongest red-heat, did. not explode any 
mixture of air and of the fire-damp; and a fire inade of well- burned 
charcoal, i. e. charcoal that burned without flame, was blown up to 
whiteness by an explosive mixture containing the fire-damp, without pro- 
ducing its inflammation. An iron rod at the highest degree of rod heat, 
and at the common degree of white heat, did not inflame explosive mix- 
tures of the fire-damp ; but, when in brilliant combustion, it produced the 
effect. The flame of gaseous oxide of carbon, as well as that of olefiant 
gas, exjdoded the mixtures of the fire-damp. 
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111 respect of combustibility, then, this hydrocarbonate differs most 
materially from the other common inflammable gases. Sir Humphry 
found that olefiant gas, which explodes mixed in the same proportion 
with air, is fired by both charcoal and iron heated to redness. Carbonic 
oxide, which explodes when mixed with 2 parts of air, is likewise 
inflammable by red-hot iron and charcoal; and hydrogen, which 
explodes when mixed with three-sevenths of its volume of air, 
takes fire at the lowest visible heat of iron and charcoal; and 
the case is the same with sulphuretted hydrogen. When 6 of air 
and 1 of the hydroc<arbonate were exploded over water by a strong elec- 
trical spark, the explosion was not very strong, and, at the moment of the 
greatest expansion, the volume of the gas did not appear to be increased 
more than one-half*. Nitrogen and carbonic acid mixed in difierent 
quantities with explosive mixtures of fire-damp, diminished the velocity 
of the inflammation. Nitrogen, when mixed in the proportion of 1 to 6 
of an explosive mixture, containing 12 of air and 1 of fire-damp, depilved 
it of its power of explosion ; when 1 part of nitrogen was mixed with 7 
of an explosive mixture, only a feeble blue flame slowly passed through 
the mixture. One part of carbonic acid to 7 of an explosive mixture, 
deprived it of the power of exploding; so that its eflects are more 
remarkable than those of nitrogen, probably, in consequence of its greater 
capacity for heat, and probably, likewise, of a higher conducting power 
connected with its greater density. These inquiries are very important, 
in reference to the existence of this variety of hydrocarbonate, under the 
name of Jire^damp^ in coal-mines. (See p. 209.) 

Olefiant Gas; Hydroguret of Carbon; Bihydrocarbon, {^CCLT 
+ 2 A). This gas was discovered in 1796, by the associated Dutch 
chemists, Bondt, Dieman, Van Troostwick, and Lawerenburg. {Journ. de 
Phys.^ xiv. 178, Aim, de Chim., xxi, 48.) 

It is usually obtained by the ^decomposition of alcohol by sulphuric 
acid. For this purpose about tvro parts of the acid and one of dcohol 
(by measure) are put into a retort, and heated by a lamp; complicated 
changes ensue, which will be more fully explained under the article 
Alcohol; and soon after the mixture boils, the gas is evolved. It may 
be collected over water, and should be well washed with lime-water. 
When thus purified its specific gravity is about .980, or compared with 
hydrogen as 14 to 1, and 100 cubical inches weigh about 30 grains. 

This gas has little odour when quite pure ; it is inflammable, burning 
with a bright yellowish-white flame. ^ Water absorbs about one-eighth of 
its volume. It is absorbed by sulphuric acid, no carbon being separated, 
nor sulphurous nor carbonic acid formed. In the course of several days, 
1 volume of sulphuric acid absorbs between 80 and 90 of olefiant’ gas, 
and a peculiar compound results, capable of forming distinct salts. 
(Such compounds will be more particularly noticed under the articles 
Naphthaline^ Oil of 'Wine^ and Sulphovinic Acid,) It is unrespirable, and 
extinguishes flame. One part by volume requires, for perfect combus- 
tion, three of oxygen. When sulphur is heated in one volume of this gas, 

* This appears the expansion when | the gas appears at least tripled duxing 
the tube is very small ; in larger tubes 1 the explosion, 
it is considerably more. The volume of 1 

2 I2 
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charcoal separates, and two yolumes of sulphuretted hydrogen result. As 
hydrogen suffers no change of volume % combining with sulphur, it 
follows that olefiant gas contains two volumes of hydrogen condensed 
into one; hence the quantity of oxygen required for its combustion. 
This gas is also decomposed % heat alone, as, by passing and repassing 
it through a red-hot tube of earthenware or metal ; it then deposits its 
carbon, and is expanded into twice its original volume of pure hydrogen*. 

When one volume of olefiant gas is detonated by the electric spark in 
a proper tube (which, on account of the violence of the explosion, should 
be very strong), with three volumes of oxygen, two volumes of carbonic 
acid are formed, and water is deposited : now two volumes of carbonic 
acid contain one volume of the vapour of carbon, and two volumes of 
oxygen, so that the other volume of oxygen must have condensed two 
volumes of hydrogen to form the water. Hence, one volume of olefiant 
gas must contain one volume of the vapour of carbon, and two volumes of 
%£rogen: or, as 

Grains. 

100 cubic inches of carbon vapour weigli . . . 25.4 

200 „ hydrogen gas weigh ... 4.2 

100 „ olefiant gas should weigh . . 29.0 

The following diagrams further illustrate the results of the combus* 
tion of one volume of olefiant gas with three volumes (or six propor- 
tionals) of oxygen. 


Before detonation. After detonation. 



Now as one volume of carbon vapour represents two equivalents, or 
proportionals, it is obvious, from the above statement, that olefiant gas 
must be composed of 






SauAsiire. 

Volumef. 

Sp Gr. 

Carbon 

. 2 

. . 12 

. . 86.7 

. . 85 . 

. 1 . . 

0.843 

Hydrogen 

. 2 

. . 2 

. . 14.3 

. . 15 . 

. 2 . • 

0.137 


T 

14 

lOOD 

100 

T 

.980 


* When ciUgoi^ compressed into ves- occasion in it a degree of chemical de- 
selsby apowerequaltothatofSOatmo- composition; for it deposits a black 
spheres, is suddenly allowed to escape carl^naceous matter upon paper held in 
through a small aperture into the air, the the current. ((iwMierlg Jmtrnal, N. S,, 
expmuion which it suffers appears to i., 204.) 
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Or, it may be thus repre 
sented; — 


No compound has yet been identified in which one atom of carbon is 
combined with one of hydrogen, and which would be represented by 
(C+A), or by ^ a volume of carbon vapour and 1 volume of hydrogen 
condensed into 1 volume: such a compound would have the equivalent 
number = 7? which would also be its specific gravity to hydrogen. 

Olefiant Gas and Chlorine. — When olefiant gas is mixed with 
chlorine in the proportion of 1 to 2 by volume, the mixture, on inflam- 
mation, produces muriatic acid, and charcoal is abundantly deposited. 
If the gases be well mixed, and then inflamed in a tall and narrow glass 
jar (about 2 feet high and 4 inches in diameter), placed with its mouth 
upwards, the experiment is very striking; a deep-red flame gradually 
descends through the mixture, and a dense black cloud of carbon rises 
into the atmosphere; fumes of muriatic acid are at the same time formed, 
and a peculiar aromatic odoui* is evolved. 

Hydrochloride of Carbon. (2 A+C.) If instead of in- 

flaming the mixture of one volume of olefiant gas and two volumes of 
chlorine, the gases be merely mixed, in equal volumes, over water, or in 
a clean and dry glass globe exhausted of air, they act slowly upon each 
other, and a peculiar fluid is formed, which appears like a heavy oil ; hence 
the term ol^ant gas^ applied to this hydrocarbon by the Dutch chemists. 
Chloric Ether is the name applied to this fluid by Dr. Thomson, who, 
in 1810, ascertained that its component parts were chlorine and carbu- 
retted hydrogen. It has more lately been examined by MM. Kobiquet 
and Colin, (^nn, de Chim. et Phys,^ i. and ii.) The term Hydrochloride 
of Carbon^ or Hydrocarburet of Chlorine^ may properly be applied to it. 
It also may be formed by allowing a current of each gas to meet in a 
proper receiver; but there should be excess of olefiant gas, for if the 
chlorine be in excess, the liquid absorbs it. To purify it, it should be 
washed in water, and then carefully distilled from fused chloride of cal- 
cium. It is transparent and colourless ; its taste sweet, and somewhat 
acrid; its specific gravity = 1.2. It boils at 152°. According to Gay 
Lussac the specific gravity of its vapour is 3.44. It bums with a green 
flame, evolving muriatic acid, and largely depositing charcoal. It is 
decomposed when passed through a red-hot tube. As it is produced by 
equal volumes of chlorine and carburetted hydrogen, it must be a com- 
pound of 


Carbon 

Hydrogen 

Chlorine 

. 2 . . 

. 2 . . 

. 1 . . 

12 

2 

36 

•• Olefiant gas 

. . 72 Chbrine 

Volames. 

. 1 . . 

. 1 . . 

Sp. Gr. 

0.98 

2.47 


T 

50 

100 

r 

3 T 45 


From Mr. Farada/s experiments, it appears that, by exposing this 
hydrochloride of carbon to the action of excess of chlorine, muriatic acid 
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and chloride of carbon are the results. (See Chloride of Carbon.) 
And Mitscherlich states, that when it is exposed in the contact of water 
to the direct solar rays, it is converted into acetic ether and muriatic 
acid, {hehrhuch^ 141.) 

Olefiant Gas and Iodine; Hydriodide op Carbon; Hydrocar- 
buret OF Iodine; Iodide of Hydrocarbon. (2 COLT A +2.) When 
iodine and olefiant gas are exposed to the action of light, they form a 
compound, which was first obtained by Mr. Faraday {Phil, Trans,^ 1821, 
p. 72 ). Iodine and olefiant gas were put, in various proportions, into 
retorts, and exposed to the sun's rays: after a w&ile colourless crystals 
were formed, and a partial vacuum Was produced: the gas in the 
vessels was found to contain no hydriodic acid. The compound was 
purified by introducing a solution of potassa into the retort, which 
dissolved the free iodine ; the substance was then collected, washed, 
and dried. 

The hydriodide of carbon is a white crystalline solid, volatile without 
decomposition, and in some respects analogous to the hydrochloride of 
carbon ; its taste is sweet, and its odour aromatic. It sinks in sulphuric 
acid of the specific gravity 1,85. It is a non-conductor of electricity. 
When highly heated it evolves iodine: it is not readily combustible, but 
when held in the flame of a spirit-lamp, bums, diminishing the flame, 
giving off abundance of iodine, and some fumes of hydriodic acid. It is 
insoluble in water, and in acid and alkaline solutions. It is soluble in 
alcohol and ether, and may be obtained in crystals from these solutions. 
The alcoholic solution is of a very sweet taste, but leaves a sharp sensa- 
tion upon the tongue. Sulphuric acid does not dissolve it, but, when 
heated in the acid to between 300° and 400°, it is decomposed, appa- 
rently by the heat alone, and iodine and a gas (probably olefiant) are 
liberated. Boiling solution of potassa acts on it very slowly, but does 
gradually decompose it. 

It was analyzed as follows, {Quarterly Journal^ xiii.) Four grains 
were passed in vapour over heated copper in a green-glass tube ; iodide 
of copper was formed, and pure olefiant gas evolved, amounting to 1.37 
cubic inches, or 0.413 grains. Now 4 grains, minus 0.413 grains, leaves 
3.587 of iodine, and 3.587 : 0.413 ;: 125 : 14.3 nearly; the constitution 
of this compound, therefore, is analogous to that of the hydrochloride of 
carbon; it may be regarded as composed of 


Carbon 

Hydrogen 

2 

2 

12 

2 

8.63 ) 
1.44 / 

Olefiant gas 

1 . 

14 

loi^e 

1 

. 125 

. . 89.93 

Iodine 

1 . 

. 126 


T 

139 

100^ 


T 

139 


Olefiant Gas and Bromine; Hydrobromide of Carbon: Hydro- 
CARBURET OF Bromine. (2 QQiT + 2 A+^.) When hydriodide of carbon 
is added to bromine, a hissing noise is produced, with much heat, and a 
bromide of iodine and fluid hydrobromide of carbon are formed. The 
bromide of iodine may be removed by water, and the hydrocarburet, 
with a slight excess of bromine, remains. It may be rendered colourless 
by a little alkali. If the hydriodide of carbon is in excess, but little of 
the hydrobromide is formed, but a subbromide of iodine. 

The pure hydrobromide of carbon is colourless, heavier than water. 
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of a penetrating ethereal odour, a reiy sweei; taste, and rery volatile. It 
does not change colour by exposure to air. At 22° it becomes solid, and 
breaks like eamplior. It tvas formed, by Balard, by letting a few drops 
of bromine fall into a flask of olefiant gas. (Ann, de Chim, et Phys,y 
xxxiv.) It consists of 

^2 17 } 01®**®* g#8 1 . . u 
84.75 Bromine 1 . . 78 

100.00 1 92 

Bigarburet of Hydrogen, (s CCLT + 3 h ,) — For our knowledge of 
this combination we are indebted to Mr. Faraday. (Phil, Trans,^ 1825, 
p. 440.) When the gas, obtained by the destructive distillation of oil, 
is subjected to considerable pressure, a part of it liquefies, and the liquid 
may be preserved in ordinary well-stopped bottles. When certain oils 
are passed through red-hot tubes, as in the process for making gas for 
the purpose of illumination, there is at the same time a vapour produced, 
which, by considerable pressure, and by cold, may be reduced to a liquid 
state. Large quantities of this liquid were obtained at the Portable 
Gas-works, by subjecting the gas produced by the decomposition of whale 
oil, to a pressure of 30 atmospheres; this occasioned the deposition of 
the fluid, which was drawn off by a valve: it effervesced as it issued forth, 
and by the difference of refractive power, a dense transparent vapour was 
' seen at the same time descending through the air. This effervescence 
immediately ceased, and the liquid was readily retained in ordinary 
stoppered or even corked bottles. 1000 cubical feet of good gas yielded . 
nearly one gallon of it. It appeared as a thin light fluid, sometimes trans- 
parent and colourless, at others opalescent, being brown by transmitted, 
and green by reflected light ; it had the odour of oil-gas. Its specific 
gravity was 0.821 : it did not congeal when cooled down to 0°; was 
insoluble in water, readily soluble in alcohol, ether, and oils; slowly 
decomposed by nitria acid ; and formed peculiar combinations with sul- 
phuric acid, afterwards to be noticed. This fluid Mr. Faraday found to 
be a mixture of various bodies, differing in their degrees of volatility: to 
separate them, he carefully distilled it into receivers, cooled to 0% the 
receiver being changed with each rise of 1 0° in the retort, and the liquid 
retained in a state of incipient ebullition: it was thus found that the 
boiling-point was most constant between 178° and 190°, at which tempe- 
rature considerable quantities passed over without any change in the 
degree. Of this rectified fluid a portion was exposed to a temperature 
of 0°, when part of it solidified, and being collected and dried by pres- 
sure, did not liquefy till raised to 28^. 

This portion constitutes the compound which we have above termed 
Bicarburet of Hydrogen. It appears as a colourless transparent liquid, 
having a peculiar odour like oil-gas mixed with that of bitter almonds. 
Its specific gravity is 0.85 at 60°. When cooled to a little below 32°, it 
solidifies, and contracts considerably on congealing. It does not con- 
duct electricity; evaporates when exposed to air; boils at 186°. The 
specific gravity of its vapour at mean temperature and pressure is 2.77> 
or compared with hydrogen as 39 to 1. 100 cubical inches, therefore, 
would weigh about 85 grains. It is very slightly soluble in water, but 


Carbon 2 . . 12 

Hydrogen 2 . . 2 

Bromine 1 . . 78 

T ”92^ 
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readily soluble in alcohol and ether, and in oils. It bums with a bright 
flame and much smoke, and when put into oxygen, furnishes sufficient 
▼apour to form a detonating mixture. Passed through a red-hot tube, it 
is resolved into carbon and carburetted hydrogen gas. Placed in the 
sunshine in chlorine, heat is evolved, muriatic acid formed, and a solid 
and liquid are produced, which appear to be compounds of chlorine, 
carbon, and hydrogen. Iodine does not act upon it, but dissolves in 
small quantity, forming a crimson solution. Potassium exerted no action 
upon it at a temperature of 186^. Neither alkalis nor their carbonates 
acted upon it. Nitric acid occasions in it little other change than the 
formation of a minute portion of hydrocyanic acid. Sulphuric acid added 
to it over mercury, exerted a moderate action; no heat was evolved, no 
blackening took place, no sulphurous acid was formed, but the acid 
became of a light-yellow colour, and a portion of a clear colourless 
fluid floated, which appeared to be a product of the action, and which 
was not altered by water, and solidified at 34°, being then white and 
crystallized. 

Mr. Faraday’s attention was next directed to the composition of the 
substance : he decomposed it by passing its vapour over heated oxide of 
copper, by which it was resolved into carbonic acid and water ; and a 
careful determination of their weights gave (as the mean of several expe- 
riments) 1 hydrogen and 11.676 carbon, as its components. Several 
other experiments led to the conclusion, that in this substance the carbon 
and the hydrogen are in the mutual ratio of 12 to 1. But on examining 
the volume of oxygen requisite for the combustion of this*substance, it 
was found that 100 volumes of its vapour required 750 of oxygen, and 
that the result was water, and 600 volumes of carbonic acid ; so that to 
form the water 150 volumes of oxygen must have combined with 300 of 
hydrogen, and the remaining 600 volumes must have united to 300 
volumes of carbon vapour to form 600 of carbonic add. Hence, as 

Grains. 

300 cubic inches of carbon vapour weigh . 70.2 

300 ,, hydrogen gas ... 6.4 

100 „ vapour of this bicarburet should weigh 82.6 

we must accordingly conclude, that although the ratio of the carbon to 
the hydrogen, in this compound, is as 12 to 1, it, in fact, consists of 

Atom.. Vol., 

Carbon 6 . . 36 . . 92.26 . . 3 . . 2,629 

Hydrogen 3 . . 3 . . 7.76 . . 3 0.197 

T 39 100.00 1 2.726 
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Liquid Hydrocarburet. lii examining the liquid remaining after 
the separation at 0^ of the above crystalline solid, it was found to exhibit 
peculiarities which seem to identify it as a peculiar and definite compound ; 
and from such experiments as were made upon it, it is extremely probable 
that it consists of one proportional of each of its components, but in what 
state of condensation has not been determined. 

Quadri-hydrooarburet; Etherine. ( iC(lT+ ih.) It has already 
been stated, that a portion of the original oil-gas liquor is volatile at 
common temperatures; at the heat of the hand it jpasses off in vapour, 
and may be collected as a gas over mercury. It bums with a brilliant 
flame: its specific gravity to that of hydrogen is as 28 to 1; to that of 
common air as 1.963 to and 100 cubic inches weigh 59.3 grains. 
It condenses into a liquid when cooled to 0, and enclosed in this state in 
a tube of known capacity, and hermetically sealed, the bulk of a given 
weight of it at common temperatures was ascertained: this, compared 
with water, gave its specific gravity as 0.627 at 54^; so that among solids 
or liquids it is the lightest body known. It scarcely dissolves in water, 
but readily in alcohol, and the solution efiPervesces from the escape of 
vapour when water is added. It is abundantly condensed by sulphuric 
acid. One volume of the acid condenses above 100 volumes of the vapour, 
producing great heat, but no sulphurous acid. The solution is dark- 
coloured, has a peculiar odour, and evolves no gas upon dilution. By 
detonation with oxygen, it was found that 1 volume of the vapour 
required 6 volumes of oxygen for perfect combustion, giving rise to 4 
volumes of carbonic acid. The remaining 2 volumes of oxygen must 
have combined with 4 of hydrogen to form water. Upon which view, 
4 volumes or proportionals of hydrogen = 4, are combined with two 
volumes of gaseous carbon, or 4 proportionals (6x4)= 24, to form 1 
volume of the vapour, the specie gravity of which, compared with 
hydrogen, would be 28, which is also its equivalent number; or if 

Graina. 

200 cubic inches of carbon vapour weigh . . . 60.8 

400 „ hydrogen gas „ . 8.4 

100 „ etherine vapour should weigh 59.2 


which closely ap- 
proximates to the 
experimenfal result, 
so that the volume 
of etherine and its 
components may be 
represented thus: 


and it consists of 

Carbon . . 
Hydrogen . . 



Carbon. 

Carbon. 





18 

18 



Eihcrinr. 

88 

Hydrogeu. 

Hydrogen. 

Hydrogen. 

Hydrogen 


1 

1 

1 

1 



A turns. 

. 4 . . 
.4 . . 

24 . . 

4 . . 

85.76 . 

14.26 . 

Vols. 

. 2 . . 

, 4 . . 

Sp. Gr. 
1.686 

0.274 

1 

28 

100.00 

1 

1.960 
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Chloride op Etherine. As the relative proportions of the elements 
in this compound are the same as in olefiant gas, it beeme interesting to 
ascertain whether chlorine had the same action upon it. Chlorine aim 
the vapour were therefore mixed in an exhausted retort, heat was evolved, 
and a liquid resembling hydrochloride of carbon formed; but it could 
not be identified with it, inasmuch as it consisted of nearly equal volumes 
of the vapour and of chlorine ; and, therefore, contained twice as much 
carbon and hydrogen. It was, therefore, treated with excess of chlorine 
in sunlight; muriatic acid was formed, and chlorine absorbed; a peculiar 
fluid was formed, consisting of hydrogen, chlorine, and carbon, but no 
chloride of carbon. 

Mr. Faraday’s researches, in reference to the various forms of hydro- 
carbon^ of which the above is an abstract, seem to have established a new 
and important fact in chemistry, which is, that substances may exactly 
resemble each other in the relative proportions of their constituents, and 
yet, in consequence of peculiarities in their atomic arrangement, exhibit 
perfectly distinct physical and chemical properties, presenting, as already 
remarked, a curious and interesting modification of isomerism. Thus, 
in etherine and in olefiant gas, the carbon and hydrogen are in the ratio 
of 6 to 1 ; but, in the former, the elements are united in the proportion 
of 24 to 4, and in the latter of 12 to 2. It has been observed by Dr. 
Turner, that this peculiarity is explicable on the supposition that the 
ultimate elements of such compounds are differently disposed. It is to 
be presumed that the smallest possible particle of olefiant gas contains 
2 atoms of carbon, and 2 of hydrogen; and that, in like manner, an 
integrant particle of the new compound of etherine contains 4 atoms 
of each clement. Neither of these substances could, I conceive, be formed 
by the direct union of a single atom of carbon and a single atom of 
hydrogen. If a combination of the kind were to occur, a new compound, 
different from any known at present, would be the result.” 

In respect to the nomenclature applicable in such cases there is 
obviously much difficulty. The compound of 2 atoms of carbon and 2 
of hydrogen might be called hihydrocarbon^ but the designation olefiant 
gfl.?, however objectionable, is still generally retained. For the compound 
of 4 atoms and 4, the term quadrocarbureiied hydrogen has been pro- 
posed, but that would rather imply it to consist of 4 atoms of carbon and 
1 of hydrogen, than of 4 and 4 : the term quadrihydrocarbon has, there- 
fore, been substituted ; but perhaps etherine is less objectionable, im- 
plying its existence as the base of ether^ under which we shall again 
have to advert to it. 

Terhydrocarbon : Svperolefiant Gas. (3 CCLT + 3 A.) It seems 
probable that a hydrocarbon, the vapour of which contains in 1 volume 3 
atoms of hydrogen and 3 of carbon, is occasionally produced during the 
destructive distillation of oil ; and Dt. Henry {Phil. Trans.^ 1821, p. 166,) 
adverts to such a compound, discovered in oil gas, by Mr. Dalton. Dr. 
Thomson desmbes it under the name of tritocarbohydrogen^ but till 
some definite mode of obtaining it has been pointed out, and its properties 
experimentally ascertained, its distinct existence must remain doubtful. 

Naphtha. {^C(IT+ hh.) This term is generally applied to a pecu- 
liar liquid hydrocarbon, which is both a natural and artificial product. 
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Natural Baphtha is obtained in considerable quantity at Baku, near 
Derbent, on the north-west shore of the Caspian Sea. The soil is a 
clayey marl, and so impregnated with naphtha, that, when turned up to 
the depth of a few inches, it will inflam..* on the application of a lighted 
candle; in this soil pits are sunk, in which the naphtha collects in con- 
siderable quantities. The purest European naphtha comes from Monte 
Oiaro, near Piacenza, in Italy: this hill consists of horizontal beds of 
argillite, in which pits are sunk till the water comes in, upon the surface 
of which the naphtha oozes and collects, and is occasionally skimmed off. 
An inferior kind is produced at Monte Festino, near Modena; in the 
vicinity of which subterranean fires often break out. A similar liquid 
may be obtained by the distillation of petroleum^ or mineral tar, a substance 
which will be described among Bitumens. 

Under the name of coaUoil^ or coal-naphtha^ a product closely 
resembling the former is known in gas-works ; it is one of the results of 
the destructive distillation of pit-coal, some of the varieties of which yield 
it in large quantities; it is extremely volatile, and therefore generally 
passes on with the gas to the remoter parts of the condensing-apparatus, 
and often collects in large quantities in the gas-meters and gasometer- 
tanks, and even in the first branches of the mains, from the syphons of 
which it is often drawn off. 

The properties of naphtha differ somewhat according to the sources 
whence it is obtained, but when carefully rectified or purified by repeated 
distillation with water, it appears to possess the same leading characters 
and composition, whatever be its source : indeed, it is extremely probable 
that natural and artificial naphtha are of one and the same origin, the 
former being derived from volcanic, the latter from ordinary distillation. 
The specific gravity of the purest Persian and Italian naptha, varies 
from 750 to 700. But of the coal-naphtha, from 820 to 850. The 
odour of the former is strong, bituminous, but not disagreeable ; that 
of the latter, penetrating and unpleasant. It does not congeal at 0®. 
Upon the approximation of a flaming body, naphtha takes fire and bums 
with a voluminous, and very sooty, and diificultly-extinguishable flame. 
It communicates odour to water and to common alcohol ; it dissolves in 
absolute alcohol, and in ether, petroleum, and oils. Caustic potash forms 
an imperfect soapy compound with it. Sulphuric and nitric acid slowly 
modify and decompose it. When pure, it is not acted on by potassium 
or sodium, and is, therefore, used to preserve those metals from oxidation. 
The boiling-point of naphtha is very variously stated. It begins to boil 
at about 160®, and the thermometer gradually rises to about 200°, where 
it continues some time, and then again rises to above 300°. Dr. Thomson 
states the boiling point of Persian naphtha, to be 320° to 352°. The 
density of its vapour is about 2.8. It dissolves the greater number of 
the essential oils, and the resins, and a little phosphorus and sulphur, 
and corrodes cork ; it is remarkable for its property of dissolving caout- 
chouc, which first swells up, and then gradually gelatinises, when digested 
in it with the aid of a gentle heat : in this pulpy state it is used to 
render various articles of clothing water-proof; the goods are stretched 
out, and varnished over with it, and then their varnished sides ore 
.applied to each other, and made to adhere by powerful pressure, so 
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as to form a compound fabric or texture : the manufacture is completed, 
and the solvent driven off by exposure to a moderate heat. This 
important and vrell-knoivn application of the solution of caoutchouc in 
naphtha, or coal-oil, was first suggested by Mr. Macintosh, of Glasgow. 
Among other sources of naphtha, or at least of a liquid hydrocarbon 
closely resembling it in all its leading properties, we may enumerate 
caoutchouc itself, which jdelds it by destructive distillation. (See Caout^ 
ckouc.) The ultimate composition of naphtha has been variously stated, 
probably from the difiiculty of obtaining it in one definite state, but all 
analysts agree in representing it as a true hydrocarbon. According to 
Dumas, a definite compound, having all the characteristic properties of 
naphtha, is obtained by depriving spirit of turpentine of its oxygen, by 
the action of potassium, and then subjecting it to careful distillation. 
{Ann, de Ch. el Ph.^ l., 238.) When the vapour of these hydrocarbons 
has the density of 2.879 volume of it may be regarded as containing 
three volumes of carbon vapour, and five volumes of hydrogen, and as 

Grains, 

300 cubic inches of carbon vapour weigh . 78.9 

600 „ hydrogen gas weigh . 10.6 


100 „ naphtha vapour should weigh 89.5 


Hence naphtha, or a hydrocarbon so constituted, would consist of 


Atoms. 

Carbon . .. 6 

Hydrogen • 5 

r 


36 . . 87.75 
5 . . 12.25 


41 100.00 


Vols Sp. Gr. 

3 . . 2.53 

5 . . 0.34 

1 2.87 


Or, by volume, 



Carbon. 

IS 

Carbon. 

IS 

Carbon. 

IS 


Hydrogen. 

Hydrogen. 

Hydrogen. 

Hydrogen. 

Hydrogen. 

1 

1 

1 

1 

1 


Naphtha 

Vapour. 

41 


Naphthalin. (lo C(IT+ 4 A.) This name was first given by Dr. Kid, 
{Phil. Trans.^ 1821, p. 209,) to a concrete crystalline substance found 
among the products of the coal-gas manufacture ; it may be obtained by 
subjecting coal-tar to distillation; it passes over after the naphtha or coal- 
oil: when any of the varieties of the tar are so distilled that their 
vapour may be exposed to a high temperature, more or less naphthalin 
is formed. I believe that I first pointed it out as A binary compound of 
carbon and hydrogen, in 1819. {Quar. Jour.^ viii., 287*) It was after- 
wards examined by Mr. Chamberlain. {Ann of Philos.^ xix.) It is 
generally first obtained in translucent flakes of a red or brown colour. 
By slow sublimation with a portion of powdered charcoal, it may be 
obtained colourless, and nearly inodorous ; but when heated, it exhales a 
» peculiar faint odour, which h^ been compared to that of the flower of 
the nardssus. Its taste is slightly aromatic ; it is heavier than water. 
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unctuous to the touch, and slowly evaporates at common temperatures. 

It fuses at about 200% and crystallizes as it cools ; at 400^ it boils and 
distils over, with little change.* When inflamed, it throws oflf a singularly 
laige quantity of black smoke, which diffuses itself in light films of 
carboii through the air. It is insoluble in cold, and very slightly soluble 
in boiling water ; alcohol, ether, the oils, and naphtha, dissolve it abun- 
dantly. The alkalis have no action on naphthalin ; when long boiled in 
nitric acid, it is slowly altered, and a part of the acid decomposed : hot 
muriatic acid dissolves it very sparingly ; acetic and oxalic acids more 
copiously ; sulphuric acid dissolves and combines with it. 

The proportions of carbon and hydrogen which constitute naphthalin, 
were first determined by Mr. Faraday, and his results subsequently 
confirmed by Liebig, Wohler, and Laurent. The specific gravity of its 
vapour is 4.49, so that 100 cubic inches should weigh 135 grains, and 
assuming 100 volumes of it to consist of 500 of carbon vapour, and 
400 of hydrogen, 

(Srains. 

500 cubic inches of carbon vapour . . = 127.0 

400 „ hydrogen gas . . . = 8.5 

100 „ naphthalin vapour . . = 135.5 

Hence the atomic composition of naphthalin stands as follows : — 

Atoms. Vuls, Sp Gr. 

Carbon . . 10 . . 60 . . 93.6 . . 5 . % 4.213 

Hydrogen . 4 . . 4 . . 6.4 . . 4 . • 0.277 

T 64 100.0 1 4.490 

Naphthalin and Chlorine: Chloride op Naphthalin. The 
mutual action of chlorine and naphthalin has been examined by M. 
Laurent. {Ann, de Chim, et Phys.^ Lii., 275.) When chlorine is passed 
over naphthalin, heat is evolved^ muriatic acid formed, and a semifluid 
compound remains, consisting of a solid and liquid chloride ; the latter 
may be removed by cold ether. The solid chloride is insoluble in water, 
sparingly soluble in hot alcohol, and more soluble in boiling ether, from 
which it separates on cooling in transparent rhomboids. It foses at 320% 
and in close vessels boils and is decomposed ; but when carefully heated 
in a current of air, it may be volatilized without decomposition. It is 
not readily acted on either by acids or alkalis. 

The liquid chloride^ obtained by the evaporation of its ethereal 
solution, is yellow; insoluble in, and heavier than water: it is soluble in 
alcohol and ether, and may be distilled without decomposition. Analysis 
shows, that both these compounds contain chlorine in combination with 
a hydrocarbon, differing in composition from naphthalin ; hence the term 
chloride of naphthalin is not quite appropriately applied to it. The exact 
proportion of its components has not been ascertained with precision. 

Naphthalin and Sulphuric A.cid: Sulphonaphthalin : Sulpho- 
NAPHTHALic Acid. (20Ca7*+ 8^+ 2^'.) The action of sulphuric acid 
on naphthalin, has been ably investigated by Faraday {Phil. Trans,^ 
1826). He found that, like other hydrocarbons, it combined with that ^ 
acid, and produced a peculiar acid body, which he called 
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thalic acid. He obtained it pure, by the following process : Naphthaline 
was fused with half its weight of sulphuric acidly which, on cooling, 
formed a red crystalline compound, soluble in water; earbonate of baryta 
was added to its solution, by which sulphate and sulpho-naphthalate of 
baryta were formed ; the former insoluble, but the latter soluble : its 
solution was filtered ojQT, and sulphuric acid added to it sufficient to pre- 
cipitate the baryta. An aqueous solution of sulpho-naphthalic acid was 
thus obtained, of a bitter acid taste, and ^OT^erfully reddening litmus: 
concentrated by evaporation it became brown, thick, and, ultimately, 
solid and very deliquescent. By renewed heat it melte^4 charred, 
but did not flame, and ultimately gave sulphuric^and sulphurous acid 
vapours, and left charcoal. Another portion of ther acid was evaporated 
under an exhausted receiver, including a vessel of sulphuric acid. In 
some hours it became a white soft solid, apparently diy, and after a longer 
period was hard and brittle. In this state it was deliques(flent in the air, 
but might be preserved unaltered in a close vessel. Its ta^te was bitter, 
acid, and metallic : when heated to 212° it melted, and crystallized and 
solidified as it cooled : more highly heated, water passed erff, and it 
assumed a red tint, becoming probably anhydrous ; furth>r heated, it 
became brown and black, and naphthaline, sulphurous acid, and charcoal 
were evolved. This acid dissolves in water, alcohol, and oils. Its 
aqueous solution forms neutral salts with bases, all of which aref soluble 
in water, most of them in alcohol, and all combustible, leaving sulphates 
or sulphurets, according to circumstances. 

To determine the composition of this acid, and its equivalent num- 
ber, its neutral salt with baryta was chiefly experimented upon ; and 
the following appear to be the relative proportions of its elements^^ 


1 proportional of baryta • 

2 proportionals of sulphuric acid 

20 ,, carbon^ 

8 „ hydrogen' 


.* =77 

(4(^ X 2) = 80 

( 6 Xf 20) =120 

( 1 X. 8) = 8 


Equivalent of the sulpho'^aphthdlate of baryta . = 286 

We have, therefore, the following composition of the sulpho-naph- 
. thalic acid : — 


Carbon • . 

20 

. . 120 

. : . 67.8 

Hydrogen . . 

8 

. . 8 

. . « 3.8 

Sulphuric acid . . 

2 

. . 80 

. . 38.4 


1 

208 

100.0 


Of the two proportionals, therefore, of sulphuric acid, one is, as it 
were, saturated by the hydrocarbon for it only combines wjth 77 of 
baryta, which will be found to be me equivalent^ one proportion^ of 
that base. This curious property of hydrocarbon, indicating i^ cipability 
of uniting to an acid, saturating it, and perf#min|, as it were, itie part 
of a basis, has been more extensiyely inquired illustrated by. 

Mr. Henncll: his experiments jrelate chiefly t6>^ qgt ain combinations 
concerned and developed in the form|^on of etheiMmder 'vi^ich article 
the details will be given. 

Paranaphthaline. Under this term Dumas andii^urent {Ann. de 
Chim. et Phtfs.^ l. 187) have described a hydrocarbondoeely resembliii|; 
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naplitlialine in all its essential properties, but yielding a vapour having 
the density of 6.78, whence they infer that it consists of 15 atoms of 
carbon and 4 of hy<$:i!^n. Paranaphthaline is less volatile than naphtha- 
line, and, therefore, when coal-tar is distilled, it is among the latter of 
its products. Jtccording to Reichenbach (Poggendorf, Ann,^ xxviii.^84), 
paranaphthaline is a mixture of naphthaline and another definite hydro- 
.c^bon, whicb he terms par^ne^ and which we shall describe amongst 
organic products. * 

Idrialine. This term is applied by Dumas to a native hydrocarbon, 
found in the' mercury-mine of Idria, in Carniola, and which appears to 
be very analogous to*naphthaline: it is said to consist of 3 atoms of 
carbon and 1 of hydrogen. {Ann, de Chim, et Phys,^ l. 193.) 

Gas Illumination ; Co^ Gas. Jdixtures of the hydrocarbons now 
described, and of some other gaseous compounds, are abundantly produced 
during the dei^ructive distillation of coal and oil, and of a variety of other 
vegetable and animal substances; and the gases thus obtained arc 
employed for the purposes of illumination, as economical substitutes for 
tallow, oil, &c. The destructive distillation of pit-coal is a process carried 
on upon a very extensive scale in several public and many private esta- 
blishments. The^coal is placed in oblong cast-iron cylinders, or retorts^ 
which are ranged in furnaces, to keep them at a red-heat, and all the 
volatile products are conveyed by a common tube into a condensing vessely 
kept cold by immersion in. water ; and in which the water, tar, ammonia- 
cal, and other condensible vapours, are retained ; the gaseous products 
consist principally of varieties of carburetted hydrogen, with more or less 
sulphuretted hydrogen, and carbonic oxide, and acid: these are passed 
through ^or over Jiydrate of lime, or through a mixture of quicklime and 
water, in vessels c^led purifiersy by which the sulphuretted hydrogen and 
carbonic acid gases are’^bsorbed, and the carburetted hydrogen gases 
transmitted'^ufficiendj^ pure for use into* gasometersy whence the pipes 
issue for the supply of streets, houses, &c. The coke remaining in the 
retorts is of a very good quality*. 

The specific gravity of purified coal-gas is liable to much variation : 
sometimes it falls below 0.450, and at others exceeds 0.650. These dif- 
ferences are partly :(;eferable to the nature of the coal, but chiefly to the 

* Mr. Parker, of Liverpool (Phil Maff. produces sulphurous acid during combus* 
vol. iii. p. 292), has proposed to pass the tion, and is, therefore, highly noxious ; in 
gas, as it comes from the coal-retorts, the case of the escape of unbumt gas, 
through red-hot iron tubes, by which the sulphuretted hydrogen is an equal evil ; 
couthminating gases and vapours are it is fetid and unwholesome, and it 
further deqpmposed, and ’the quatility o^ causes the immediate tarnishing of silveir ' 
useful gsa much incredIM. This sug^ and other metals : its presence is fortti* 
gestion, i]4 it jsucceeded,^ would greatly nately very easily detected by a piece of 
diminish the quantity of^ ; ]^t as car- paper moistened with a solution of sugar 
buretted tiydr<^n is d^mj^ed at a of lead, and no gas should be allowed to 
red heat, it womd, tend to di- be burned, which 6/acX;ens that test. Coal- 

minish the iUumiimt mg | y Wer of the gas, gaq, however, though free frOQl Sulphu* 
though it would inefiw its quantity, retted hydrogen, occasionally produces 
The pur\fieatwn^i cou-^ is a subject a little sulphurous acid when bumedi 
of the utmost importance, especially as anil in such cases I suspect the presence 
relates to perfectly i^ii^g it from sul- of the vapour of sulphuret of carbon, 
plturetted hydrogen, which if present 
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m^nimAT in which the process of distillation is conducted, as to duration 
iyipd temperature : it has already been remarked, that when the varieties 
of hydrocarbon are passed through highly-heated tubes, they are more or 
less perfectly decomposed into carbon and hydro^n : hence the gas which 
is obtained at a high temperature, or which, after its formation^ hasTbeen 
in contact with red-hot surfaces, is apt to be partly decomposed ; it is 
thus increased in bulk, but diminished in specific gravity, jxad in illumi- 
nating power ; hence, too, analysis detects in coal-gas, more or less 
uncombined hydrogen. The best kind of coal for distillation is that 
which contains most bitumen and least sulphur. The chaldron shc^ld 
yield about 12,000 cubical feet of purified gas, of which each Argand's 
burner, equal to six wax-candles, may be considered as conisuming from 
four to five cubical feet per hour. 

Oil Gas. Some years ago, Messrs. J. and P. Taylor invented an appa- 
ratus for the conversion of oil into gas. It consists of a furnace with a 
contorted iron^ube containing fragments of brick or coke, passing through 
it, into which, when red-hot, the oil is suffered to drop ; it is decomposed, 
and converted almost entirely into charcoal, which is deposited in the 
tube, Rnd into a mixture of carburetted hydrogen gases and vapours, of 
which from two to three cubic feet may be regarded as cquival(.mt to five 
or six of coal-gas, for the production of light. (Quarterly Journal^ vol. 
viii.) The commonest wh|^e-oil, or even pilchard-dregs, quite unfit for 
burning in the usual way, afford abundance of excellent gas, requiring no 
other purification than passing through a refrigerator, to free it of its more ^ 
condensible vapours*. A gallon of whale-oil affords about 90 cubical 
feet of gas, of an average specific gravity of 0.900, and an Argand burner, 
equal to seven candles, consumes a cubical foot and a half per hour. If 
its specific gravity exceed 0.900, it may be considered as containing too 
laige a proportion of the heavier hydrocarbons, by which the bulk of the 
produce is much diminished, which are apt to condense in the pipes and 
gasometer, and which also occasion a fuliginous deposit during the con- 
sumption of the gas in ordinary burners. 

Resin Gas. In consequence of the high and generally fluctuating price 
of oil, it became an important object to obtain a gas, of equal brilliancy 
and purity to that which it affords, from materials at once cheaper and 
less liable to fluctuations of value ; and with this view, attempts were 
made to decompose rosin, in the apparatus above described. For this 
purpose melted rosin was substituted for the oil ; but the exit-pipes, by 
which the gas flowed off, soon became choked with a thick bituminous 
substance, which stopped the process ; and the product of gas was small, 
and of inferior quality. Mr. Daniell has overcome the difficulty, by the 
invention of an apparatus, for which he has obtained a patent, l^e exit- 
pipe of the oil-gas apparatus rose from the upper part of the retort, and 
was purposely carried to a considerable height, that the volatile oil, which 
was condensed during the process, might flow back and add to the product 
of gas by its decomposition. It was the return of the volatile oil from 
rosin, which choked up the pipes when that substance was employed ; 

* Mr. G. Lowe, of the Chartered Gas 10 per cent, of carbonic acid, the effect 
Company, informs me that the gas from of which on the illuminating power of 
oil and rosin not unfrequently contains the gas must be very detrimental. 
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and Mr. Daniell, observing *this, led the exit-pipe from the under part of 
his retort into the hydrauKc main, so that the return of any condensed 
vapour was rendered impossible. His mode of treating the rosin is to 
dimlve^ with the assistance of a gentle heat, about 81bs. in a gallon of the 
essdhtial^il, which is plentifully formed during the decomposition of oil 
for making gas, or of rosin itself. This solution is allowed to trickle into 
*the heate<kret^ half filled with coke. A small diaphragm, just behind 
the exit^ipe, £id filling half the diameter of the retort, prevents any of 
the liquid flowing into the hydraulic main. When the process is properly 
conducted, about 1000 to 1200 cubic feet of gas are obtained from the 
cwt. of rosin, and rather more than the original quantity of vola- 
tile oil is condensed, which is again employed for the solution. It is 
necessary to add a small quantity of lime to the essential oil, to neutralize 
a little acetic acid, which is formed during the process. The apparatus 
works perfectly free from all obstruction. The gas thus formed is equal 
in quality to oil-gas of 100 cubic feet to the gallon. Its average specific 
gravity is 0.850 ; it requires no purification; and its smell is rather resin- 
ous, ^d not nearly so offensive as that of cither oil or coal-gas. Two 
cubic feeiS are equal in illuminating power to above five of the common 
coal-gas^<€uid* the expense of the material from which it is made, is not 
above one-third of the expense of oil. The sources of supply are as inex- 
haustible, and more generally distributed, than those of coal ; and the 
forests of America, France, Spain, and Italy, yield the turpentine in quan- 
tities only limited by the demand. Many large towns in this country, in 
America, France, Holland, and the Netherlands, have already adopted the 
use of this gas, which will doubtless be introduced as an article of luxury, 
even in many places, where, iirom local circumstances, it may not be able 
to compete with coal-gas in cheapness. The elegance and simplicity of the 
manufacture, and the comparatively small capital required for the erection of 
the works, will also give it a preference in the creation of new establishments. 

Composition and Analysis of the Gases used for Illumination. 
Dr. Henry's researches are the most important in reference to the philo- 
sophy of the art of gas-illumination (Nicholson's Journal, 1805 ; Phil. 
Trans., 1808 and 1821, and 1824), and much interesting matter con- 
nected with the subject ynW be found in an essay by Dr. Turner and Dr. 
Christison (Edin. Phil. Jour., 1825.) The treatises of Mr. Accum and of 
Mr. Peckston contain an account of the apparatus, with details as ta its 
construction and expense, together with much useful practical information. 

The analysis of a mixture of hydrogen with carbonic oxide, carbonic 
acid, and hydrocarbon, often requires to be performed in investiga- 
tions relating to the gases used for illumination ; it may be effected as 
follows : A hundred measures of the gas are introduced into a graduated 
tube, and the carbonic acid absorbed by a solution of potassa ; the 
remaining gas is then transferred to thrice its volume of chlorine of known 
purity, standing over water in a . tube of about half an inch diameter, and 
carefully excluded from the |olar rays ; after 24 hours the hydrocarbons 
and the excesa df chlorine will have been absorbed, especially after a litfte 
agitation, and the remaining gas, consisting of carbonic oxide and h^d^} 
gen, may be analyzed by detonation with oxygen in excess ; the meeiii^ 
of carbonic acid formed being equal to that of the original carhOnio 
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This proceeding depends upon the non-formation of chlorocarbonic acid in 
a mixture of carbonic oxide and chlorine in the contact of water, and out 
of the direct agency of the solar jays. Such mixture I have kept several 
days, occasionally renewing the chlorine as it became absorbed by the 
water, and have not observed any diminution in the bulk of the carbonic 
oxide. In all these cases it is necessary to ascertain the purity of the 
chlorine by its absorption by water, and to be aware of the evolution of 
common air from water during that process. 

But in consequence of the presence of other compounds of carbon and 
hydrogen, and of those singular vapours discovered by Mr. Faraday, in 
coal, and especially in oil and resin gases, the accurate analysis of these 
complicated products becomes a problem of some difficulty. Dr. Henry’ s 
papers (in the Phil. Trans.^ for the years 1818, 1820, and 1824, and in 
the Annals qf PkiL^ vol. xv.,) contain details upon the subject, which the 
student should carefully consult. The removal of the hydrocarburetted 
vapours from these gases may, as Mr. Faraday has shown {Phil. Trans.^ 
1825, page 461), be accurately effected by the agency of sulphuric acid ; 
this also absorbs olefiant gas, but much less rapidly than the vaporous 
compounds ; and if the gas under examination be diluted with three or 
four times its bulk of common air or of hydrogen, and excluded from the 
sunshine, the absorption of olefiant gas by the acid will be prevented. 
The hydro-carburetted vapours may also be removed by subjecting the gas 
to the action of olive-oil already saturated with olefiant gas. 

As far as concerns the comparative value of different hydrocarburetted 
gases for the purpose of illumination, it seems evident, from Dr. Henry’s 
experience, that, whatever be their source or composition, it may be most 
accurately determined by the quantity of oxygen required to saturate 
equal volumes. In other words, the illuminating powers of the different 
gases will be proportioned to the number of volumes of gaseous carbon 
condensed into one volume of the gas; and of these the oxygen consumed, 
and the carbonic acid produced, afford an accurate measure. (Henry’s 
Elements^ 1826, vol. i., 432.) “ If 100 volumes, for instance, of one gas) 
require for perfect combustion 100 volumes of oxygen, and 100 volumes 
of another gas take 200 of oxygen, the value of the second will be double 
that of the first. Specific gravity, though a guide to a certain extent, is 
not a sufficient one; for the weight of a gas may be owing to a large pro- 
portion of carbonic oxide, which only gives out a very small quantity of 
light. Photometrical experiments also appear to me to require greater 
perfection in the instruments that have been invented for that purpose, 
brfore we can implicitty trust to results obtained by their means: but 
there can be no fallacy in the combustion of these gases by oxygen, if 
conducted with ordinary care, and especially if in each instance an average 
be taken of two or three trials, which need not occupy more than a few 
minutes. Nor can it admit of doubt, that, other circumstances being 
equal, the brilliancy of light evolved by the combustion of gases which 
are constituted of purely inflammable matter, will bear a proportion to 
their densities, perhaps even a greater proportion than one strictly arith- 
metical; because, while, by the combustion of denser gases, a higher 
temperature is produced, the cooling agencies remain the same. It is 
proWble, therefore, that of two gases composed of the same ingredients, 
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that which has a double density will afford somewhat more than a double 
quantity of light." 

Economy op Gas Illumination.— The economy of gas-illumination 
may be judged of by examining the value of the products of distillation 
of a chaldron of coals, the 'average cost of which may be considered as 25^. 
It should afford — 

£ 

I J chaldron of coke, at 13«. - - - - - - 0 16 3 

24 gallons of tar, ammoniacal liquor, and other products, at IdL 0 2 0 

12000 cubic feet of gas, at \0s. per 1000 C. F. - - - 6 0 0 

. £6 18 3 

These products are taken nearly at their lowest value, but they afford 
ample grounds for showing the advantage of gas-illumination, not merely 
for public purposes, but also in private establishments. It appears that 
where about one hundred lights are required, a coal-gas apparatus will 
be found profitable. ^ ^ 

The cost of a lamp, fed by gas, and giving the light of seven 


candles, will be - -- -- -- 0 0} per hour. 

Of Argand's lamp, with spermaceti oil - - - 0 3 

Mould-candles - - - - - 0 3} 

Wax-candles ---12 


The following Table by Dr. Ure shows the relative intensities of light 
afforded by the combustion of different candles: — 


Number in a Pound. 

Duration of 
a Caudle, 

1 

Weight in 
Grains. 

Consump- 
tion per 
Hour: 
Grains. 

10 mould . * 

5h. Oin, 

682 


10 dip 

4 36 

072 


8 mould 

6 31 

866 


6 ditto . 

7 2} 

1160 

163 

4 ditto 

9 36 

1787 

186 

Argand oil-flame 

• • 

• 

612 



A pint of the best sperm oil, weighing about 13 ounces, burns, in a 
well-trimmed Argand, about 10 hours. 

Carbon and Nitrogen; Bicarburet op Nitrogen; Cyanogen; 
Prussine. +TI) or Cy. This gaseous compound was discovered 

in 1815, by Gay Lussac (Ann de Chim,^ xcv.), and termed cyanogen (from 
Nvavof, blue^ and yttvaui, to generate)^ in consequence of its being Essential 
to the formation of Prussian blue. It may be obtained from dry add 
pure crystals of cyanuret of mercury. This substance, when heated in a 
small glass tube to dull redness, becomes black, and a quantity of mercury 
passes over and condenses in the cold part of the tube: the gas which is 
at the same time evolved must be collected over mercury. Undel^ 
pressure' of between three and four atmospheres at the temperature 
45% Mr. Faraday condensed cyanogen into a limpid colourless liquid, of 
a specific gravity of about 0.9, and a refractive power rather less than 
that of water. When a tube containing it was opened, the expansion 
within appeared inconsiderable, and the liquid slowly evaporated, pro- 
ducing intense cold. It does not conduct electricity. ^ 

2k2 
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Cyanogen gas is colourless, and has a penetrating and very peculiar 
Smell, somewhat resembling that of bitter almonds. When a lighted taper 
is dipped into it, it is immediately extinguished, but the gas takes fire and 
burns Upon the surface, in contact with air, with a beautiful and very 
characteristic purple flame. Its specific gravity to hydrogen is as 26 to ] ; 
and to common air as 1.82 to 1 ; 100 cubic inches weigh 55.5 grains. It 
sustains a high temperature without decomposition. Water dissolves 
4.5 volumes, and alcohol 23 volumes of this gas. Sulphuric ether and 
oil of turpentine also absorb it. The aqueous solution reddens vege- 
table blues; and, according to Vauquelin (yf/ira. de Chim,^ Oct. 1818), 
is subject to spontaneous decomposition, being gradually converted into 
carbonic and hydrocyanic acids, ammonia, a peculiar acid, which he calls 
the cyanic^ and a brown substance containing carbon: the ammonia 
saturates the acids, and the carbonaceous compound is deposited. These 
changes are referable to the mutual re-action of the elements of cyanogen 
upon those of water. According to Wohler, the mutual action of 
cyanogen and water is attended by the production of cyanic acid and 
ammonia, which, by combination, generate urea. 

Cyanogen may be analyzed by detonation with oxygen, or by passing 
it over red-hot oxide of copper. One volume, detonated over mercury, 
with two of oxygen, produces two volumes of carbonic acid and one of 
nitrogen. Whence it^ appears that cyanogen consists of its own volqmc 
of nitrogen, combinea with carbon sufficient to form two volumes of 
carbonic acid; or of equal volumes of nitrogen and gaseous carbon; and 
if so constituted, as 


100 cubic inches of carbon vapour weigh 

100 „ nitrogen gas 

100 „ cyanogen vapour should weigh 

• 

Grains. 

26;4 

. ^ 

65.5 

Cyanogen, therefore is constituted of 

Carbon . .2 . . 12 

Nitrogen . 1 . . 14 

46.1 

63.9 

Vols. 

1 

1 

S. 6. 
0.843 
. . 0.976 

T 26 

ioo.b 

T 

1.819 

or it may be represented as annexed: 

Carbon. Nitrogen. 

13 14 

^ Cyanogen. 

26 


and the following diagr^s show the result of its detonation with oxygen : 


Before detonation. After detonation. 


Ono Tolume of Cyanogen and two 
of Oxygen. 


One volume of Nitrogen and two of 
Carbonic Acid. 
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Iodine, sulphur, and phosphorus may be sublimed in cyanogen without 
change; but when they are heated in contact with cyanuret of meicury, 
compounds of those bodies with cyanogen are the result. It also com- 
bines with several of th^ metals, and constitutes compounds which might 
be called nitrocarbureU: they hai^e sometimes been termed cyanides; 
but, perhaps, cyanuret is the least objectionable appellation. The 
«cyanurets also combine with each other, and produce an extensive and 
curious class of salts which have been termed double cyanurets. 

Carburet of Nitrogen. I employ this term to designate th% brown 
matter which remains in the retort after the preparation of cyanogen from 
cy^uiuret of mercury, and which, according to Mr. Johnson (Brewster's 
Journal^ Second Series, i., ^S)^ is a solid compound of carbon and nitrogen, 
isomeric with cyanogen. The same compound is produced by the action of 
mercury on a saturated alcoholic solution of cyanogen, and is also probably 
formed by chamng certain animal substances. It is soluble in the alkalies. 
.Heated in the aijr it yields several definite compounds of carbon and 
nitrogen in succession, and ultimately leaves a residue containing 1 atom 
of carbon and 1 of nitrogen, so that the carbon gradually bums away, 
leaving the nitrogen fixed till a protocarburet is formed. 

Cyanogen and Oxygen; Cyanic Acid, (s CAT* + 7^ + 0) or {Cy 
+0) or cy\ The existence of an acid composed of cyanogen and oxygen, 
was first suspected by Vauquelin; but for the m^e of obtaining it, its 
composition, and properties, we are indebted to W bhler, and to Liebig, 
though it can scarcely be said to have been hitherto procured in a de- 
tached state. When cyanogen is passed into alkaline solutions it is 
absorbed^ and a cyanuret and cyanate arc formed, w'hich, however, cannot 
be cfiectually separated, so that, in this respect, the action of cyanogen 
dli the alkaline solution corresponds with that of chlorine and of iodine. 
But, according to Wohler, a true cyanate may easily be obtained by 
exposing a mixture of black oxide of manganese and ferrocyanate of 
potassa to a dull red heat, carefully, avoiding too high a temperature, and 
boiling the resulting compound in spirit of wine of the specific gravity of 
0.86. As the solution cools, tabular crystals of cyanate of potassa are 
deposited. When these are dissolved in cold water the solution slowly 
decomposes, and, if boiled, carbonic acid and ammonia are produced, in 
consequence of the re-action of the elements present. Cyanic acid forms 
a soluble salt wdth baryta, but it occasions insoluble precipitates in solu- 
tions of lead, mercury, and silver, and these cyanates may be decomposed 
by diffusing them through water, and exposing them to the action of a 
current of sulphuretted hydrogen, not in excess. * A sour liquid, smelling 
like vinegar, is thus obtained, but it is very prone to decomposition. 
(See Cyanuric Acid,) 

According to the analysis oi W&Hev {Annales de Chimie et Phys,y 
XX. and xxvii.), corroborated by the experiments of Liebig, cyanic acid 
consists of . 

; :: u 

Oxygen . 1 . . 8 . . ?23.7 Oxygen . I . 8 . . 23.7 

1 34 io^ t 34 100.0 
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The facility of the conversion of an aqueous solution of cyanic acid 
into bicarbonate, of ammonia, vrill be apparent on reference to their atomic 
composition, for 1 equivalent of cyanic acid with 3 of water, or (s CCLT 
+yt +Q)+(3 A +3 0) are equal to 1 equivalent of bicarbonate of ammonia 
( 8 CCLT + ^ 0 4 *^ + .3 A)> or, represented iii abbreviated symbols CJf +3^ 
= (2Car'+A.) - 

iFuLMmic Acid. Under the articles Mercury and Silver^ the process 
for preparing highly detonating compounds of those metals, by acting 
Upon ^eir nitric solutions by alcohol, is stated : the experiments of 
Liebig and Oay Lussac {Ann. de Chim. et Phys.^ xxiv. and xxv.) lead 
to the inference, that in these singular combinations the metallic oxides 
are united to an acid containing the same elements, and in the same 
proportions, as the cyanic acid, to which, in that particular state of com- 
bination, the term Fubninic Acid has been applied. The results of 
analysis confirm such an opinion, but the properties of the two acids 
appear in many respects distinct, and it has been suggested that the 
difference may arise from peculiarities in the atomic arrangement of the 
dements, analogous to those of some of the hydrocarbons; in this case, 
however, the equivalents in atomic weights are identical, so that the 
fulmiiiic and cyanic acids appear absolutely isomeric: the whole subject, 
however, is intricate, and requires further experimental elucidation, as 
will appear more efident by reference to the history of the above- 
mentioned fulminating compounds. One circumstance here deserves 
remark, which is, that nitrogen constitutes an element of all the power- 
fully-detonating combinations. It is singular that so inert a substance 
should be productive of such activity; it is possible that its unknown 
elements may be concerned in the compounds thus resulting, and that its 
evolution may arise from their re-union. 

Cyanogen and Chlorine; Cyanuret of Chlorine; Chlorocyanic 
Acid. (^^+C.) This compound was first noticed by Berthollet, who 
termed it Oxyprussic Acid. M. Gay Lussac procured this compound by 
passing , a current of chlorine through a solution of hydrocyanic acid in 
water, till the liquid discoloured a dilute solution of indigo in sulphuric 
acid. He then deprived it of excess of chlorine by agitation with 
mercury, and submitted it to careful distillation, by which an elastic fluid 
was evolved, consisting of a mixture of carbonic and chlorocyanic acids ; 
and which, when condensed into >vater, furnishes a strong-smelling 
colourless solution, which reddens litmus. This compound neither de- 
tonates with oxygen ^or hydrogen, but bums vividly with a mixture of 
the two. It is sour, and neither precipitates nitrate of silver nor baryta- 
water. The alkalies absorb it, and when the compound is acted on by 
an acid, carbonic acid is evolved.. 

Serullas has given the followii^ process for obtaining pure cyanuret 
of chlorine. Bicyonuret of mercury, in powder, is moistened, and exposed, 
out of the presence of light, to the action of chlorine in a well-stopped 
phial: in the course of a few hours bichloride of mercury and cyanuret 
of chlorine are formed. The bottle is then cooled to 0^, by which the 
chlorocyanic vapour is solidified: chloride of calcium is introduced, the 
stopper replaced, and the bottle moderately warmed, that all water may 
be absorbed by the chloride. The vapour is then resolidified, by a second 
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exposure to the freezing-mixture, and in this state the bottle is filled 
with mercury, and a bent tube properly attached, so that on applying to 
it a gentle heat, the cyanuret of chlorine may he collected in an elastic 
state over mercury. If the moist cyanuret of mercury in chlorine be 
exposed to light, carbonic acid, muriate of ammonia, and a peculiar liquid 
compound of chloride of carbon and chloride of nitrogen are generated: 
hence the necessity, in the above procedure, of carefully excluding water. 
(Jnn, de Chim, et Phys.^ xxxv., 291 and 337-) 

After an enumeration of the results of the mutual action of dilorine 
and cyanogen under various circumstances, M. Serullas details the pro- 
perties of the cyanuret of chlorine. At 0° it crystallizes in transparent 
needles. Between 6° and 12°, or under a pressure of four atmospheres 
at 60°, it is a limpid colourless liquid; and at temperatures above 12°, 
under ordinary pressure, it acquires the state of vapour or gas, excessively 
irritating to the eyes and organs of respiration. Water at mean pressure 
and temperature dissolves about 25 volumes of it, alcohol 100 volumes, and 
ether about 50; but its solution does not redden litmus when pure, and 
it is expelled from water by heat without change. When free from 
cyanogen and from muriatic acid, it does not render turbid a solution of 
nitrate of silver. 

It appears from the researches of Gay Lussac and Serullas (Ann. de 
Chim,^ xcv., 205,) that 100 volumes of the vapour of cyanuret of chlorine 
consist of 50 volumes of cyanogen + 50 volume s of chlorine, the gases 
combining without a change of volume: accordingly, as 

50 cubic inches of cyanogen weigh 27.7 

50 „ chlorine ... . . 38.0 

100 „ cyanuret of chlorine should weigh . 65.0 

and it is a compound of 









Vols. 

Sp. Gr. 

Carbon 2 . . 
Nitrogen 1 . . 
Chlorine 1 . . 

12 . 
14 . 

. 19.4 1 

. 22.6 j 

I* Cyanogen 

1 . 

. 26 . 

. 42 . . 

0.5 . . 

0.91 

36 . 

. 68.0 

Chlorine 

1 . 

. 36 . 

. 58 . . 

0.5 . . 

1.23 

— 

— 

■■ 


— 

— 

— 

■■■ ■ ■ ' 

— 

1 

62 

100.0 


1 

62 

100 

1 

2.14 


Cyanogen and Iodine: Cyanuret op Iodine, (cy +1 -) — ^This com- 
pound was first obtained by Davy (Quarterly Journal^ i., 289,) and 
afterwards more fully examined by Serullas. (Ann, de Chim, et Phys,j 
xxvii.) It may be obtained by heating in a wide-mouthed vessel, a 
mixture of one part of iodine with two of pulverized bicyanuret of mer- 
cury. Vapour of iodine first rises, but as soon as cyanogen is evolved 
white fumes are formed, which, if received into a paper cone, or cool 
glass receiver, condense in a flocculent form. If very slowly resublimed, 
it forms long acicular crystals of an acrid taste, pungent^ odour, and 
exciting a flow of tears. It is very poisonous. It is heavier than sul- 
phuric acid. It dissolves in water, and still more readily in alcohol, and 
. the solutions do not redden litmus : alkaline solutions decompose it, 
forming iodates and hydrocyanates. It is instantly decomposed by solu- 
tion of sulphurous acid ; iodine is disengaged, and hydrocyanic evolved. 
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Dry sulphurous acid gas does not act upon it. From the experiments of 
Serullas it is probably composed of 

Carbon 2 . . ’ 12 , . 8.0 1 i 28 17 3 

Nitrogen 1 . . 14 . . 0.3 f Cyanogen 1 . . 26 . . 17.3 

Iodine 1 . . 125 . . 82.7 Iodine 1 . . 125 . . 82.7 

1 ~161 100.0 1 151 100.0 

Cyanogen and Bromine: Cyanuret op Bromine, { cy ^ rb .) — ^Two 
parts of dry bicyanuret of mercury are put into a small tubulated retort, 
or into the bottom of a sealed tube plunged into a freezing-mixture : one 
part of bromine is then added; a vivid action ensues, and so much heat 
is evolved, that if the temperature were not kept down the bromine 
would be volatilized : bromide of mercury and cyanuret of bromine are 
formed ; the latter crystallizes in needles in the upper part of the tube, 
whence it may be sublimed into a cold receiver by the application of a 
gentle heat : sometimes it forms small cubic ciystals. In many respects 
its physical properties resemble those of cyanuret of iodine ; its odour is 
excessively pungent, and it is so volatile as to exist in vapour at tempera- 
tures above 60^. It is more soluble in water and alcohol than the 
compound of iodine. Solution of potassa transforms it into cyanate and 
bromide of potassium. The solution furnishes a precipitate when added 
to nitrate of silver, composed of cyanuret and bromide of silver, easily 
separable by ammonia, which dissolves the latter but not the former. 
Like the cyanuret of iodine, it is extremely deleterious to animals. One 
grain of it dissolved in a little water, and introduced into the oesophagus 
of a rabbit, occasioned instant death — as rapidly as hydrocyanic acid ; it 
cannot, therefore, be examined without risk. Its composition has not 
been accurately determined. (Serullas, Ann. de Chim, et Phys.^ vol. 
xxxiv., p. 100.) 

Cyanogen and Hydrogen: Hydrocyanic Acid: Prussic Acid. 
{cy-\-h) or JlcyL — ^This compound was first obtained by Schcele {Stocks 
holm Trans.^ 17^2, 17B3,} and its composition ascertained by Berthollet 
in 1787> and by Clouet {Ann.^ de Chim,^ xi., 30.) It was not, how'ever, 
till the discovery of cyanogen by Gay Lussac, in 1815, that its real 
nature was understood, and its components accurately determined. 
Cyanogen and hydrogen have no direct mutual action ; but by the action 
of certain acids on the metallic cyanurets, hydrocyanic acid is formed by 
double decomposition: in this way it is obtained by the action of 
muriatic acid on bicyanuret of mercury, and the process is conducted as 
follows: — Introduce the cyanuret into a tubulated glass retort, and 
pour upon it rather less than its weight of muriatic acid (sp. gr. 1.20.) 
Adapt a horizontal tube to the beak of the retort, about two feet long and 
half an inch diameter; fill the first third of the tube next the retort with 
small pieces of white marble, and the other two-thirds with fragments of 
fused chloride of calcium ; adapt to its extremity a small receiver, sur- 
rounded by a freezing-mixture; on applying a gentle heat to the retort, 
hydrocyanic vapour will pass through the tube, and become condensed in 
the cold receiver; any portion of muriatic acid and watery vajpour that 
may rise along with it will be detained by the carbonate and chloride ; 
after this part of the process the whole length of the tube should be 
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gently heated, to expel the residuary hydrocyanic acid. As the extrica- 
tion of carbonic acid from the marble is not only inconvenient, but liable 
to cany off hydrocyanic acid, the distillation of any portion of muriatic 
acid should, as far as possible, be prevented, by placing the retort in an 
horizontal position, using the least possible quantity of it, and employing 
not more than a sufficient heat. 

• Another mode of obtaining hydrocyanic acid is that recommended by 
Vauquelin; it consists in placing cyanuret of mercury in a tube connected 
with a cooled receiver: sulphuretted hydrogen is then passed over the 
cyanuret, the sulphur of which combines with the mercury to form a 
sulphuret of mercury, and the hydrogen unites to the cyanogen to form 
hydrocyanic acid ; the whole of which may be easily driven, by the appli- 
cation of a gentle heat, into the cold receiver, and there condensed. 

The hydrocyanic acid thus obtained is a limpid liquid of a strong 
pungent odour, very like that of bitter almonds, in which, and in other 
species of amygdalus and prunus^ ure shall afterwards recognise it. Its 
taste is acrid, and it is highly poisonous, so that the utmost care should 
be taken to avoid the inhalation of its vapour. It volatilizes so rapidly 
as to freeze itself, when a drop of it is placed upon a glass plate. It 
feebly reddens litmus. Its specific gravity at 45^ is 0.705; and the 
specific gravity of its vapour, as experimentally determined by Gay 
Lussac,. is 0.9470: it boils at 80^. It is decomposed by many of the 
metallic oxides, and water and a metallic cyanuret are the results. 

In the voltaic circuit the hydrocyanic acid yields hydrogen, at the 
negative, and cyanogen at the positive electrode. When its vapour is 
mixed with oxygen, it may be burned by the electric spark, in which case 
two volumes of hydrocyanic vapour require for their perfect combustion 
two volumes and a half of oxygen: the results are water, two volumes of 
carbonic acid, and one volume of nitrogen. Gay Lussac found that when 
potassium was heated in the gas, cyanuret of potassium was formed, and 
hydrogen, equal to half the volume of the acid, liberated : it appears, 
therefore, that there is the strictest analogy between the hydrocyanic and 
the other hydracids, and that one volume of cyanogen and one of hydro- 
gen, form two volumes of hydrocyanic acid : and as 

50 cubic inches of cyanogen weigh . . . 27.7*^ 

60 „ hydrogen . ... 1.06 

100 „ hydrocyanic acid should weigh . . 28.8. 

hydrocyanic acid, therefore, is a compound of 

Hydrogen 1 . . 1 . . 3.7 Hydrogen 1 . . 1 . . 3.7 . • 0.6 . . 0.03 

T ^ 100.0 1 27 100 1 0.94 

Hydrocyanic acid dissolves in all proportions in water and alcohol. 
It is used in medicine as a sedative, and several formula have been given 
for its preparation: the following affords the acid of a convenient strength, 
and is that which is adopted at Apothecaries' Hall. One pound of 
cyanuret of mercury is put into a tubulated retort with six pints of water, 
one pound of muriatic acid, sp. gr. 1.16; a capacious cold receiver is 
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luted to the retort, containing one pint of water, into which five pints arc 
distilled over. If this first product contain any muriatic acid, it must be 
redistilled over a little carbonate of lime. The specific gravity of the 
product is 0.995. I^ut, as Dr. Ure has remarked, the specific gravity of 
the acid is not an adequate test of its strength, which may be more satis- 
factorily determined as follows: — ^To 100 grains, or any other convenient 
quantity of the acid, contained in a small phial, add, in succession, small 
quantities of pure peroxide of mercury in a very fine powder, till it ceases 
to be dissolved on agitation: the weight of the oxide taken up, being 
divided by 4, gives a quotient representing the quantity of real acid 
present. By weighing out beforehand, on a watch-glass, 40 or 50 grains 
of the peroxide, the residual weight of it shows at once the quantity 
expended {Quarterly Journal^ xiii., 312.) Dr. lire's Essay also contains 
a table of the specific gravity of the acid of various degrees of dilution, 
and directions to ascertain the presence of muriatic acid in it. As this 
•icid in its dilute state sometimes suffers partial decomposition by kci^piiig, 
it should be prepared in small quantities only for pharmaceutical use, 
and presort ed in vessels excluded from light. 

Another mode of obtaining the dilute hydrocyanic acid is to pass 
sulphuretted hydrogen through water, liolding in solution a known 
quantity of bicyanuret of mercury, so as coinpl(‘tely to decompose it: the 
excess of sulphuretted hydrogen is then abstracted by carbonate of lead 
and the solution of hydrocyanic acid filtered. 

A third process is that suggested by Mr. Clarke, of Glasgow. 
(Tliomson’s System^ ii., 220.) In 100 drachms of water dissolve eight 
drachms and a quarter of cyanuret of potassium, and add to the solution 
eighteen drachms and a half of crystallized tartaric acid, previously 
dissolved in twenty drachms of water. A double decomposition takes 
place ; bitartrate of potassa ialls down, and about 120 drachms of water 
remain, holding in solution 3| drachms of hydrocyanic acid, or 2.81 per 
cenU of the solution is hydrocyanic acid. A little bitartratc of potash 
also remains, which may be avoided by using a little alcohol mixed with 
the water. A fourth process recommended by Gicse, (Turner's Elements,) 
is as follows : 20 drachms of fcrrocyanuret of potassium arc dissolved 
in 80 of water, and with the solution is mixed a dilute^ acid made 
previously with ] 8 drachms by weight of strong sulphuric acid, and 40 
drachms of water, and allowed to cool. The dilute hydrocyanic acid is 
then distilled off, and if the amount is not 120 drachms, distilled water 
is added to make up that weight. 

The virulently poisonous nature of this acid has led to its occasional 
administration with criminal intentions : the mode in which it produces 
death, and the symptoms, are enumerated by medical and physiological 
writers, but the chemist may be called upon to suggest means of detecting 
it : this is generally easily effected in consequence of its very peculiar 
odour ; and if the fluid containing it be agitated with finely-powdered 
peroxide of mercury, crystals of cyanuret of mercury may be obtained 
on evaporation. The following is a more accurate test of its presence, 
originally ^suggested by Scheele : to the suspected liquid add a solution of 
protosulpkate of iron, and afterwards drop in pure potassa in slight 
excess, and after a short exposure to the air, redissolve the precipitate in 
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imuriatic acid. If hydrocyanic acid be present, the tint of Prussian blue 
will appear. 

I Except in cases of recent examination it is not easily detected in the 
contents of the stomach after death, since it is Recomposed with their 
putrefaction. In such cases Leuret and Lassaigne have recommended 
the following procedure : The stomach and its contents, cut into pieces, 
are carefully distilled with water slightly acidulated by sulphuric acid: 
the volatile products are condensed in a receiver surrounded by ice, and 
examined by the above-mentioned method : in such cases the acid is also 
generally recognised by its odour. 

IlVDRocYANATE OF Ammonia. This Salt may be obtained by mixing 
hydrocyanic acid with liquid ammonia ; it is anhydrous, and crystallizes 
in cubes or small prisms, and is extremely volatile. Dr. Thomson states, 
that when Prussian blue is exposed to a red heat, and the products of 
its decomposition received over mercury, the glass receiver becomes 
coated with crystals of this salt. Like the other hydrocyanates it soon 
suffers spontaneous change, and it is decomposed by the carbonic and 
other feeble acids. 

Cyanogen and Ammonia unite in the proportion of about 1 volume 
to 1.5, forming a compound which dissolves sparingly in water, giving a 
dark-brown solution. It does not throw down Prussian blue from solu- 
tions of iron. 

Cyanogen and Sulphur : Cyanuret of Sulphur. Sir H. Davy 
obtained this compound in 1816, by heating a mixture of sulphur and 
bicyanuret of mercury. {Quart, Jour.^ i. 289.) Liebig obtained it by 
passing chlorine over fused sulphocyanuret of potassium: at first, 
chloride of sulphur and bichloride of cyanogen distilled over, but after- 
wards an orange-coloured vapour appeared, which condensed in the 
upper part of the tube ; this was afterwards heated in dry chlorine to 
separate its excess of sulphur, and a yellow substance remained, appa- 
rently composed of two atoms of sulphur and one of cyanogen. Other 
methods of forming compounds of cyanogen and sulphur have been 
proposed, but none of them have been sufficiently examined to enable ua 
to pronounce with certainty respecting their composition. 

Cyanogen, Sulphur, and Hydrogen. By mixing cyanogen and 
sulphuretted hydrogen. Gay Lussac obtained a yellow crystallized com- 
pound. {Afin. de Chim,^ xcv.) This probably consists of one atom of 
cyanogen, and one of sulphuretted hydrogen, and is identical with the 
compound obtained by passing sulphuretted hydrogen into a saturated 
alcoholic solution of cyanogen. The mutual action, however, of 
cyanogen and sulphuretted hydrogen requires to be more minutely 
examined. We are indebted to Mr. Porrett, {Phil, Trans., 1814,) for 
our knowledge of a triple compound of cysmogen, sulphur and hydrogen, 
which he termed sulphuretted chyazic acid, but the term sulphocyanic 
acid, or hydrosulphocyanic acid is now generally applied to it. 

Sulphocyanic Acid, ((i^+2S+A,) or S(^',is most readily obtained 
by the following process, contrived by Vogel. Mix equal weights of 
flowers of sulphur and powdered ferrocyanuret of potassiuiR) and keep 
the mixture melted in a flask for half an hour ; when cold, reduce the 
mass to powdet, and digest it in water ; filter the solution, and add a . 
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sufficienqy of liquid potassa to throw down the iron held in solution. 
The liquid thus obtained is a solution of sulphocyanuret of potassium, 
from which liquid sulphocyanic add may be obtained by distillation with 
phosphoric or sulphuric acid. Thus procured, it is of a pinkish hue, 
with an acetic odou!^ and is characterized by the peculiar blood-red 
colour which it produces when mixed with persulphate or permuriate of 
iron. It reddens litmus, and neutralizes the alkalis, and forms a white 
insoluble salt with oxide of copper. When concentrated, its specific 
gravity is 1.022. It boils at 217% and at 15° it crystallizes. Most of 
its salts are soluble in alcohol. According to the experiments of Porrett 
and of Berzelius, {Ann. of Phil.^ xiii., and Ann. de Chim. et Phys.y xvi.,) 
sulphocyanic acid is composed of 


Carbon . . 

2 . . 

12 . . 

20.3 

. 20.30 

Nitrogen . . 

1 . . 

14 . . 

23.7 . 

. 23.85 

Hydrogen . . 

1 . . 

1 . . 

1 8 

1.68 

Sulphur . . 

2 . . 

32 . . 

54.2 . 

. 54.17 


r 

59 100.0 

100.00 

These elements are obviously equivalent to 



Cyanogen 

. . • 

1 . . 

26 

. . 44 

Bisulphuretted hydrogen • . 

1 . . 

33 

. . 56 



r 

59 

100 


Cyanuret op Selenium. No Ifinary compound of cyanogen and 
selenium has been obtained ; but byj^sing selenium with ferrocyanuret 
of potassium, a compound is obtained analogous to tliat^of sulphur : the 
hydroselenuH^yanic acid has, however, not been separated, so that its 
existence is as yet h}pothetical. 

Carbon AND Sulphur: Bisulphuret op Carbon. (CdZr’+sS.) Tliis 
compound was first obtained in 1796 by Lampadius, while distilling a 
mixture of pyrites and charcoal, and he termed it alcohol of sulphur. It 
was long regarded as a triple compound of carbon, sulphur, and hydrogen, 
till Clement and Desormes, {Ann. de Chim. xlii.,) and Cluzel, {Ann. de 
Chim. ^^xiv.,} showed the absence of hydrogen ; its properties and 
composition were afterwards more accurately determined by Marcet and 
Berzelius, {Phil. Trans.^ 1813, p. 1710 It is obtained by passing the 
vapour of sulphur over red-hot charcoal in a porcelain tube ; orihy dis- 
tilling about six parts of yellow iron pyrites (bisulphuret of iron) with 
one of charcoal. The product should be conveyed by a glass tube into 
cold water. When purified by redistillation, at a low temperature, with 
chloride of calcium, it is transparent, colourless, aij^ insoluble in water, 
but soluble in alcohol and ether ; its refractive power in regard to light is 
very considerable. Its specifia gravity is 1.272. It boils at 106% and 
does not freeze at - 60% ^gt is very volatile and inflammable, and has a 
pungent ^te md peculiar fetid odour. The cold which it produces 
during eviration is so intense, that by exposing a thermometer-bulb, 
covered with fi^e linfe^and moistened with it, in the receiver of an air- 
pump, the tem^iatUre sunk, after exhaustion, to - 80°. When a mer- 
curial thermometer waeUised, the metal froze. Bisulphuret of-carbon is 
Bomble in fixe^and vSdatile oils, and it dissolves camphor. It is decom- 
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posed, when water is present, by chloone and iodine ; and when potassium 
is heated in its vapour it bums and decomposes it. It dissolves sulphur 
and phosphorus, and the solution often deposits those substances in 
beautiful crystals. Passed over heated lime or baryta, it produces 
ignition, and carbonates of those bases, together with sulphurets of cal- 
cium and of bi^um. It is also decomposed by copper and iron at a red 
heat. Nitromuriatic acid converts it into a crystalline compound of 
muriatic, sulphurous, and carbonic acids. {Berzelius,) 

A portion of this compound appears to be frequently formed during 
the production of inflammable gas from coal, and to be retained in the 
state of vapour by the gas after its purification by lime ; such gas gives 
a sulphurous smell when burned, although perfectly cleansed from sul- 
phuretted hydrogen, so as not to discolour carbonate of lead. (Brande, 
Phil, Trans, ^ 1820, p.J9.) When burned with oxygen it forms car- 


bonic and sulphurous 1 

acid. 

It consists of 

BeithoUi't, Thfiiard, 
and Vtiuqutdiii 

lk*rzeliu8 
and Marret. 

Carbon 

1 

6 

15.79 

14 

15.17 

Sulphur 

2 

32 

84.21 

88 

84.83 


T 

38 

100.00 

100 

IOC 00 


According to Mitschcrlich, (who has described a good form of 
apparatus for obtaining sulphuret of carbon upon a large scale, 
Lehrbuch^ i., 153,) the specific gravity of the vapour of this compound 
is 2.670, and one volume of it is cenhposed of one-third of a volume of 

ft ftasT 

sulphur vapour 2,218) idid half a volume of carbon vapour 

(=»Ji^=0.4219.) 

OARBo-suLPnuRic AciD ; Hydroxanthic Acid. It appears, from the 
experiments of M. Zeisc, Professor of Chemistry at Copenhagen, that 
carbon and sulphur form a base acidifiablc by hydrogen, which he has 
called Xanthogene^ from the yellow colour of its compounds : the acid 
he terms hydroxanthic acid. When an alcoholic solution of pure potassa 
is mixed with bisulphuret of carbon, a compound is obtain^'d^ yrhioh, 
evaporated under the exhausted receiver of the air-pump over a ifui^ace 
of sulphuric acid, or exposed to a temperature of 32^, deposits acicular 
crystals, which become yellow by exposure to air, are very soluble, and* 
from wUch, upon the addition of dilute muriatic or sulphuric acid, an 
oily-looking fluid, heavier than water, is separated, which is the hydro- 
xanthic acid. Exposed to air it becomes covered with an opaque crust : 
it reddens litmus ; tastes sour, astringent, and bitter ; is inflammable ; 
and at 212^ is decomposed into bisulphuret of carbon and a peculiar 
inflammable gas. The action of ammonia on the sulphuret of carbon is 
very peculiar, and several new compounds result ; but upon these 
subjects the reader must consult the origindr sources .of information, 
which scarcely admit of abridgment, and which, indeed, aijp not very 
perspicuous in their details. {Ann, de Chint, et Phys,^ xxi. and xxvi. ; 
Annals of Phil. N. 5., iv. ; Quarterly Journal^ xvfii.) ^ 

According to Berzelius, the bisulphuret of ca^on is a sulphur acid^ 
and in combination with certain metallic sulphiflfets, or ^Iphur hastiy 
forms a distinct class of sulphur salts. 
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Carbon and Phosphorus : Phosphuret op Carbon. To obtain this 
compound, Dr. Thomson directs the following process {System^ ii., 259) : 
— ^Allow phosphuret of lime to remain in water till it no longer evolves 
gas : then add to the liquid excess of muriatic acid, agitate for a few 
moments, and throw the whole upon a filter; phosphuret of carbon 
remains, which is to be washed and dried. This compound is a soft 
powder, of a yellowish colour, without taste or smell : exposed to air, ii 
slowly imbibes moisture, and acquires an acid flavour. Exposed to a 
red heat, it bums, and gradually gives out its phosphorus, the charcoal 
being prevented burning by a coating of phosphoric acid. It consists of 
phosphorus 0.62 + carbon 0.38 (Thomson’s Annals^ viii., 157.) It would 
appear from the mode of obtaining this phosphuret, that it forms an 
ingredient in phosphuret of lime, as usually prepared ; it also is obtained 
in the process for procuring phosphorus, and exists in the red matter 
which contaminates phosphorus when first distilled. 

Carbon and Selenium : Carburet op Selenium : Seleniuret op 
Carbon. Berzelius has announced the existence of this compound, but 
has not described its properties. (Lehrbuch der Chejnie^ Dresden, 1826.) 

§ XII. BORON. 

This substance was discovered in 1887> by Sir II. Davy, and in 1808 its 
properties were examined by Gay Lussac, and Thenard. {Recherches 
Physico Chhniques.) It is obtained by heating in a copper tube two parts 
of potassium, with one of boracic acid previously fused and powdered. 
In this experiment the boracic acid, which consists of boron, and oxygen, 
is decomposed by the potassium. The fused matter is washed out of the 
tube yfith. water, and the whole put upon a filter. The boron remains in 
the form of a brown insipid insoluble powder. According to Dobereiner, 
{Ann. de. Chim. et Phys.^ ii. 214,) one part of charcoal or lampblack, in- 
tensely heated in a gun-barrel, with nine parts of borax, previously fused, 
and in fine powder, produces a disengagement of carbonic oxide, and a 
blackish mass results, which, after copious washings in boiling water, and 
once with muriatic acid, affords a greenish-black powder, having the cha- 
racters of boron mixed with a little charcoal. The charcoal probably first 
reduces the soda, and the sodium decomposes the boracic acid ; hence the 
produce of boron would probably be increased by adding to the borax 
half its weight of soda or potassa, and double the quantity of charcoal 
above mentioned. According to Berzelius {Ann Phil..^ xxxi. 128), 
boron is most economically obtained by decomposing the borofluoride of 
potassium or of sodium by potassium. 

Boron is a very deep olive-coloured substance, infusible, inodorous, 
insipid, and a non-conductor of electricity. Its specific gravity exceeds 2. 
It is not acted upon by air, water, alcohol, ether, or oils, but when heated 
nearly to redness, it takes fire and bums with difficulty into boracic acid: 
it is more easily oxidized by the action of nitric acid. 

Boracic Acid. {Jbo+ 6 0) or bof. This, which is the only known com- 
pound of boron and oxygen, was first obtained byHomberg in 1702, and 
was used in medicine under the name of sedative salt. Its composition 
was demonstrated by Davy in 1807. It is usually obtained by dissolving 
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the salt called horax in hot water, and subsequently adding half its weight 
of sulphuric acid; as the solution cools, white scaly crystals appear, which, 
when washed with cold water, are nearly tasteless, and which consist of 
boracic acid combined with about 40 per cent, of water, and retaining a 
little sulphuric acid, which it loses by exposure to a strong red-heat, and 
fuses into a transparent hard ghiss. Its specific gravity before fusion is 
1-48 ; after fusion, about 1.8. At a white heat this acid slowly sublimes 
when exposed to air. 

The hydrated boracic acid^ is soluble in about 30 parts of cold, and 3 
of boiling water: the latter solution deposits it in pearly scales as it cools: 
it is also soluble in ajcohol, to the flame of which it communicates a green 
colour. It has little taste and feebly reddens vegetable blues ; it renders 
turmeric brown, like an alkali (Faraday, Quarterly Journal., xi. 403.) 
The anhydrous acid becomes opaque when exposed to air ; it is very 
fusible, and forms fusible combinations with many of tlie metallic oxides ; 
hence, it is often used as a flux. 

According to Davy, boron, when burned in oxygen, or acidified by 
nitric acid, combines with about 68 per cent, of oxygen ; and with this, 
the theoretical estimate of Berzelius coincides : there is, however, a differ- 
ence of opinion as to the equivalent of boron and that of the boracic acid ; 
the anjilysis of Berzelius, Arfwcdson, and Soubieran gives the proportion 
of the acid to that of the soda in borate of soda as 68 to 32, and assuming 
that salt as a compound of one equivalent of acid, and one of base, I have 
upon the authority of Gmelin, sanctioned by the above analysts, and by 
the composition of some of the other borates, adopted 68 as the equivalent 
of the anhydrous boracic acid ; it will, therefore, consist of 


* 

Boron 

1 

. 20 

. . 29.41 


Berzulius. 

31.18 

Oxygen 

6 

48 

. . 70.59 

. . 

68.82 
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68 

100.00 


100.00 


And the hydrated or crystallized acid will consist of 

Berzeliits. 

Anhydrous boracic acid 1 . . 68 . . 55.74 . . 56 

Water „ 6 . . 54 . . 44.26 . . 44 

1 122 100.00 100 

Native Boracic Acid, occurs among the volcanic products of the 
Lipari Islands, whence it has been collected for the manufacture of borax; 
it also exists in the hot springs of that district, and in those of Sasso, in 
the Florentine territory, whence the term sassolin applied to it by some 
mineralogists. It also occurs in Datolite^ Boracite and some other minerals, 
and in native Borax. 

Boracic Acid and Ammonia; Borate op Ammonia. (A+6o'.) 
According to L. Gmelin, a neutral borate of ammonia is obtained by dis- 
solving boracic acid in slight excess of warm solution of ammonia ; the 
temperature rises, and by slow cooling opaque rhombic octoMra are de- 
posited, which effloresce by exposure to air, and g^ve off ammonia ; they 
are soluble in 12 parts of cold water and the solution when heated is con-' 
verted into biborate. This salt consists of 
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L. Gineliti. 

Soubiomn. 

AiTweiUoii. 

Ammonia 1 

. 17 

. 13.08 • 12.5 . 

13 544 . 

12.88 

Boracic acid 1 

. 68 

. 62.31 . 51.0 . 

50.000 . 

. 63.34 

Water 5 

. 45 

. 34.61 . 36.5 . 

36.452 . 

. 23.78 

1 

130 

100.00 100.0 

99.996 

100.00. 

Biborate of 

Ammonia. 

(A-f This salt is formed by satu- 


rating warm solution of ammonia by boracic acid and slow evaporation : 
it yields transparent, irregular, six-sided prisms, at first tasteless, then 
hot and bitter, and having alkaline reaction on test paper. It dissolves 
in eight parts of cold water, and gives out ammonia when heated. 
lu 6melin {Handhuch\ Soubeiraii (Jour, de Pham.^t xi., 34), Arfwed- 
son (PoggendoriF, ii., 1^.) This salt contains 


Ammonia 
Boracic acid 
Water 

1 . . 17 . . 

2 . . 136 

7 . . 63 

7.87 

62.96 

29.17 

Ar^ved8on. 

. . 7.9 

. . 64.0 

. . 28.J 

L. Gmclin. 

5.9 

. . 63.4 
. . 30.7 
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100.00 

100.0 
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Chloride op Boron. (bo-^-C,) 

Sir 

H. Davy first observed the 


combustion of boron in chlorine, and afterwards, Berzelius found that on 
passing diy chlorine over heated boron, or over a red-hot mixture of dry 
boracic acid and charcoal, a permanent gas was formed which might be freed 
from chlorine by passing it through mercury. This gas fumes in contact., 
of air, is soluble jn alcohol, and forms a liquid compound with ammonia 
(.Ann, of Phil,^ xxvi., 129). Its specific gravity according to Dumas, 
is 3.942. When absorbed by water it forms boracic and muriaHc acid. 
The composition of this chloride has not been ascertained. 

Iodide and Bromide of Boron are unknown. 

Fluoride op Boron: Fluoboric Gas. In the hope of obtaining 
anhydrous fluoric acid. Gay Lussac and Thenard heated a mixture of 
vitrified boracic acid and fluor-spar; the result was not as they had 
anticipated, but a peculiar gaseous compound was obtained, to which 
they gave the name oi fiuohoric acid, (Mem d* Arcueil^ ii. 317*) Dr. 
John Davy obtained the same gas, not, however, perfectly pure, by 
heating in a glass retort, over a lamp, a mixture of one part of vitrified 
boracic acid, two parts of finely-powdered fluor-spar (fluoride of calcium), 
and twelve parts of sulphuric acid. (Phil, Trans, ^ 1812). It is most 
probable that, in obtaining this gas, the oxygen of the boracic acid com- 
bines with the calcium of the fluor-spar to form oxide of calcium or lime, 
and that the boron and fluorine unite to produce the gas. The composi- 
tion of this gas, as far as concerns the relative weights of its components, 
is by no means ascertained ; and^ indeed, till the nature of fluorine has 
been more rigidly determined, difficulties upon this point must occur. 

Fluoboric gas, according to Dr. Davy, has a specific gravity = 2.371, 
according to Dumas = 2.31 ; it is colourless, of a pungent odour, highly 
deleterious to respiration, and extinguishes flame. It strongly reddens 
litmus; and when bubbles of it are allowed to escape into the air, the^ 

. produce a remarkable dense and white fume, in consequence of their 
eager attraction for, and combination with aerial moisture. Water takes 
up 700 times its volume of the gas, increasing in volume ^d density, 
and forming a caustic and fuming solution, in which Beraelius found 
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boracic and l\ydrofluoric acids in com1>ination, (Jborohydrqfluoric acid:) it 
•would seem, therefore, that fluohoric gas decomposes ^vater, and that the 
hydrogen of the water unites to the fluorine to form hydrofluoric acid, 
and the oxygen to the boron, to form boracic acid. When the solution is 
concentrated, the hydrofluoric and boracic acids again decompose each 
other, and the original compound is reproduced. Neither tlie gas nor the 
Jiquid acid act upon glass, but they speedily decompose almost all organic 
substances : a piece of paper introduced into the gas, standing in a tall 
jar, over mercury, causes its rapid absorption, and becomes charred as if 
burned, in consequence of the abstraction of the elements of water. 
When potassium is heated in fluohoric gas, it bums, and a brown com- 
pound results, consisting of boron and fluoride of potassium : the latter 
may be dissolved in water, and pure boron remains. Regarding fluohoric 
gas as a binary compound, it consists of 


Boron 

. 1 

. . 20 

. . 16 . 

Bfrzuliiig. 

. 16.24 

Vols. 

1 

Sp. Gr. 
J.3866 

Fluorine . 

. 6 

. . 108 

. . 84 . 

. 83.76 

3 . 

7.7372 


1 

128 

r • 100 

100.00 

7* 

2.2800 


Fluoborate of Ammonia. Fluohoric acid and ammonia condense 
each other apparently in three proportions. If one measure of the acid 
gas be admitted to one of ammonia, in a jar over mercury, complete con- 
densation ensues, and a solid compound results, which sublimes without 
decomposition when gently heated. It consists probably of 

J. Davy. 

Ammonia . . 2 . . 34 . . 21 . . 20 

Fluoboron. .1 . . 128 . . 79 80 

1 162 100 100 


Liquid Sub^luoborate of Ammonia. One measure of fluohoric gas 
with two of ammoniacal gas, condensed each other into a colourless liquid, 
which, when heated, or exposed to air, lost ammonia, and became 
converted into the former solid. This liquid compound consists 
therefore of 


J. Davy. 


Ammonia . 

. 4 

68 

34.75 

33 

Fluoboron . 

. 1 

. . 128 

65.25 

67 


1 

196 

100.00 

100 


Dr. Davy also found that a compound might be formed of one volume 
of fluohoric gas, and 3 of ammoniacal gas^ or of 1 proportional of the 
former, and six of the latter, and which, in its chemical properties, closely 
resembled the preceding. 


* In this calculated result, which 
nearly coincides with experiment, it is 
assumed that the specific gravity of boron 
vapour is 20 times that of hydrogen, and 


that the volume of fluorine which reprer 
sents its specific gravity in reference to 
hydrogen is, as is the case with oxygen, 
equal to two equivalents. 
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Such are the general properties of the simple non-metellic substances, 
and of their mutual combinations; they have been described in the order 
suggested at ^age 319, and I trust that the principles of nomenclatiire 
which are there adverted to will now be intelligible, and that the 
arrangement, adopted in respect to them and their numerous compounds, 
will be thought sufficiently perspicuous and convenient to justify the 
application of a similar method to the ifCetals, and to the multifarious com- 
binations which that important class of substances form with the bodies 
which have been described in this chapter. I have already observed, 
that, strictly speaking, the basis of Silica, under the name of silicon, 
should have been placed among the non-metallic elements, and that the 
analogies which it bears to boron are such, as to justify its dismissal from 
the metals: but others of its characters have been but imperfectly 
examined; and, if general analogies are made the basis of our arrange- 
ments, it would not be difficult to show that, in many other cases, the 
line of demarcation between the non-metallic and metallic bodies, is so 
indistinct, as to render it probable that they may gradually merge into 
each other, and that the distinctive characters by which it has been 
attempted to separate them, are not well founded: these matters will be 
more evident, when the history of the individual metals is examined ; 
thus, the striking analogy that subsists between sulphur and arsenic, is 
such, as closely to approximate those substances; and some of the other 
acidifiable metals are, by a similar analogy, related to arsenic; and, on 
the other hand, carbon approximates so closely in certain of its characters, 
to those considered appropriate to the metals, as, in the opinion of some, 
to justify its being placed among them : in short, the more we examine 
into the details of our artificial arrangements, the less consistent do we 
in general find them with nature ; so that they should always be regarded 
as merely tending to the convenience of description and discussion, and not 
as possessing any further claims upon our consideration. Hence, I have 
not thought it worth adverting, in detail, to the opinions of contemporary 
writers upon this subject, or enumerating the grounds upon which they 
have contrived plausibly to arrange the subjects of chemistry in an order 
extremely at variance with that which is here adopted. To describe those 
substances first, which, in the common acceptation of the term, are most 
important, which are of most frequent occurrence, and most influential in 
the majority of chemical phenomena; and to associate the description of 
compounds with those of their elements, seems to me to be the system 
which least perplexes the student, and is, therefore, that upon which the 
preceding and succeeding portions of this work are founded. 
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Chapter VI. 

OP THE METALS, AND THEIR COMBINATIONS. 


The metals constitute a numerous and important class of simple suli- 
stances. They are forty-two in number. 


1. 

Gold. 

16. Manganese. 

29. 

Sodium. 

2. 

Silver. 

16. Tungsten. 

30. 

Lithium. 

,3. 

Copper. 

17. Tellurium. 

31. 

Barium. 

4. 

Iron. 

18. Molybdenum. 

32. 

Calcium. 

5. 

Mercury. 

19. Uranium. 

33. 

Strontium. 

6. 

Tin. 

20. Titanium. 

34. 

Magnesium. 

7. 

Lead. 

21. Chromium. 

35. 

Silicium. 

8 . 

Zinc. 

22. Goliiaiibium. 

36. 

Alumium. 

9. 

Bismuth. 

23. Palbuliiim. 

37. 

Yttrium. 

10. 

Antimony. 

24. Rhodium. 

38. 

Glucium. 

11. 

Arsenic. 

25. Iridium. 

39. 

Zirconium. 

12 

Cobalt. 

26. Osmium. 

40. 

Cadmium. 

13. 

Platinum. 

27. Cerium. 

41. 

Thorium. 

14. 

Nickel. 

28. Potassium. 

42. 

Vanadium. 


Of these metals the first seven were known in very remote ages. 
The ancients designated them by the names of the planets, to which 
they were supposed to have some mysterious relation; and each was 
denoted by a particular symbol, representing both tJ)e metal and the 
planet. 

Gold was the Sun, and was thus represented 0 


Silver ••• Moon ... 2) 

. Mercury Mei’cniy ... g 

Copper .•• Venus ... j 

Iron ... Mars ... ^ 

Tin ... Jupiter ... 

Lead Saturn ... u 


Zinc was not known to the ancients, though they were probably 
acquainted with its ores, and with their property of forming brass wlien 
fused wilb copper. (Pliny, lib. xxxiv,, cap. 2 and 10.) The word Zifw 
first occurs in the writings of Paracelsus, who died in 1541. Bismuth is 
mentioned in the Bermannus of Agricola, written about 1530. Antimony 
was first obtained in its pure state by Basil Valentine towards the end of 
the fifteenth century. The process is described in his Currvs Triumphalis 
Antimonii. Arsenic and Cobalt were discovered by Brandt in 1733 
{Acta UpsaL 1733 and 1742); their ores were known at a much earlier 
period. Platinum was first recognised as a peculiar body in 1741, by 
Mr. Charles Wood, Assay-Master in Jamaica {PkiL Trans.^ vol. xliv.) 
In 175 ] y the distinctive characters of Nickel were shown by Cronstedt 
{Stockholm Transactions)^ and Manganese was obtained by Gahn in 1774 
(Bergmans OpMJCtt/a, vol. ii.) Tungsten was discovered by MM. Del- 
huyart, in 1701 {Mhnoires de Toulouse). Tellurium and jdolybdenum 
by Muller and Hielm, in 1782. Uranium by Klaprotb in 1789. Tita- 
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nium by Mr. Gregor, in 1789. Chromium by Vauqu.elin, in 1797 I^Ann, 
de Chim.^ vol. xxv.) In 1802, Mr. Hatchett discovered Columbium 
{Phil. Trans.) Palladium and Rhodium were discovered by Dr. Wol- 
laston; and Iridium and Osmium by Mr. Tennant, all in 1803 {Phil. 
Trans.) Cerium was announced in 1804, by MM. Ilisinger and Berze- 
lius (Gehlen’s Journal^ ii.) Potassium and Sodium were discovered in 
I 8 O 7 , by Sir H. Davy, whose experiments also led to the discovery of tlje 
metallic ^nature of the ten following bodies. Professor Stromeyer, of 
Gottingen, discovered Cadmium in 1818. Thorium was discovered by 
Professor Berzelius in 1829, and Vanadium by Professor Seftstrom, of 
Fahhin, in 1830. 

Metiils are chiefly found in the earth in veins which traverse the 
granitic, schistose, and limestone rocks; and they also occur, although 
comparatively rarely, in rounded and detached fragments and nodules, 
disseminated through certain alluvial strata. They seldom occur in an 
uncombined state, but almost always united to other substances, as in the 
four following classes: — 

i. Native Metals are those which occur pure or alloyed, such as pla- 
tinum, rhodium, iridium, osmium, gold, silver, mercury, copper, antimony, 
arsenic, and tellurium. 

ii. Metals combined with simple non-mctallic substances. The com- 
pounds belonging to this class are the native metallic oxides^ and native 
chlorides; iodides and bromides are extremely rare ; and there are very 
kvf fluorides. The native metallic sulphur ets are a very numerous and 
important series of ores. The seleniurets are very rare. One native car- 
buret only is known, that of iron. There are no native hydrurets, phos- 
phurets, nor borurets. 

iii. Metals in combination with acids; Metallic Salts. Of these the 
most common are the native carbonates^ sulphates^ and phosphates: there 
are a few native borates; and a few species belong also to this class in 
which the oxide is united to a metallic acid: such as ihe native arseniates^ 
chromates^ tungstates^ molybdates^ and vanadiates. 

The metals, as a class, are characterized by opacity, and a peculiar lustre. 
Tlieir opacity is such, that even when extended into very thin leaves, they 
generally transmit no light ; silver-leaf, only one one-hundred-thousandth 
of an inch in thickness, is perfectly opaque. Gold when beaten out into 
leaves one two-hundred-thousandth of an inch in thickness, Ihinsmits 
green rays of light. Their lustre depends upon their great power of 
reflecting light, in consequence of their opacity. They are excellent con- 
ductors of heat and of electricity. (See pages 143 and 226.) 

The polished metals are very imperfect radiators and receivers of heat 
(page 194); but they arc excellent reflectors both of light and heat, and 
hence their peculiar fitness for the construction of burning mirrors. 
According to Leslie, the metals, as reflectors of radiant heat, may be 
arranged in the following order, the highest number implying the greatest 
reflective power: — 

Brass . . . 100 

Silver . . . . 90 

Tin . . ^ . 80 

Iron . ' . , . .70 

Leiia . . ' . 60 
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AVhenever the polish of the metaUie surface is impaired, its power of 
reflecting heat suffers a proportionate diminution, while its power of 
absorbing, and also of radiating heat, is proportionably increased. 
(See page 190.) 

The greater number of the metals are susceptible of assuming the 
crystalline form. With many, this may be effected by fusion and slow 
^cooling, and especially by suffering a ladle, or crucible, filled with the 
melted metal, to concrete externally, and then perforating the solid eftist, 
and pouring out the liquid interior; the cavity so formed will then be 
lined with crystals ; this mode of proceeding answers extremely well with 
bismuth, which furnishes a singular congeries of cubic crystals (p. 1 10). 
When the metals are precipitated by each other, they often crystallize 
during their deposition, as is seen in the precipitation of silver by mercury, 
and in that of lead by zinc. A stick of phosphorus immersed in a solution 
of silver becomes incrusted with beautiful metallic crystals, which, after 
some time, perfectly encase the phosphorus. Gold is occasionally depo- 
sited in a crystalline form, from its nitromuriatic and from its ethereal 
solutions. Some curious fiicts, relating to this subject, will be found in a 
paper by Professor Daniell, ‘‘ On certain Phenomena resulting from the 
action of Mercury upon different Metals." (^lioyal InstiL Journal^ i. 1.) 

There is the greatest difference in the specie gravity of the different 
metals, the heaviest and lightest solids being included in the list. Their 
specific gravity is also in some instances a little increased by hammering, 
rolling, and some other mechanical processes by which they arc perma- 
nently compressed. 

The principal metals, arranged according to their specific gravities, 
stand as follow; — 


1. Platiiiin 

21.(K) 

13. Nickel . 

8.27 

2. Gold 

. 19.30 

14. Iron 

7.78 

3. Tungsten 

17.50 

15. Molybdenum- 

. 7.40 

4. Mercury . 

. 13.50 

10. Tin 

7.30 

5. Palladium 

11.50 

17 . Zinc 

7.00 

(). Lead 

. 11.35 

18. ^Manganese 

0.85 

7 . Silver 

10.47 

19. Aiitiniouy 

e .70 

8. Bismuth . 

. 9.80 

20. Tellurium . 

. 6.10 

U. Uranium 

9.00 

21. Titanium 

5.3 

10, Copper 

. 8.89 

22. Ai*senic 

. 5.8 

11. Caclinium 

8.00 

23. Sodium 

0.972 

12. Cobalt 

. 8.53 

24. Potassium . 

. 0.805 


Malleability, Among the metals, some are malleable^ other/? brittle; 
hence the ancient division into perfect and semi-metah. Common gold- 
leaf is not more than 55^555 th of an inch in thickness, and five grains are 
sufficient to cover a surface of more than 270 square inches. This capa- 
city of being extended by the hammer, belongs to the following metals : — 


Gold. 

Silver. 

Copper. 

Tin. 

Cadmium. 


Platinum. 

Lead. 

Zinc. 

Iron. 

Nickel. 


Palladium. 

Potassium. 

Sodium. 

Frozen Mercury. 


DuctiUtt/. The malleable metals are also ductile i that is, they admit 
of being drawn out into wires. A gKun of gold may be drawn, it is Bcdd, 
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into 500 feet of wire;, and by enveloping it in silver. Dr. Wollaston 
found that it might be so extended, as that 700 feet weighed only one 
grain; in thickness, therefore, not exceeding of an inch. The 

coating of silver was removed by dilute nitric acid. In the same way he 
has produced platinum wire of similar tenuity. {Phil, Trans.^ 1813.) 
The metals are arranged according to ductility as follows: — 

Gold. Copper. Lead. 

Silver. Zinc. Nickel. 

Platinum. Tin. Palladium. 

Iron. 

Tenacity, Different metallic wires are possessed of different .degrees 
of tenacity^ by which is meant the power of supporting a weight without 
breaking. According to the experiments of Guyton Morveau, the fol- 
lowing are the weights capable of being sustained by wires 6.787 of a 
line in diameter. {Ann, de Chim,^ Ixxi.) 


A wire of iron supports 


lbs. dec. 
avoir. |mrt». 

549.250 

,, copper . 

. 

. 302.278 

„ platinum . 

. 

274.320 

„ silver . 

. 

. 187.137 

„ gold . 

. 

150.753 

„ /.iiic 

. . . 

. 109.540 

„ tin . 

. , 

34.0:^0 

,, lead 

. 

. 27.621 

Brittleness, The following metals are 

SO brittle as to admit 

being reduced to powder. 



Antimony. 

Cobalt. 

Tungsten. 

Arsenic. 

Columbium. 

Titanium. 

Bismuth. 

Manganese. 

Uranium.' 

Cerium. 

Molybdenum. 

Tellurium. 


Chromium. 

« 


Hardness, Few of the metals, when pure, are very hard,^ and many 
so soft as to yield to the nail. In the following table some of the metals 
are arranged in the order of their hardness : — 


Titanium. 

Rhodium. 

Tungsten. 

Palladium. 

Manganese. 

Iron. 


NickeL 

Platinum, 

Copper. 

Silver. 

Bismuth. 

Gold. 


Zinc. 
Antimony. 
Cobalt. 
Tin. 

Arsenic. 

Lead. 


Elasticity and sonorousness belong to the hardest metals only. 

Such are the essential physical characters of the metals ; they also 
resend)le each other in many of their chemical properties^ as the following 
general observations show: — 

Action of Heat*. The metals are all susceptible of fusion by heat, 

* In the exanuiation of the effects of substance sufficiently small to be enve- 
heat upon metallic and mineral sub- loped in its flame; and the experienced 
stances, the hkwpipe is a most useful eye is thus frequently enabled to antici- 
and necessary auxiliary to our other pate, with much precision, the nature of 

operations ; it affords a simple and con- the substance submitted to experiment, 
venient means of heating to a very high There are numerous forms of the blow- 
degree, and almost instantaneously, any pipe, among which, that represented in 
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but the temperatures at which they liquefy are extremely various. 
Mercury is fluid at all common temperatures, and requires to be cooled 
to 39^ before it congeals. Potassium melts at about 140°, and sodium 
at 200°; tiniat 460°; lead at 600; zinc at 700; and antimony at 800°. 
Silver, gold, and copper, require a bright cherry-red heat ; iron, nickel, 
and cobalt, a white heat; manganese and palladium an intense white 
heat ; molybdenum, uranium, tungsten, and chromium, are only very im- 
perfectly agglutinated at the highest temperatures of our iumaces ; and 
cerium, osmium, iridium, rhodium, platinum, and columbium, require the 
intense heat produced by an inflamed current of oxygen and hydrogen, 
or that of Voltaic electricity; and in respect to titanium it is doubtful^ 
whether it has ever been fused. Arsenic volatilises before it fuses; but 
in general, at higher temperatures than that required for their fusion, the 
metals are volatile, and may be distilled in close vessels. Mercury, 


fig. 225 is perhaps the 
most convenient. It 
consists of a brass- 
tube with an ivory 
mouth-piece h\ the 
other end of the tube 
terminates in a circu- 
lar box, from which 
issues tlic small tube 
dy moveable in any 
direction round the 
centre o, by which 
any degree of obli- 
quity may conveni- 
ently be given to the 
fiame; c is a brass 
jet wliich fits upon 
the tube d. 

The following ob- 
servations respecting 
the use of the blow- 
pipe, and its action 
upon several sub- 
stances, are extracted 
from Mr. Children’s 
Essay on Chemical 
Analysis ; a work 
from which the stu- 
dent may derive 
much valuable infor- 
mation. 

A continued stream 
of air is absolutely 
essential, to pro- 
duce which, without 
fatigue to the lungs, 
an equable and un- 
interrupted inspira- 
tion must be main- 
tained by inhaling 
air through the nos- 
trils, whilst tliat in 
the mouth is forced 



I through the tube by the compression of 
I the cheeks. A little practice will make 
j this operation easy, but at first consi- 
! derable lassitude is generally experi- 
I cnced in the buccinator muscles. Upon 
this subject, see Faraday’s Manipulationy 
sect. iv. After habit has rendered the 
operation familiar, a current may be 
kept up for ten or fifteen minutes, with- 
out inconvenience. A large wax-candle 
supplies the best flame, which being 
urged by the blast, exliibits two distinct 
figures ; the internal flame is conical, 
blue, and well delined, at the apex of 
which the most violent degree of heat is 
excited; the external is red, vague, and 
undetcimined, and of very inferior tem- 
perature to the former. 

The substance to be submitted to the 
action of the blowpipe, which should not 
be larger than a small pepper-corn, must 
be supported either on charcoal, or a 
slip of platinum or silver foil, or be held 
in a pair of platinum pincers. In the first 
case it may be placed in a cavity in the 
charcoal, and another piece laid over it 
to prevent its being caried off by the 
blast. The metallic supports are used 
when the subject of the experiment is 
intended to be exposed to the action of 
heat only, and might be altered by con- 
tact with the cliarcoal. If a very intense 
heat be requii'cd, tlie foil may be laid on 
charcoal. Salts and volatile substances 
are to be heated in glass tubes, closed 
at one end, and enlarged according to 
circumstances, so as to form small 
matrasses. 

The exterior flame should first be 
directed on the substance, and when its 
action is known, then the interior blue 
flame. Notice should be taken, whether 
the matter decrepitates, splits, swells up. 
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cadmium, arsenic, potassium, sodium, tellurium, and zinc, are volatile at 
a red heat. Oold and silver are converted into vapour when exposed to 
the intense heat of the focus of a burning lens ; and several of the other 
metals boil and evaporate under similar circumstances. It is probable 
that this would happen to all of them, if raised to sufficiently high 
temperatures. 


liquefies, boils, vegetates, changes colour, 
smokes, is inflamed, becomes obedient 
to the magnet, &c. ; when the action of 
heat alone has been ascertained, it will 
Jbe necessary to examine what further 
change takes place, by fusing it with 
various fluxes, and also whether it be 
capable of reduction to the metallic state. 

The three most useful fluxes are, the 
triple phosphate of soda and ammonia, 
subcarbonate of soda, and borax. These 
are to be kept ready pulverised, and 
when used, a sufficient quantity may be 
taken up the moistened point of a 
knife; the moisture causes tlie particles 
to cohere, and prevents their being blown 
away, when placed on the charcoal. The 
flux must be melted into a clear bead, 
and the substance then placed on it, and 
submitted, first to the action of the ex- 
terior, and then to that of the interior, 
flame. The appearances which ensue 
must be observed; as, 1st. If the sub- 
stance be dissolved^, and whether with 
or without efiervescence. 2nd. The 
transparency, and colour of the glass 
whilst cooling. 3rd. The same circum- 
stances, when cold. 4th. The nature of 
the gkra formed by the exterior flame. 
5th. Also, by the interior flame. 6*th. 
The particular appearances with each of 
the fluxes. 

Subcarbonate of soda does not form a 
bead on charcoal, but with a certain de- 
gree of heat is absorbed; it must there- 
fore be added in very small quantities, 
and a gentle heat used at first, which 
will promote combination without the 
absorption of the alkali. Some minerals 
combine readily with very small portions 
of soda, but difficultly if more be added, 
and are absolutely infusible with it in 
great excess; and when the sulistaiice 
has no affinity for tliis flux, it is absorbed 
by the charcoal, and no combination 
ensues. When the mineral contains 
sulphur or sulphufic acid, the glass ac- 
quires a deep-yellow colour, which by 
the light of a lamp appears red, as if 
produced by copper. If the glass bead 

become opaque as it cools, 80 as to render 

the colour indistinct, it should be broken. 


and a part of it mixed with more of the 
flux, till the colour becomes purer, and 
distinct. To make the colonr more per- 
ceptible, the bead may be flattened 
whilst soft, or drawn-out to a thread. 

If it be wished to oxidate a metallic 
substance, combined with either of tlie 
fluxes, the glass is first heated intensely, 
and when fused, gradually withdrawn 
from the point of the blue flame, and the 
operation repeated as often as necessary, 
ufeing a jet of large aperture. The addi- 
tion of a little nitre also assists the oxi- 
dation. For the reduction of metallic 
oxides, the glass bead is to be kept in 
fusion on charcoal, as long as it remains 
on the surface and is not absorbed, that 
the metallic particles may collect into a 
globule. Jt is then to be fused with an 
additional quantity of soda, which will 
be absorbed by the charcoal, and the 
spot where the absorption has taken 
place strongly ignited by a tube with a 
small aperture. By continuing the 
ignition, the portion of metal which was 
not previously reduced will now be 
brought to the metallic state, and the 
process may be assisted by placing the 
bead in a smoky flame, so as to cover it 
with a soot that is not easily blown off. 

The beads which contain metals fre- 
quently have a metallic splendour, which 
is most easily produced by a gentle, 
fluttering, smoky flame, when the more 
intense heat has ceased. With a mode- 
rate heat the metallic surface remains ; 
and by a little practice it may generally 
be known whether the substance under 
examination contains a metal or imt. 
But the glass of borax alone sometimes 
assumes externally a metallic appear- 
ance. When the charcoal is cold, that 
part impregnated with the fused mass 
should be taken out with a knife, and 
ground with distilled water in an agate 
mortar. The soda will bo dissolved; 
the charcoal will float, and n^ay be 
poured off; and the metallic particles 
will remain in the water, and may be exa- 
mined. In this manner most of the 
metals may bo reduced. 
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The following table of the fusibility of the metals has been diawn 
up by Dr. Turner. {Elements of Chem., p. 448.) 

Fahrenheit. 


Fusible 
below 
a red 
heat. 


Infusible 
below 
a red 
heat. 


Mercury 
Potassium 
Sodium . 
Tin . 
Bismuth . 
Lead . 


136“ 

190“ 

442“ 

497 ® 

612“ 


442“ 

1873“ 

1996“ 

2016“ 


Tellurium : rather less fusible than lead 
Arsenic, undetermined 

Zinc 

Antimony, little below redness . 

Cadmium * . • • . 

Silver 

Copper 

Gold 

Cobalt; rather less fusible than iron 

Iron, cast 2786' 

Iron, malleable 1 require the highest heat 
Manganese j of a smith’s forge. 

Nickel, nearly the same as cobalt 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
Columbium 


Different Clicmists. 
Gay Lussac and 
Thenard. 

Crichton. 

Klaproth. 


773“ Daniell. 


Stromeyer. 

Daniell. 


Daniell. 


Ahnost infusible, and not to be procured in buttons 
by the heat of a smith's forge, but fusible before 
tlie oxyhydrogen blowpipe. 


Action op Oxygen. Wlieii the metals are exposed at ordinary 
temperatures to the action of oxygen, or of common air, which produces 
analogous, though less powerful effects, they are very differently affected. 
If the gas be perfectly dry, few of them suffer any change, unless heated 
in it; they then lose their metallic characters, and form a very important 
series of compounds, the melalltc oxides, A few of the metals resist the 
action of heat and air so completely, tliat they may be kept in fusion in 
an open crucible for many hours without undergoing change. This is 
the case with platinum and gold ; hence they and a few others were 
called noble metals: by passing a strong electric discharge through them, 
when drawn into very fine wire, they are reduced to the state of impal* 
pable powder, which is sometimes regarded as an oxide; but the appearance 
ensues in hydrogen as well as in common air, and the oxides of those 
metals are reducible by heat alone: the appearance, therefore, is probably 
referable to minute mechanical division only. Other metals readily 
absorb oxygen when exposed to a temperature approaching a red heat ; 
as iron, mercury, nickel, &c.; others absorb it when in fusion, as lead, 
tin, antimony, &c.; others at lower, or even at common temperatures, as 
arsenic, manganese, sodium, potassium, &c. The mutual action, how- 
ever, of metals and oxygen is apparently much interfered with by their 

aggregation, for some of them, which under ordinary circumstances are 
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only slowly oxidized by exposure to air and heat, are rapidly acted on 
when in very fine mechanical division, even at common temperatures ; 
and this would probably be found more generally the case, had we the 
means of reducing them to extremely fine powder. 

That the metals have different attractive powers in regard to oxygen 
is shown by the circumstance of one metal being oxidized at th€ 
expense of another: thus the oxide of mercury, heated with metallic 
iron, produces metallic mercury and oxide of iron; potassium, heated 
with oxide of manganese, becomes oxidized, and metallic manganese is 
obtained. Upon the same principle, solutions of metallic oxides in the 
acids may often be reduced to the metallic state by the immersion of 
other metals. Mercury thus decomposes nitrate of silver; copper decom- 
poses nitrate of mercury; and iron decomposes nitrate of copper. In 
these cases of metallic precipitation, electricity becomes active the moment 
that the deposition commences; the precipitating or reducing metal being 
positive, and that which is precipitated, or reduced, negative. Very 
beautiful crystalline deposits may thus often be obtained, as where silver 
is precipitated by mercury, and lead by zinc. Metals which are thus 
difficultly throAvn down from their solutioxjs in acids, are sometimes easily 
obtained from their solutions in alkalis, as for instance tungsten and tin. 

Many of the metallic oxides are reduced, when in solution, by the 
protosalts of iron and tin, which by abstracting oxygen pass into the state 
of persalts, and throw down the reduced metal in a pulverulent form. 
The protosalts of iron are in these cases preferable to those of tin, inas- 
much as the resulting peroxide of iron is retained in solution, and the 
precipitated metal is pure; but the peroxide of tin often falls along with 
the reduced metal, in consequence of its difficult solubility in most of the 
acids. 

Some of the oxides are decomposed by mere exposure to heat, as those 
of platinum, gold, silver, and mercury: others require the joint action of 
heat, and some substance having a high attraction for oxygen, such as 
charcoal. Thus when oxide of lead is heated with charcoal, carbonic acid 
gas is evolved, and metallic lead obtained. This important process is 
termed reduction^ and is performed in various ways, as wdll appear by 
reference to the history of individual metals. The reduction of an oxide 
is also frequently effected by passing a current of dry hydrogen over it in 
a heated tube ; in this case the oxygen is carried off in the form of water. 
Sometimes the reduction of an o^fide is effected by the aid of another 
metal possessed of a very superior attraction for oxygen, as in the cases 
cited in the preceding paragraph; and in some cases complicated attrac- 
tions are directed to the process of reduction, as in the production of 
potassium by the action of red-hot iron upon hydrate of potassium. 

Electricity is an all-powerful agent in metallic reduction, and capable, 
under certain circumstances, of overcoming the most energetic attractions. 
This important subject has been discussed and illustrated in a former 
chapter (p. 280). 

Some of the metallic combinations, especially those of gold, are 
reducible by the agency of light (p. 184); the salts of silver are also dis- 
coloured or partially reduced by the same agency. 

The oxiffizement of a metal is an essential preliminary to the forma- 
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tion of its oxy-salts, or, in other words, to its combinations with oxy-acids; 
and in this respect common chemical nomenclature is inaccurate. Thus 
we speak of sulphate of copper^ nitrate of sine, &c., meaning sulphate of 
oxide of copper, nitrate of oxide of zinc, &c. This ambiguity is prevented 
with respect to the alkalies and alkaline earths, the oxides of their bases 
being characterized by a distinct termination: thus phosphate of soda 
means phosphate of oxide of sodium^ dec.; a circumstance which induced 
Sir H. Davy to propose an analogous termination for all the oxides, appro- 
priately applied to their common Latin names: Cupra^ oxide of copper; 
Argenta^ oxide of silver, dec.; but this proposal, which he extended to 
other compounds, was never generally adopted. 

Each metal has a certain definite quantity of oxygen with which it 
combines; and where the same metal unites in more than one proportion 
with oxygen, in the second, third, and other compounds, it is a multiple 
of that in the first, consistent with the law of definite proportionals. 
Thus, J 00 parts of mercury combine with 4 of oxygen to produce the 
black oxide, and with 8 to produce the red oxide. Copper also forms two 
oxides; in the one 12.5 of oxygen are united to 100 of metal, and in the 
other to 25. Where two oxides only are thus formed, that with the mini- 
mum of oxygen is termed the protoxide^ and that with the maximum of 
oxygen the peroxide; where there are three or four distinct steps of 
oxidizement, the terms deutoxide or hinoxide^ and tritoxide or teroxide^ 
may be applied to the second and third stages; and where the proportion 
of oxygen, in three oxides, is in the relation of 1, 1|, and 2, the second 
is termed a sesquioxide* 

M. P. de Montizon has attempted to show de Chim, et Phys.^ 

vii., 7) that a relation subsists between the quantity of oxygen with 
which the metals combine, and their specific gravities ; the oxygen being 
a multiple or submultiplc of the density ; and he has given a table com- 
paring the results deduced from such a theory, with those obtained by 
analysis; his instances, however, do not establish the conclusion. 

Among the combinations of metals with oxygen, some are insoluble 
in water, or nearly so, and have neither taste nor smell; others are 
soluble and sour, constituting the metallic acids; others are soluble and 
alkaline, forming the fixed alkalis and alkaline earths. They are of all 
colours, and frequently the same metal united to different proportions of 
oxygen produces compounds differing in colour: thus we have the black 
and red oxide of mercury, the gree9 .and the black oxide of manga- 
nese, SiQ, 

The different oxides of the same metal frequently form distinct salts 
with the acids, and the quantity of acid required to neutralize the oxide 
bears a direct proportion to the oxygen which it contains. Thus, 208 
parts of protoxide of mercury, containing 8 of oxygen, combine with 40 
of sulphuric acid to form the protosulphate of mercury; and 216 parts of 
the peroxide of mercuiy require 80 of sulphuric acid to constitute the 
persulphate of mercury. This law was first developed by Gay Lussac 
{Memoires dArcueil^ ii., 159). It sometimes happens that the same 
oxide unites with an acid in two proportions, forming two distinct salts, 
in which case the acid in the second is a multiple of that in the first. 
Thus, 48 parts of potassa unite to 22 and to 44 of carbonic acid, forming 
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a carbonate and a bicarbmate o( potassa. We thus have an oxalate^ a 
binoxalatCy and a quadroxalate^ of potassa, &c. 

The metallic oxides occasionallj combine with each other, forming 
definite compounds; instances of such combinations are common in the 
mineral kingdom: in this case one of the oxides appears to perform the 
part of an acid, and the other that of base. Many of the compounds of 
silica furnish illustratiye instances. The salts of the proper met^lic acids 
are also analogous compounds. 

Action op Chlorine*. All the metals appear susceptible of com- 
bining with chlorine, and of producing a class of compounds which may 
be termed metallic chlorides. There are a few of the metals which resist 
the action of chlorine at common temperatures, but when heated they all 
combine with it; some slowly; others rapidly, and with intense ignition. 
Copper-leaf, powdered antimony, arsenic, &c., bum when thrown into 
the gas: mercury and iron inflame when gently heated in it; silver, gold, 
and platinum, quietly absorb it. In these cases, minute mechanical 
division remarkably accelerates the action. The attraction of chlorine for 
metals is, with very few exceptions, greater than that of oxygen; conse- 
quently, when a metallic oxide is heated in chlorine, oxygen is evolved, 
and a chloride formed. The insoluble chlorides are also formed by adding 
solution of chlorine, or of the soluble chlorides, or of muriatic acid, to 
the soluble metallic salts. Thus chloride of silver, which is insoluble, is 
thrown down from the soluble nitrate of silver by solution of chlorine, of 
muriatic acid, and of common salt: hence, too, all the soluble chlorides 
are recognised, by yielding a white precipitate in solution of nitrate of 
silver, which is soluble in ammonia, and which, when pure, rapidly 
blackens by exposure to the sun’s rays. 

Tlie physical and chemical properties of the chlorides are extremely 
various. They are nearly of all colours. They are generally unchanged 

* The compounds of chlorine, iodine, compound bases peiform, as it were, the 
bromine, and fluorine, which we have part of simple substances in constituting 
here designated chlorides^ iodides, &c., acids, especially with hydrogen ; tliis is 
have been formed by Berzelius and some the case with cyanogen, which thus 
other writers into a distinct class, dcsig- foims hydrocyanic acid ; and with sulpho- 
nated by others they are de- cyanogen, which forms sulpho-cyanic 

signated salts of the hydradds, as opposed acid ; and the action of the metals upon 
to the 8€tlts of the oxyaoids ; but 1 have not these acids corresponds in many in- 
thought the value of such distinctiois stances to their action upon those with 
sufficient to induce me to infringe upon simple bases ; potassium, for iustance, 
the general order of arrangement adopted when it acts upon one volume of hydro- 
in this Manual. The difierence, how- cyanic acid disengages lialf a volume of 
ever, in the constitution and peculiarities hydrogen, and combines with the cyano- 
of the hydracids and their salts must not gen, to form what we have termed 
be overlooked : these acids are marked from sulpho-cyanic 

by the absence of oxygen, and by the acid it also disengages hydrogen, and a 
union of their elements in one proportion sulpho-cyanuret (f potassium is the result, 
only; so that one volume of each of their The termination ur^^is here employed 
components combine to produce two consistently with the nomenclature ap- 
volumes of the respective hydracids. plied to the simple combustibles; but 
The question how far hydrogen is es- others, pursuing the analogy to chlorine, 
sential to the developement of acid pro- &c., just mentioned, have called these 
perties has been elsewhere adverted to. compounds oyanideSf sulpho^cyanides^ &c. 
It is also to be remarked, that certain 
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by heat; but some undergo decomposition. Some are soluble, others 
insoluble, in water. Some permanent; others deliquescent. Several of 
them decompose water, giving rise to the formation of muriatic acid, and an 
oxide; or, perhaps, in some cases to a muriate. They are fusible, and many 
of them crystallizable.* Some are extremely volatile at common tempera- 
tures, and others fixed in high heats. A few exist, at all ordinary tem- 
peratures, in the liquid state. They are generally decomposed at a red 
heat by hydrogen, which produces muriatic acid, and reduces the metal. 
Anhydrous sulphuric acid appears not to act upon them; but the common 
hydrated acid decomposes them, with few exceptions, evolving muriatic 
acid : the theory of these changes is elsewhere explained. Some of the 
metals rapidly decompose certain chlorides in consequence of their superior 
attraction: thus chloride of eilver is decomposed by zinc, &c. All the 
soluble chlorides furnish a white precipitate in solution of nitrate of 
silver. 

The same metal often forms more than one compound with chlorine, 
and these compounds are designated as the oxides. Thus we have the 
protocMoride and perchloride of mercury, &c. 

Many of the metals decompose muriatic acid, in which case hydrogen 
is evolved, and a metallic chloride produced; and when metallic oxides 
are heated in muriatic acid, they generally give rise to the formation of 
a chloride and water. 

There are a few' metallic oxides which, at low temperatures, absorb 
and retain chlorine, but they hold it by very feeble attraction. The 
chlorides of potassa and of lime will be described under those bodies. 
It has also been combined with the oxides of iron, zinc, and copper. 
(Grouvelle, Ann, de Chim, d Phys.^ xvii.) These compounds are de- 
composed by heat and by the acids. 

Action op Culoric Acid. The compounds of the metallic oxides 
wdth chloric acid, or chlorates, are decomposed by heat with the copious 
evolution of oxygen, and a chloride generally remains: they deflagrate 
when heated with charcoal or other combustibles. In the chlorates the 
proportion of oxygen in the base to that in the acid is as 1 to 5 : some of 
these salts have been long known, others only recently investigated. The 
oxychloratesy or perchlorates, have been scarcely examined. Like the 
chlorates, they yield oxygen when heated: and the proportion of oxygen 
in the base to that in the acid is as 1 : 7* 

Action op Iodine. Iodine, aided by heat, acts upon many of the 
metals, and produces metallic iodides. Some of these are soluble in water 
without decomposition; others decompose water and produce hydrwdaies; 
others are insoluble. The insoluble iodides may generally be formed by 
adding a solution of iodine or of hydriodic acid, or of an iodide, to the soluble 
metallic salts. Iodine often combines in more than one proportion with 
metals, forming a protiodide and ekperiodide. The iodides are decomposed 
by chlorine and j|pomine, and some by oxygen ; but in other instances iodine 
expels oxygen from its combinations with the metals. Iodides are also 
decomposed by nitric and by sulphuric acid; and in all these cases the 
free iodine is easily recognised by starch: (p. 341.) According to Gay 
Lussac, when the vapour of iodine is passed over hot lime, baryta, and 
strontia, it does not expel their oxygen, but unites with them as oxides. 
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These compounds « are not very permanent, and are decomposed at a 
temperature a little exceeding that required to form thein.^ 

Action op Iodic Acid. The compounds of this acid with the metallic 
oxides have been but little examined: they are decomposed and converted 
into iodides by heat, sometimes with the evolution of oxygen only; at 
Others, iodine is also given off. 

Action op Bromine. Bromine combines with the metals and pro- 
duces bromides^ analogous in their general habitudes, to the chlorides and 
iodides: they are formed either by the direct c'lction of bromine, or by 
that of hydrobromic acid upon metallic oxides; or, when insoluble, they 
are precipitated by the. addition of the soluble bromides to metallic 
solutions. Bromine also unites to some of the metallic oxides, and 
produces bleaching compounds. Chlorine disengages bromine from its 
binary metallic compounds, and bromine expels iodine from the iodides; 
BO that the attraction of bromine for the metals is intermediate between 
chlorine and iodine. 

The Bromates are little known. When heated to redness they 
become bromides^ by tlie loss of oxygen. 

Action op Fluorine. As fluorine has not been obtained in a separate 
state, its immediate action upon the metals is not known; but it would 
probably be energetic. Such of the fluorides as are insoluble may be 
obtained by the medium of a solution of fluoride of potassium, or by 
precipitation by hydrofluoric acid: the soluble fluorides are formed by 
digesting the oxides in the hydrofluoric acid. The fluorides are not decom- 
posed by oxygen, chlorine, iodine, or bromine; but they are immediately 
recognised by the evolution of hydrofluoric acid, when moistened and 
heated with sulphuric acid, and by their action upon glass under such 
circumstances. 

Action of Hydrogen. Hydrogen forms permanent compounds with 
two of the metals only, namely, arsenic and tellurium. It appears to 
combine with each in two proportions, forming two solid compounds, the 
hydrurets or hydrogurels of arsenic and tellurium; and two gaseous 
compounds, arsemuretted and telluretted hydrogen. At high temperatures 
it dissolves potassium, forming potassiuretted hydrogen gas. Hydrogen 
also appears to combine with zinc, at least it frequently retains a little of 
that metal in its gaseous state. 

There are many of the metallic oxides and chlorides, which are 
decomposed by hydrogen : the oxides arc reduced with the formation of 
water, and the chlorides with the production of muriatic acid. 

Action OP Water. Those metals which are speedily acted upon by 
common air and oxygen, are also generally capable of decomposing 
water; some of them rapidly, others slowly. I^ere are some metals 
which are hot acted upon by air deprived of moisture, nor by water 
deprived of air; but moist air, or water containing air, effect their oxidize- 
ment: ibis appears to be the case with iron. (Dr. Mar||||^ Hall, Qiuar^ 
terly Journal^ vii., 55.) Water combines vrith some vdf the metallic 
oxides^ and produces hydrated oxides^ or metallic hydraies. In these the 
relative proportion of water is definite. Some are easily decomposed by 
very moderate heat, as hydrate of copper; others retain water even when 
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heated to redness, as hydrate of potassa; others are decomposed at a red 
heat, as hydrate of lime. 

Action of Nitric ,Acid. The greater number of metals are 
capable of decomposing nitric acid by the abstraction of a part of its 
oxygen, and thus of resolving it into some of the other nitric compounds; 
nitric acid is a very generally acting solvent, therefore, of these bodies. 
«It dissolves nearly all the metallic oxides, and produces a numerous class 
of nitrates^ which, if prepared with heat and with excess of acid, gene- 
rally contain the metal at its maximum of oxidizement. The nitiatcs 
arc all decomposed by a red-heat ; they give off oxygen and nitrogen, 
either separate or combined, and the metallic oxide remains. They are 
also decomposed when heated with sulphur, phosphorus, or charcoal; 
and sulphurous, phosphoric, and carbonic acids are formed: the phos- 
phoric, being a fixed acid, remains united to the metallic oxide ; while 
the sulphurous and carbonic acids are usually expelldd. The nitrates arc 
decomposed by sulphuric acid, nitric acid is evolved, and sulphates are 
formed. Iii the neutral nitrates the proportion of oxygen in the acid is 
to that in the base as 5 to 1. Tims in the nitrate of potassa, 48 parts of 
potassa, containing 8 of oxygen, are combined with 54 of nitric acid, 
containing 40 (8x5) of oxygen ; and in the nitrate of oxide of <‘opper, 
40 parts of oxide of copper, containing ft of oxygen, are combined with 
54 of nitric acid, containing 40 of oxygen. 

Action of Ammonia. At high temperatures some of the metals are 
capable of decomposing ammonia. Liquid ammonia dissolves several of 
the metallic oxides, and with some of them forms crystallizable com- 
pounds. It dissolves the oxides of silver^ copper, zinc, arsenic, antimony, 
and tellurium ; the protoxides of iron, cobalt, and nickel ; and the per- 
oxides of tin, mercury, gold, and platinum. These compounds are all 
decomposed by heat. The compounds of ammonia with the oxides of 
gold, silver, arid platinum, detonate when heated, and the oxide and the 
ammonia are both decomposed. 

Action op Sulphur. All the metals appear capable of forming 
sulphurels. These are forilied, 1st. By heating the metal in a close vessel, 
with sulphur; and it not unfrequently happens that, during the combi- 
nation, the metal becomes intensely ignited, burning as it were in the 
vapour of the sulphur, and furnishing a striking instance of combustion 
without the presence of oxygen; this is the case with potassium and 
sodium, and with the filings or shavings of copper, lead, and iron. 2ndly, 
By heating a mixture of sulphur and a metallic oxide, in which case 
sulphurous acid escapes, and the metallic sulphuret remains behind. 
3rdly, By decomposing the sulphates^ either by subjecting them to the 
action of a current of hydrogen gas in a heated tube, or by heating a 
mixture of the sulphate with charcoal. 4thly, By the action of sulphu- 
retted hydrogen. 5thly, By fusing the oxide with a mixture of carbonate 
of potash and |plphur, in which case an alkaline bisulphuret is first 
formed, and sustains a red heat, but at that temperature a proportion of 
its sulphur is imparted to the reduced metal of the oxide. The sulphurets 
ore in general brittle; some have a metallic lustre, and are opaque; others 
are without lustre, and more or less transparent. They are fiinble. 
Some are soluble, but the greater number insoluble in water. Where the 



628 


PROPEATIES 0F;MKTALS. 

same metal fonns two sulphurets, the sulphur in those containing the 
largest proportion is an exact simple m^iple of the sulphur in those 
containing the smallest proportion; hence we have sulphurets and 6m/'- 
phureis. There are also metallic sesquisulphurets ; and^ generally 
speaking, the sulphurets correspond in number and atomic composition 
with the oxides. When the metallic sulphurets are heated in close 
vessels, some undergo no change, as those of sodium and potassium; 
others sublime unaltered, as sulpliuret of mercury and sulphuret of 
arsenic ; others lose a portion of their sulphur, and, if air be admitted, 
sulphurous acid escapes, and the metal passes into the state of oxide, as 
sulphuret of lead and sulphuret of copper; and it is thus that these 
sulphurets are oxidized by the process called roasting^ previous to their 
reduction, upon the large scale ; others again are entirely decomposed, 
the metal being completely reduced; this happens on heating sulphuret 
of platinum or of gold. Definite compounds of sulphur with some of the 
metallic oxides, have been obtained by Arfwedson. {Ann. de Chim. et 
Phys.^ vi., 204.) 

There are certain double sulphurets, which Berzelius has designated 
sulphur salts; in these cases he terms the electronegative sulphurets, 
sulphur acids; and the electropositive sulphurets, sulphur ba§es; among 
the sulphur acids^ he enumerates the sulphurets of arsenic, antimony, 
gold, molybdenum, tellurium, tin, and tungsten; he also calls sulphu- 
retted hydrogen, sulphocyanic acid, sulphuret of selenium, and sulphuret 
of carbon, sulphur acids. The principal sulphur bases are' the proto-sul- 
phurets of the metals of the alkalis and alkaline earths, and the hydro- 
sulphuret of ammonia (sulphuret of ammonium.) 

Hyposulphurous Acid combines with the metallic oxides, and pro- 
duces a class of salts termed hyposulphites. Seyeral of these have been 
examined by Herschel. {Edin. Phil. Journal^ i.) In some of their cha- 
racters they resemble the sulphites : they are easily soluble ; of a bitter 
or sweet taste ; and decomposed by a heat below redness, and by almost 
all other acids. Their solutions readily dissolve chloride of silver. 

Sulphurous A.cid combines with many of the metallic oxides, pro- 
ducing sulphites ; in some instances oxygen is transferred from the oxide 
to the acid, and sulphates result. 

The sulphites are soluble in water, and have a sulphurous taste and 
smell. Exposed to moist air, they absorb oxygen, and pass into the state 
of sulphates. They are decomposed by sulphuric acid, which expels sul- 
phurous acid, and the salts are converted into sulphates. When perfectly 
pure they are not affected by solution of baryta. 

Hyposulphubic Acid forms with the metric oxides a class of hypo- 
sulphates^ They do not afford precipitates with solution of baryta. 
When heated they evolve sulphurous acid, and are converted into neutral 
sulphates: when their solutions are boiled with sulphuric acid, sulphurous 
acid is evolved, but no sulphur is precipitated. # 

.Sulphuric Acid, in its concentrated state, and unaided by heat, is acted 
upon by a few of the metals only; when diluted, some of them are oxidized 
at the expense of the water, hydrogen is evolved, and the metallic oxide 
combines with the acid, producing a sulphate. In these cases the hydrogen 
evolved is the indicator of the quantity of oxygen transferred to the 
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metal ; every volume of hydrogen is the equivalent of half a volume of 
oxygen, and accordingly the p^uction of 100 cubic inches of hydrogen 
indicates the transfer of 50 of raygen, or, by weight, of about 17 grains. 
As different metals unite to different weights of oxygen, they will obviously 
evolve different quantities of hydrogen. Thus, if oiie metal, to become 
soluble in sulplyiric acid, require to be united with 10, and another with 
!g0 per cent. t)f oxygen, the latter-will evolve twice the volume of hydrogen, 
compared with the former. As the evolution of hydrogen, during the 
solution of a metal in dilute sulphuric acid, is referable to its oxidizemcnt, 
no hydrogen will be evolved by the action of the acid upon an oxide, but 
it will be merely dissolved. 

The sulphates are an important class of salts. The greater number of 
them are soluble in water, and the solutions yield a precipitate with the 
soluble salts of baryta which is insoluble in acids and alkalis. The inso- 
luble sulphates may be recognised by igniting them in fine powder with 
thrice their weight of carbonate of soda, by which a soluble sulphate of 
soda is formed : it may be separated by water and filtration, and tested 
by nitrate of baryta. The sulphates of potassa, soda, lithia, lime, 
baiyta, and strontia, resist a white heat without decomposition : 
the other sulphates evolve, when intensely heated, sulphuric acid, 
sulphurous acid, and oxygen. Many of them are decomposed at high 
temperatures by the action of hydrogen, which carries off the oxygen 
of the acid, and of the base, and leaves a metallic sulphuret. In some 
cases the sulphur also combines with the hydrogen, and the sulphate thus 
affords a reduced metaL They are all decomposed at a red heat by char- 
coal, and most of them are thus converted into sulphurets ; carbonic acid, 
and carbonic oxide, being at the same time evolved. In the neutral sul- 
phates the proportion of oxygen in the acid is to that in the base as 3 to 
1. Thus sulphate of soda is composed of 32 soda, containing 8 of oxygen, 
combined with 40 of sulphuric acid, containing 24 (8 x 3) of oxygen; and 
in the sulphate of copper, 40 parts of oxide of copper, containing 8 of 
oxygen, are combined with 40 of sulphuric acid, containing 24 (8 x 3) of 
oxygen. 

Action op Sulphuretted Hydrogen. When sulphuretted hydrogen 
combines with metallic sulphurets, it forms one class of the sulphur-salts. 
It seems doubtful whether any of the metals combine with sulphuretted 
hydrogen. Its combinations with their oxides have been termed hydro- 
sulphates or hydrosulphuretted oxides^ but it generally happens that in the 
mutual action of the sulphuretted hydrogen and the oxide, both are 
decomposed, the hydrogen combining with the oxygen of the oxide to 
form water, and the sulphur uniting to the metal to form a metallic sul- 
phuret. In a few cases the metallic oxide is reduced. The following 
table shows the effect of sulphuretted hydrogen and of sulphuretted 
hydrOsulphuret of ammonia upon solutions of several of the metals, as 
fiw as cfdmr of the precipitate is concerned, these precipitates being often 
resorted to as qualitative tests. 
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1 SOLUTION. • 

SULPHURETfED 

METAL. 

hydrouen. 

Manganese 

Neutral protochloride 

No precipitate 

Iron . . 

1, 

1 
. 1 

and small in 


quantity 

Ditto . . 

Perchloride 

Abundant black 

Zinc . . 

Chloride 

A little opalescent and 
then milky 

Tin 

Acid protochloride 

Brown 

Ditto . . 

Acid perchloride 

At first 0, then yellow 
and copious 

Cadmium . 

Chloride 

Yellow 

COPPEB . . 

Protochloride 

Deep brown 

Ditto . . 

Nitrate 

Black 

Lead . . . 

Chloride and nitrate 

Black 

Antimony . 

Tartrate of antimony 
and potassa. 

Deep orange-red 

Bismuth . 

Tartrate of bismuth 
and potassa. 

Deep brown 

Cobalt . 

Chloride 

0 but blackish 

Uranium 

Sulphate 

'Brown 

Titanium . 

Acid muriate 

0 

Ditto . . 

Neutral sulphate 

0 

Cerium . .; 

Protosalts 

0 

Tellurium 

Sulphate 

Black 

Arsenic . 

White oxide (add sol.) 

Yellow 

Ditto . . 

Arsenic acid (ditto) 

.Ditto 

Nickel . . 

Sulphate 

Brown 

Mercury . 

Acid nitrate 

Black, then gray, and 
black by excesBof test 

Ditto . . 

Acid pemitrate 

Ditto 

Ditto . . 

Corrosive sublimate 

Brown by excess of test 

Osmium . . 

Solution of oxide 

Metallic 

Palladium 

Muriate 

Brown 

Silver . . 

Nitrate 

Black and metallic 

Gk)LD . 

Chloride 

Black and reduced gold 

Platinum . 

Chloride 

Deep brown 


HYDROSULPIIURET 
OP AMMONIA. 

Copious ochre-yellow 
Bl^ and abundant 

Black 

Stvaw-colour and co- 
pious 

Deep orange 
Apple-green 

Yellow 

Brown 

Brown and black 
Brown and black 
Bright orange 

Deep brown 

Copious black 

Blackish brown 

Black 

Green 

White 

Black 

Yellow 

Ditto 

Black 

Black by excess of test 

Ditto 

Ditto 

Metallic 

Brown 

Ditto 

YeUow 

Pale brown 


Action of Selenium. Selenium acts upon the metals with nearly the 
same phenomena as sidphur, and in their general characters the seleni- 
urets and sulphurets ore analogous : when heated in the open fire the 
selenium bums slowly off with an azure flame, and the odour of radish. 
The atomic composition of the seleniurets follows that of the sulphurets, 
and they are best obtained by precipitating the metallic solutions with 
seleniuretted hydrogen, and then, if biseleniurets are required, the precipi- 
tate maybe fused with selenium, and the excess driyen off by distillation. 
The selenites and seleniates are decomposed by sulphurous acid, which 
throws down the selenium of a red colour in the cold, and nearly black at 
a boiling heat. Distilled with muriate of ammonia, selenium passes oyer. 
In the selenites the oxygen in the acid is to that in the base as 2 to 1, and 
in the seleniates as 3 to 1; these salts^ therefore, are isomoiphous with 
the sulphites and sulphates. 

Action of Phosphorus. Phosphorus combines with the greater 
numher of the metals, forming a series of metalUc phosphurets. There 
are three methods of forming them ; either by heating a mixture of phos- 
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pilorus and the metal, or projecting phosphorus upon the metal previously 
heated to redness; or by heating a mixture of the metal or its oxide, with 
phosphoric acid and charcoal ; or by passing phosphuretted hydrogen over 
the heated metallic oxide. A few only of the phosphurets can be obtained 
in the humid way, for when metallic solutions are precipitated by phos- 
pjiuretted hydrogen the metal is generally reduced. These phosphurets 
have a metallic lustre; if they contain a difficultly fusible metal, they are 
more fusible than the metal they contain ; if an easily fusible metal, less 
so. They are mostly crystallizable, and totally or partly decomposable at 
a high femperature. The greater number o£ the phosphurets have only 
been examined by Pelletier. (Ann. de Chim. tom. i. and xiii., and Memoires 
et Observations de Chimiei) The existence of compounds of metallic 
oxides with phosphorus appears doubtful. 

When phosphorus is introduced into the solutions of those metals 
which have but a feeble attraction for oxygen, it reduces them to the 
metallic state. Thus, gold, silver, and platinum are thrown down by 
immersing a stick of phosphorus into their respective solutions. 

The Hypophosphites and the Phosphites have been imperfectly ex- 
amined. When heated they evolve phosphorus or phosphuretted hydro- 
gen, and are converted into phosphates : their solutions smell of phos- 
phorus, and reduce the salts of gold, silver, and mercury. 

Action of PnospnoRic acid. The metallic phosphates* may be 
formed either by dissolving the oxides in phosphoric acid, or by adding a 
solution of phosphoric acid, or of an alk^ine phosphate, to solutions of 
those metals which form insoluble or difficultly soluble phosphates. The 
greater number of the phosphates are decomposed and converted into phos- 
phurets, by ignition with charcoal; and those containing volatile oxides are 
volatilized at high temperatures. The phosphates of ammonia, potassa, 
and soda, are soluble; but the greater number of these salts are difficultly 
soluble, and some insoluble in water: they are dissolved by phosphoric, 
nitric, and muriatic acids, and precipitated, generally without change, by 
ammonia. Those which are insoluble are mostly decomposed by boiling 
with carbonate of potassa. Several of the phosphates occur in the native 
state, constituting some beautiful but generally rare minerals. 

In the neutral phosphates the quantity of oxygen in the acid is to that 
in the base as 2.5 to 1. Thus, phosphate of soda consists of 32 soda con- 
taining 8 oxygen, and 36 phosphoric acid containing 20 (8x2.5) of 
oxygen. But the phosphoric acid unites to bases in several other propor- 
tions, giving rise to a variety of subsalts and supersalts, of which the most 
important will be noticed in the sequel. 

Action op Carbon. Carbon unites to very few of the metals ; and 
of the metallic carburets^ one only is of importance, namely, carburet of 
iron, which constitutes the varieties of cast-iron, and steel. 

• When some of the metallic cyanurets, and certain of the salts of 
metallic oxides and organic acids are decomposed by heat, the residuary 
products appear to be, in some cases, true carburets ; these, hoMi^ver, 
have been but imperfectly examined. 

• The isomeric varieties of these salts, namely, the pyrophosphates and mstaphos- 
phates will be pointed out afterwards. 


2 M 2 
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Carbonic Acid unites with the greater fifflhber of the metallic oxides, 
and forms carbonates^ of which the distinctive characters have already 
been noticed; most of them are of diflScult solubility, and may be 
formed by adding an alkaline carbonate to the metallic solution. Of 
the carbonates some are entirely, and others only partially, decomposed 
at a red heat. Carbonate of magnesia, for instance, loses the whole of 
its carbonic acid at a red heat ; carbonate of potassa retains it ; and bi- 
carbonate of potassa loses one-half, and passes into the state of car- 
bonate. The carbonates are decomposed by nearly all the other acids, 
and are then distinguished by the efferres nee that ensues on the escape 
of carbonic acid gas. 

In the neutral carbonates the proporti a of oxygen in the base is to 
that in the acid as 1 to 2. Carbonate of potassa, for instance, consists of 
48 of potassa containing 8 of oxygen, and 22 of carbonic acid, con- 
taining 16 (8 X 2) of oxygen. 

The carbonates are not uncommon natural products. 

Cyanogen combines mth many of the metals, and forms compounds, 
which we call cyanurets^ or cyanides. The compounds of the cyanic 
add^ or the cyanates^ are so decomposed, either by the action of water or 
the acids, that the cyanic acid is resolved into carbonic acid and ammonia, 
with no trace of hy^ocyanic acid. The fulminates explode when heated, 
and evolve hydrocyanic acid by the action of the pxyacids. The Hydro- 
cyanaies have been but imperfectly examined; they appear peculiarly 
susceptible of decomposition. 

Stdphocyanurets and Sulphocyanates produce a characteristic red 
colour when added to a solution of persulphate of ii'on. 

The action of Boron upon the metals has not been fully in- 
vestigated. 

The Borates of the alkalis are soluble : with other bases the boracic 
acid mostly forms difficultly soluble or insoluble compounds, which are 
easily formed by adding solution of boracic acid, or a soluble borate to 
the metallic solution. The borates are generally decomposed in the 
humid way, by sulphuric, nitric, and muriatic acids ; but, at a red heat, 
the boracic acid expels the more volatile acids from their basic com- 
pounds. The presence of this add may in many instances be detected 
by digesting its compounds in sulphuric acid, evaporating to dryness, 
and boiling the residue in alcohol, which will then be found to bum with 
the characteristic green flame. 

Action of the Metals upon each other. The metals may, for the 
most part, be combined with each other, forming a very important 
class of compounds, the metallic alloys. In the act of combination they 
generally evolve heat; thus, when platinum and tin-foil are fused 
together, there is vivid ignition; so, also, when melted zinc and 
copper are suddenly mixed in the proportions to form brass, the increase 
of heat is such as to vaporize part of the metal. Yarious processes are 
adopted in the formation of alloys, depending upon the nature of the 
metals. Many are prepared by simply fusing the two metals in a 
covered crucible ; but if there be a considerable difiPerence in the specific 
gravity of the metals, the heavier will often subside, and the lower part 
of the bar or ingot will difier in composition from the upper ; this may 
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be to a great extent by agitating the alloy till it solidifies. 

Mr. Hatchett found that when an alloy of gold aiid copper was cast into 
bars, the moulds being placed perpendicularly, the upper part of the 
bar contained more copper than the lower (Phil. Trans. 1803) ; and 
although copper and stiver appear readily to combine, it is extremely 
difficult to form a bar of their alloy, of perfectly uniform composition 
throughout. 

Where one of the metals is very volatile, it should generally be 
added to the other after its fusion ; and if both metals be volatile, they 
may he sometimes united by distilling them together. 

It has been a question whether alloys are to be considered as com- 
pounds, or as mere mixtures ; but, in many cases, their properties leave 
Uttle doubt of their being real compounds, and in some cases they are 
found to unite in definite proportions only ; and it is not improbable that 
all the alloys contain definite compounds of the metals. It is observed 
by Berzelius, that the acidifiable metals have the greatest tendency to 
combine with those which produce salifiable bases, and that arsenic, 
antimony, and tellurium, form definite compounds analogous to sulphu- 
rets and phosphurets, which are not uncommon as ores. Among the 
artificial, as well as the natural alloys, there are many which are crystal- 
lizable, and the true compound may sometimes be separated from the 
mere mixture of the metal by its tendency to crystallize. 

The principal characters of the alloys are the following: — ^i. We 
observe a change in the ductility, malleability, hardness, and colour. 
Malleability and ductility are usually impaired, and often in a remarkable 
degree : thus gold and lead, and gold oiid tin, form a brittle alloy. The 
alloy of copper and gold is harder than either of its component parts ; 
and a minute quantity of arsenic added to copper renders it white. — 
ii. The specific gravity of an alloy is rarely the mean of its component 
parts, in some cases an increase, in others a diminution of density having 
taken place, as shown by the following Table from Thenard. — Tra%t6 de 
Chimie^ vol. i., p. 394. 


Alloys possessed of sreater specidc gravity 
than the neaQ of their components. 


Alloys having u specific gravity inferior to 
the mean of their components. 


Gold and Zinc. 

„ Tin. 

„ Bismutli. 

,, Antimony. 

„ C^alt. 

Silver and Zinc. 

„ Lead. 

„ Tin. 

„ Bismuth. 

„ Antimony.' 
Copper a id Zinc. 

„ Tin. 

,, Palladium. 

„ Bismuth. 

„ Antimony. 

Lead and Bismuth. 

„ intimony. 
Platinuir ind Molybdenum. 
Palladim and Bismuth. 


Gold and Silver. 

„ Iron. 

„ Lead. 

„ Copper. 

„ Iridium. 

„ Nickel. 
Silver and Copper. 
Copper and Lead. 
Iron and Bismutli. 

„ Antimony. 
,, Lead. 

Tin and Lead. 

„ Palladium. 
„ Antimony. 
Nickel and Arsenic. 
Zinc and Antimony. 
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iii The fasibility of an alloy is generally greater than that of its com- 
ponents. Thus platinum, which is infusible in our common furnaces, 
forms, when combined with apsenic, a very fusible alloy ; and an alloy of 
certain proportions of lead, tin, and bismuth, is fusible at 212^, a temper- 
ature many degrees below the melting-point of its most fusible 
constituent. 

iy. Alloys are generally more oxidizable than their constituents, taken 
singly ; a property which is, perhaps, partly referable to the formation of 
on electrical combination. Where an alloy consists of two metals, the 
one easily and the other difficultly oxidizable, it may be decomposed by 
exposing it to the action of heat and air, the former metal being con- 
verted into an oxide; its last proportions, however, are often not easily 
separated, being protected by combination with the least oxidizable metal. 
An alloy of three parts of lead and one of tin is infinitely more oxidizable 
than either of its components, and easily burns at a dull-red heat. 

y. The action of acids on alloys may generally be anticipated by a 
knowledge of their effects upon the constituent metals ; but if a soluble 
metal be alloyed with an insoluble one, the former is often protected by 
the latter from the action of an acid. Thus, silver alloyed with a large 
quantity of gold, resists the action of nitric acid in consequence of the 
insolubility of the latter metal in that acid; and, in order to render it 
soluble, it is requisite that it should be made to form about a fourth part 
of the alloy, in which case the nitric acid extracts it, and leaves the gold 
in an insoluble film or powder. 

In other cases a metal insoluble, or nearly so, in certain acids, per se^ 
is taken up in considerable quantity when alloyed ; thus, platinum is 
insoluble in nitric acid, but its alloy with silver is to a certain extent 
soluble; and when a triple alloy of gold and silver with a little platinum 
is rolled out and digested in nitric acid, both the silver and the platinum 
are taken up. Rhodium is insoluble in acids, but, when alloyed with 
copper or le^, the nitromuriatic acid dissolves it. 

Various classifications of the metals have been adopted by chemical 
authors*, some dependent upon their physical^ others upon their chemical 
properties. The former can scarcely be considered as adapted to chemical 


* Berzelius divides the metals into two 
leading classes : 1. Bases of the alkalis 
and earths ; 2. Bases of the oxides and 
acids. The former ore distinguished by 
their low specific gravity, being either 
lighter, or but little heavier than water, 
and they are so easily oxidized as to de- 
compose water at common temperatures : 
in this list he includes Kalium (Potas- 
sium,) Natrium (Sodium,) Lithium, Am- 
monium,(the hypothetical base of ammo- 
nia,) Barium, Strontium, Calcium, Mag- 
nium (Magnesium,) Alumium, Beryllium 
(Glucinum,) Yttrium^ and Zirconium. 

The second class he sabdivides into, 1. 

Mectronegative metals; that is, such as 
in combination with oxygen have a 
grater tendency to form acids, than 
omdcs or salifiable bases: these are. 


Selenium ? Arsenic, Chromium, Moly- 
bdenum, Wolframium (Tungsten,) Anti- 
mony, TeUurium, Tantalium (Colum- 
bium,) Titanium, Osmium, and Gold. 
2. Electropositive metals, or such as in 
combination with oxygen especially pro- 
duce salifiable bases: these are Plati- 
num, Iridium, Rhodium, Palladium, 
Silver, Mercury, tJranium, Copper, Bis- 
muth, Tin, Lead, Cadmium, Zinc, Nickel, 
Cobalt, Iron, Manganese, Cerium. The 
metals of the two last divisions are all 
more than four times heavier than water, 
very few of them are oxidized at com- 
mon temperatures either by air or water, 
and their oxides ore reduced by char- 
coal at high temperatures, and by potas- 
sium, at a moderate heat. 
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inquiry, and the latter involye numerous difficulties in consequence of the 
gradual transition of metals of one class into those of anotW. I shall 
consider the metals in the order in which they are set down in the follow- 
ing table, and which is nearly that of their respective attractions for 
oxygen, with the exception of the last division, which includes substances 
in part imperfectly examined, and from which^ as already remarked, sili- 
cium ought probably to be excluded. 


I. 

1 Potassium 

2 Sodium 

3 Lithium 

4 Calcium 

5 Barium 

6 Strontium 

7 Magnesium 


. II. 

* 8 Manganese 
9 Iron 
‘ 10 Zino 
11 Tin 

• 12 Cadmium 

13 Cobalt 

14 Nickd 


III. 

15 Copper 

16 Le^ 

17 Antimony 

18 Bismuth 

19 Uranium 

20 Titanium 

21 Cerium 

22 Tellurium 


IV. V. VI. 

23 Arsenic 29 Mercury 37 Glucium 

24 Molybdenum 30 Silver 38 Zirconium 

25 Cliromium 31 Gold 39 Yttrium 

26 Vanadium 32 Platinum 40 Thorium 

27 Tungsten 33 Palladium 41 Alumium 

28 Columbium 34 Rhodium 42 Silicium 

35 Osmium 

36 Iridium 


§ I. POTASSIUM. 


Potassium (or Kalium of the German cheniists) was discovered in 1807 
by Sir Humphry Davy (JPhiL Trans.^ 1808.) lie obtained it by submit- 
ting hydrate of potassa, or caustic potash, to the decomposing action of 
Voltaic electricity: the metal was slowly evolved at the negative pole. 
By this process, however, it could only be procured in very minute 
quantities ; and various other methods have been devised. The follow- 
ing is that described by Gay Lussac and Thenard (Jlecherches Physico- 


chymiques.) 

A sound and per- 
fectly clean gun- 
barrel is bent, as 
shown in the an- 
nexed sketch (fig. 
226). It is then co- 
vered with an infu- 
sible lute between 
the letters o and s, 
and the interior of 
the luted part is fill- 
ed with clean iron- 
turnings* Pieces of 
fused potassa are 
then loosely placed 
in the barrel be- 
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tween e and c. a a is a copper tube and small receiver, which are 
adapted to the extremity o, and to each other, by grinding. This appa- 
ratus is next transferred to the furnace, arranged as shown in fig. 227 i 
X and T representing two glass tubes dipping into mercury. The funiace 
is supplied with air by a good double bellows entering at B, and a small 
wire basket, o, is suspended below the space e c. 

The part of the barrel in the^umace is now cautiously raised to a 
white heat, and the escape of airoy the tube x shows that all is tight. 
Some burning charcoal is then put at the end e, of the cage o, which 
causes a portion of potassa to liquefy and fall into the low part of the 
barrel upon the iron. Hydrogen gas instantly escapes by the tube x, and 
attention must now be had to keep the copper tubes a a^cooI, by laying 
wet cloths upon them. When the evolution of gas ceases, fresh charcoal 
is placed under the potassa, and so on till the whole has passed down; if 
too much potassa be suffered to fall at once, the extrication of gas at x 
will be very violent, which should be avoided. If the spa^e between a 
and o should become stopped by potassium, gas will issue by the tube t 
(,which must always be under a greater pressure of quicksilver than the 
tube X,) and the potassium must be cautiously fused by applying hot 
charcofiJ to the copper tube, when the gas will again appear at x and cease 
at T. When the operation is concluded, the tubes x and t are removed, 
and corks quickly applied to the holes ; and when the apparatus is cool, 
the barrel is carefidly removed from the furnace, and a little naphtha 
suffered to run through it. The potassium is found in globules in the 
tube and receiver a a, and considerable portions often lodge at o. The 
success of this operation is certain, if the heat has been sufficient : but 
the barrel, if not very carefully covered with lute, is apt to melt, and 
much, if not the whole, of the product is lost. 

Besides the above, there are other methods of obtaining potassium. 
M. Brunner {Quarterly Journal^ xv. 379), employs a spheroidal wrought- 
iron bottle, of a' capacity between a pint and a quart, and a 
piece of gun-barrel of the annexed shape is fitted to its neck by 
grinding at the end a. When this bottle is charged and well 
luted it is placed in a proper furnace, nearly perpendicularly, 
and so that the greater part of the tube may be exposed 
to heat (it being protected by coils of iron- wire rolled round 
it,) while the end b projects, and has attached to it a 
copper Receiver with a small safety-tube. This receiver, when in use, 
is about half filled with naphtha, and kept cold by ice or cold water. 
The bottle is chaiged with four ounces of fused caustic potassa, intro- 
duced, in small portions, alternately, with 6 ounces of clean iron- 
turnings broken in a mortar, and 1 ounce of powdered charcoal ; and 
this mixture is covered by 2 ounces more of iron-turnings : it is then 
placed in the furnace, and a glass tube inserted into the protruding 
barrel at b. As soon as the whole acquires a bright red-heat, inflam- 
mable gas is evolved, which bums with a violet flame, and shortly after 
the green vapour p| potassium is seen in the glass tube, which is then 
removed, dnd^^i^ copper receiver substituted, so that the end B may 
dip into th^n&i^tha. When the evolution of gas ceases, the fire is 
extinguished, and the receiver carefully removed. A very successful 
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result furnished 150 grains of potassium^ in small globular masses. In 
another experiment the mixture in the retort consisted of 8 ounces of 
pure and fused carbonate of potassa, 6 of iron-turnings, finely bruised, 
and 2 of charcoal: from these, 140 grains of potassium were obtained. 
Calcined tartar was also sometimes employed instead of other forms of 
poUissa. 

The theory of these operations is ^ no means clearly understood in 
its minute details. When pure hydmte of potassa is employed in the 
gun-barrel experiment, more than a fourth of its weight of potassium is 
never obtained; the remainder is chiefly found partly undecomposed and 
partly in combination with the produced oxide of iron, forming a hard 
brittle compound, difficultly acted on by water. The evolution of potas- 
sium is evidently dependent upon the attraction of the iron at a high heat 
for oxygen ; the water of the potassa is at the same time decomposed, 
and possibly the nascent hydrogen may perform its part in the reduction: 
the readiness with which pot^sium assumes the elastic state at high 
temperatures also contributes to its evolution; yet, when the exceedingly 
powerful attraction of potassium for oxygen is considered, the process is, 
as to its theory, obscure. 

Obtained by the aid of charcoal, potassium generally contains a little 
carbon, which may be separated by redistilling it in a small iron or even 
glass retort, with its beak dipped into naphtha, but this is a troublesome 
process, and generally attended by some loss of the metal. 

Wohler has described a modification of the potassium apparatus, and 
a peculiar receiver for its condensation, contrived by Berzelius, of which 
a description will be found }ji the twenty-second volume of the Quarterly 
Journal^ p. 206. He employs carbonate of potassa produced by calcining 
tartar, and uses charcoal as the reducing agent. In all these arrange- 
ments it is a point of importance to have &e tubes, through which the 
metal passes into the naphtha, as short as possible, and of a sufficient 
diameter, otherwise they are apt to become* plugged up*. 

Potassium is a white metal of great lustre. It instantly tarnishes by 


* During the distillation of potassium 
from a mixture of carbonate of potassa 
and charcoal, a gray compound distils 
over, which, by the action of water, yields 
a yellow solution, from which crystals 
may be obtained by evaporation : these 
consist of potassa in combination with a 
peculiar acid, which from the yellow 
colour of its salts has been called croconio 
acid. To obtain this acid the purified 
crystals of croconate of potassa are 
powdered and put into absolute alcohol, 
to which sulphuric acid (sp. gr, 1,78) is 
carefully added, so as bai^y to saturate 
the alk^. The yellow alcoholic solu- 
tion is then pour^ off the precipitated 
sulphate of potassa, and the ci-oconic 
acid obtained by evaporation. It is 

soluble in water, and yields pi*ismatic 
crystals of a yellow colour, astringent 


taste, and which redden litmus : it is not 
decomposed at a heat of 212°, but at 
high temperatures it deposits pure chor- 
co^ Gmelin considera this add as a 
compound of 5 atoms of carbon and 4 of 
oxygen, with apparently a small propor- 
tion of hydrogen, which, however, is 
less than 1 atom. 

Anhydrous croconate qf potassa is 
yellow and opaque: its crystals are 
orange-coloured prisms, tnuuqNirent, 
inodorous, tasting like saltpetre; mode- 
rately soluble in cold, and very soluble 
in hot water, and insoluble in absolute 
alcohol: heated nearly to redness the 
salt suddenly glows thimughout, rapidly 
evolving carbonic add with a little car* 
bonid oxide, and leaving a residue of 

carbonate of potassa and charcoal. 
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exposure to air, and is gradually conyerted into an oxide. ^ At 55^ it is 
mdleable, and of the consistency of wax. Its specific gravity is about 
0.865. It is most conveniently preserved in naphtha, either by im- 
mersing it in that liquid, or by dipping the pieces of metal into it, and 
keeping them thus varnished, in a si^l well-stopped phial. When 
used, the exterior must be wiped with blotting-paper, or scraped ; or the 
naphtha may be driven off by a gentle heat. At 150^ it enters into per- 
fect fusion; and at a bright red heat, in close vessels, it boils, and rises 
in green vapour. At 32^ it is a hard and brittle solid, of a crystallized 
texture. If heated in air, it bums with a brilliant purple flame. It is 
an excellent conductor of electricity and of heat, and its lustre is well 
shown by fusing it under naphtha upon a piece of crown-glass, to which 
it will adhere, and through which it is seen as brilliwt as mercury. 

Potassium and Oxygen. The attraction of potassium for oxygen, 
under most circumstances, exceeds that of all other bodies; it is, con- 
sequently, the most powerful deoxidizing agent which we possess. It 
forms two definite compounds with oxygen, which we may call the 
protoxide and peroxide; Berzelius admits a suboxide^ but it is probably 
a mixture of potassium with the protoxide. When potassium is thrown 
upon water it takes fire, hydrogen gas is evolved, and a solution of 
protoxide of potassium^ or potassa^ is formed. When plunged under water, 
the potassium decomposes it with explosive violence, but without igni- 
tion, and the volume of the hydrogen evolved may be assumed as the 
equivalent or indicator of the proportion of oxygen transferred to the 
metal ; 100 parts of potassium are thus found to absorb 20 of oxygen; 
and if this be considered a protoxide, then 20 : 100 ; : 8 ; 40,— so that 
40 will be the number representing potassium ; and the protoxide^ in its 
dry or anhydrous state (jO+O) or P, consists of 





Berzelius. 

Davy. 

Gay Lussac 
and Thenard. 

Potassium 1 

.. 40 

.. 83.34 

. . 83.05 

. . 85 

. . 83.371 

Oxygen 1 

8 

. . 16.66 

. . 16.95 

.. 15 

. . 16.629 

1 

48 

100.00 

100.00 

100 

100.000 


The equivalent of potassium, deduced from the analysis of the 
chloride of potassium by Berzelius, is 39.15; he also states that 100 of 
potassium combine with 20.412 of oxygen; so that upon these data, the 
equivalent of potassium would be between 39 and 40. 

Potassa, in the state it is usually met with in laboratories, contains a 
considerable portion of water, as is^endered manifest by the action of 
iron at high temperatures; and there always remains in the gun-barrel, 
after the above-described experiment, a portion of dry potassa combined 
with oxide of iron. To obtain diy potassa, or anhydrous protoxide of 
potassium in its pure state, the metal may be exposed, at common 
temperatures, to the action of perfectly dry air or oxygen; or 1 part of 
potassium may be fused with 1.4 of the hydrated protoxide. It is a 
gray substance, iiisible at a red heat, and volatile at a white heat. It 
combines very energetically with water to produce a hydrate^ and what 
is commonly called caustic or pure potassa, is, in fact, this hydrate, 
composed of . 
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Potassa 1 . . 48 • • 84.2 . . 84 

liVater 1 . • 9 . • 16.8 . . 16 

I . 67 iioM TocT 

Hydrated Protoxide of Potassium, or Caustic Potassa (P+^), 
is procured in our laboratories by decomposing carbonate of potassa by 
lime. The best process consists in boiling in a clean iron vessel, pure 
carbonate of potassa, with half its weight of pure quick-lime, in water. 
The lime is gradually added to the boiling dkaline solution, which is 
kept constantly stirred, and towards the end of the operation it is tested, 
by filtering a small portion, and pouring it into three or four times its 
bulk of dilute nitric acid: if there be no* effervescence, sufficient lime 
has been used; but if carb^onic-acid escapes, the ebullition with lime 
must be continued until the tested portion shows no signs of carbonic 
acid. The whole is then allowed to remain quiet, that the lime may 
subside; and the clear liquor or ley being poured off, is strained through 
clean linen, concentrated by evaporation, again strained, and set by in a 
well-stopped bottle till it admits of being decanted, perfectly clear from 
any sediment. The clear solution is to be evaporated to diyness, in a 
polished iron or pure silver basin. It is often cast into sticks for the use 
of surgeons, who employ it as a caustic, and in this state it generally 
contains some peroxide, and therefore evolves oxygen when dissolved in 
water. It is the potassa fum of the London Pharmacopceia, It may be 
further purified by the action of alcohol, which dissolves the pure hydrate, 
and leaves earthy and other impurities: the alcohol is then driven off by 
heat. In this case the alcohol is always, in some measure, acted upon 
by the potassa, and a portion of carbonaceous matter deposited, so that 
it should be allowed to remain as short a time as possible combined with 
the alkali. Having obtained the dry caustic alkali by lime, it may be 
boiled in a silver basin with highly-rectified alcohol for a few minutes, 
and then set by in a stopped phial ; whefi the impurities are deposited, 
the alcoholic solution may be poured off and rapiffiy evaporated to dry- 
ness in a silver basin; or if the quantity of alcohol be considerable, it 
may be distilled off in a silver alembic with a glass head : the heat may 
then be raised so as to fuse the potassa, which, on cooling, should be 
broken up and preserved in well-closed phials. 

Hydrate op Potassa, thus purified, is white, very acrid and corro- 
sive, and at a bright-red heat evaporates in the form of white acrid 
smoke. At a white heat it is decomposed by charcoal, and carburetted 
hydrogen, carbonic oxide, and potassium are formed. It quickly absorbs 
moisture and carbonic acid from the air, and at 60^ one part of water 
dissolves two. It may be crystallized in octoedrons, by keeping a strong 
aqueous solution of it for some time in a stopped phial. The ciystals 
contain much water of crystallization, but the exact quantity has not 
been ascertained. It is highly alkaline, powerfully reddening turmeric, 
and converting several vegetable blues to green: it also acts energetically 
upon the greater number of organic products, and unites with the &t oUs 
to form soap, hence the term soap4ye. Being exclusively procured from 
vegetables, it was formerly called vegetable alkali ; but it tdso exists in 
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certain minerals*, and in a few animal secretions. When touched with 
moist fingers it has a soapy feel, in consequence of its action upon the 
cuticle. In the fused state it produces heat when dissolved in water; but 
in its ciystallized state it excites considerable cold, especially when mixed 
with snow. a natural temperature of 30^, M. Lowitz found that 
equal weights of crystallized potassa and snow depressed the thermo- 
meter 45^. {Ann. de Chim.^ xxii.) It dissolves sulphur and^ several 
sulphurets, and alumina and silica. The oxides of manganese, zinc, tin, 
lead) antimony, cobalt, arsenic, molybdenum, tungsten, and nickel, arc 
also soluble in aqueous solution of potassa. 

The Liquor Potasrs of the Pharmacopceia is directed to be pre- 
pared as follows:— Take of subcarbonate (carbonate) of potassa a 
pound ; fresh lime, half a pound ; boiling distilled water, a gallon. Dis- 
solve the subcarbonate in two pints of th% water; add the remaining 
water to the lime; mix the hot liquors together; then set the mixture 
by in a covered vessel, and after it has cooled, filter the solution through 
a cotton strainer. If efifervescence be excited by dropping any diluted 
acid into the solution, more lime must be added, and the solution again 
strained. A pint of this solution ought to weigh 16 
ounces troy.” Its specific gravity in that case is 1.056t. 

Whilst the solution of potassa is filtering, it is apt to 
absorb a little carbonic acid from the air, which may be 
prevented, upon the small scale, by covering the funnel 
with a plate of glass, and receiving it into a bottle as 
nearly air-tight as possible; or the annexed filtering- 
apparatus, fig. 229, contrived by Mr. Donovan {Annals 
qf Philosophy^ xxvi., 115,) ipay be used. It consists of 
two glass vessels connected by a tube, made air-tight by 
perforated corks at the junctions a and b. The upper 
vessel terminates in a conical pipe, ground into the 
lower one, and into which is stuffed a piece of coarse 
linen. • 

In all cases where solutions of potassa are employed, 
it must be recollected that they gradually act upon 
glass, especially upon common white glass; hence 
green glass vessels are preferable: but where alkaline 
solutions are to be exposed to heat, even these com- 
municate some impurity, and in such cases vessels of 
pure silver can only be relied upon. 

* Fuchs says that it may be economi- acid cause an efiervescence when dropped 
caUy obtained from certain varieties of into it, it indicates oarhmio add; if a 
felspar: for this purpose they are cal- gelatinous precipitate, not soluble in 
cined with l|me, then left for some time very slight excess of add, it is sHioa ; if 
in contact ^th water, and the liquor soluble, it is alumina. Ihe presence of 
filtered and evaporated. He says he has lime is shown by adding oxi^te of am- 
thus procured 19 per cent, from felspar monia to the solution previoudy heu- 
and 16 from mica. tralized by nitric add: in the same 

t The solution of caustic potassa is solution, nitrate of silver wHl indicate 
frequently impure from the presence of muriatic acid or chlorine^ and nitrate of 
carbonic acid, silica, alumina, lime, and baryta, sulphuric add. 
sulphuric or muriatic add. If nitric 
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It may sometimes be useful to know the quantity of real potassa 
contained in watery solutions of different specific gravities; the fol- 
lowing are the results of Mr. Dalton’s experiments, m reference to this 


question: — 

Specific 

CTravit^ 

Potassa 

Boiling 

Specific 

Potassl^ 

Boiling 

per Cent. 

Point 

Gravity, 

per Cent 

Point 

' 1.68 ... 

51.2 . . . 

329“ 

1.33 

... 26.3 ... 

229“ 

1.60 ... 

46.7 . . . 

290 

1.28 

. . . 23.4 . . . 

224 

1.52 . . . 

42.9 . . . 

276 

1.23 

. » * 19.5 ... 

220 

1.47 . . . 

39.6 • . . 

265 

1.19 

* • . 16.2 ... 

218 

1.44 . . . 

36.8 . . . 

255 

1.15 

. . . ^ 13. ... 

215 

1.42 . . . 

34.4 . . . 

246 

1.11 

... * 9.5 

214 

1.39 . . . 

32.4 . . . 

240 

1.06 

• . . 4.7 • . « 

213 

1.36 . . . 

29.4 ... 

234 





Peroxide op Potassium. (p+sO.) When potassium is burned in 
a silver spoon in oxygen gas, a yellow fusible substance is obtained, 
which, on cooling, acquires a scaly crystalline appearance. It consists, 
according to Gay Lussac and Thenard, of 

Clay Liusac 
and Tlien'tid. 

^ Potassium 1 ... 40 ... 62.4 ... 66 

Oxygen 3 ... 24 ... 37.6 ... 35 

r ^ loo.o ioo 

This substance has some singular properties ; it supports the com- 
bustion of most of the inflammables, and when heated in hydrogen gas, 
diminishes its bulk and forms water: it decomposes ammonia under the 
same circumstances. When put into water, a copious effervescence 
ensues, arising from the escape of oxygen gas, and a solution of potassa 
is obtained. When hydrate of potassa is fused in an open crucible, a 
portion of its water is disengaged, and oxygen absorbed, so as to form 
this peroxide ; and hence it is, that common caustic potassa almost 
always effervesces, and gives out oxygen' upon the affusion of water. 
When potassium is dropped into melted nitre, the peroxide is also 
formed ; likewise by passing oxygen over potassa heated to redness. 

Potassium and CnLouiNE act very energetically on each other, the 
metal taking fire and burning brilliantly in the gas, especially if intro- 
duced into it in the state of fusion, as, otherwise, a crust of chloride is 
apt to form upon it and protect the interior from further action. They 
produce the white compound which has been called muriate of potaahy 
but which is a true chloride of potassium (j90+^) consisting of 


Potassium 

1 

• • • 

40 

52.6 


Uie. 

53 

Chlorine 

1 

• • • 

36 .... 

47.4 

. • . 

47 


1 


76 

100.0 


100 


When potasuum is heated in gaseous muriatic acid, this compound 
is formed, and hydrogen is evolved ; an experiment already adverted to 
under the article Muriatic Acid (p. 36L) It is also formed by dissolving 
potassa or its carbonate in muriatic acid, and evaporating to ^yness. It 
dissolves in three parts of water at 60% or, accor^g tb Gay Lussac, 100 
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parts of water at 32° dissolve 29ii3, and for every 1.8° above 32, the water 
takes up 0^2738 more of the salt. One part of the powdered salt stirred 
into four parts of cold water produces a depression of temperature of 
between 20 and 26°, whereas common salt under th^ same circumstances 
only depresses the thermometer between 2° or 3°. It crystallizes in 
cubes, which are anhydrous; its taste is saline and bitter. In old 
pharmacy it was called digestive salt of Sylvius ; also, regenerated sea~ 
salt. It is soluble in alcohol. When intensely heated in open vessels, 
it evaporates in the form of white smoke. This salt is a residue of 
several chemical and pharmaceutical processes, and is sometimes found 
in considerable quantities in rough salt-petre, where it is often mistaken 
for common salt: the manufacturers of alum occasionally employ it as 
the source of potassa in th at salt. 

Ohlorate op Potassa (p+0) + (C+ sO) or (P+chl') is formed by 
passing chlorine through a solution of potassa. Chloride of potassium 
is one of the results, the other is chlorate of potassa^ a salt in brilliant 
rhomboidal tables (formerly called oxymuriate of potashy Its crystalline 
forms have been described by Mi. Levy {Quarterly Journal^ xv. 286), 
and by Mr. Brooke (Ann. PhiL^ v. 461). 

This salt is prepared, upon the large scale, by charging one or two 
Woulfe’s bottles with solution of carbonate of potassa, and passing 
chlorine slowly through it, at the lowest convenient temperature : the 
gas is absorbed, and the liquor effervesces, chiefly from the escape of 
carbonic acid ; when this has ceased, the liquor may be put aside in a 
cold dark place for about 24 hours, when it will be found to have 
deposited a considerable portion of the crystallized chlorate, which may 
be taken out, drained, and purified by solution in hot water, which, 
during cooling, again deposits the salt in white crystalline scales. The 
mother-liquor, from which more of the salt may be obtained by evapo- 
ration, is generally of a pinkish tint, from the presence of a trace of 
manganese; but this tint disappears when sufficiency of chlorine has 
been passed in to saturate it, and it acquires a brownish hue*. Solution 
of pure potassa absorbs the gas more readily than the carbonate, but 
nearly with the same phenomena, and in either case care must be taken 
that the tube conveying the chlorine does not become stopped up by the 
salt, which is apt to happen if it be not sufficiently rapacious. To 
understand the theory of this process we must recollect that chloric acid 
is a compound of one proportional of chlorine and five of oxygen, and 
that chloride of potassium consists of one proportional of chlorine and 
one of potassium, and that potassa contains one proportional of oxygen 
and one of potassium: it follows, then, that five proportionals of chlorine 
acting upon [five of potassa will* expel five of oxygen, which, uniting 
with one of chlorine, will form one proportional of chloric acid, and this 
uniting to a proportional of the undecomposed potassa will form chlorate 
of potassa, as shown in the following diagram 

* In this procesf^ the carbonic acid is in a solution of carbonated alkali, form- 
expelled when excess of chlorine is ing a very peculiar compound. See 
passed into the solution : by particular Carbonate of Soda, 
management dilorine may be retained 
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1 Chlorate of Potana 


1 Chloric Arid -f> 1 PotaMsa. 


Oxygen' 


+Chloi 


iorine 


5 propor* 
tionaw of 
Potassa. 


5Po. 


Chlorine] 


6 propor« 
tionals of 
Chlorine. 


taesium 


5 Chloride of Potassium. 


It appears, therefore, that five pro« 
portionals of potassa will require six 
of chlorine to be consumed in the for- 
mation of fire proportionals of chloride 
of potassium, and one proportional of 
chloric acid. The elements of the 
water are not concerned in the forma- 
tion of these products, but that fiuid 
performs the important office of ena- 
bling the different elements to act upon each other in their nascent states. 

The taste of this salt is cooling and austere. When pure, its aqueous 
solution is not rendered turbid by nitrate of silver. When triturated, it 
appears phosphorescent. It is anhydrous. AVlien exposed to a dull-red 
heat it decrepitates, fuses, gives out nearly 40 per cent, of its weight of 
oxygen, and chloride of potassium remains. It is soluble in 18 parts of 
cold and 2.5 of boiling water; or, according to Gay Lussac, 100 parts of 
water at 32^ dissolve 3.5 parts, at 59^ 6 parts, at 95^ 12 parts, at 120° 
19 parts, and at 216°, which is the boiling-point of the saturated solution, 
60 parts. It acts very energetically upon many infiammables, and 
triturated with sulphur, phosphorus, and charcoal, produces inflammation 
and explosion. A mixture of three parts of this chlorate with one of 
sulphur, detonates loudly when struck upon an anvil with a hammer, 
and even sometimes explodes spontaneously; hence it should not be 
kept ready mixed. Chlorate of potassa was proposed by Berthollet as a 
substitute jj^r nitre in gunpowder. The attempt was made at Essone in 
1788: but,\s might have been expected, no sooner was the mixture of 
the chlorate with the sulphur and charcoal submitted to trituration, than 
it exploded with violence, and proved fatal to several people. With 
phosphorus the detonation is dangerously violent. The experiment is 
best made, by wrapping a grain of phosphorus and two of the chlorate 
in a small piece of paper, and striking them a blow' with a hammer, 
upon an anvil. The phosphorus is generally thrown about in an inflamed 
state. These phenomena depend upon the decomposition of the chloric 
acid. 

The action*of sulphuric acid upon chlorate of potassa has already been 
adverted to. (See Oxides of Chlorine^ p. 3370 instead of distilling 
the yellow mixture of the acid and chlorate with the caution there 
described, it be heated to about 150°, it suddenly explodes. The theory 
of the production of chloric oxide is more explicitly described in the next 
article. 

When sulphuric acid is dropped upon mixtures of this salt and com- 
bustibles, instant ignition ensues in consequence of the evolution of oxide 
of chlorine. A mixture of sugar and the chlorate thus treated, is imme- 
diately kindled, with a red and blue flame; and a mixture of sulphuret of 
antimony and the salt, suddenly deflagrates with a bright puff of flame 
and smoke: the latter mixture requires to be cautiously made, as it often 
takes fire by mere trituration. , Matches tipped with some of these inflam- 
mable mixtures, and called LuciferSy are now in common use, and are 
inflamed either by fiiction or by the contact of sulphuric a^, which is 
most conveniently applied by putting some asbestus into a smdl well- 
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stopped pbial, and moistening it with sulphuric acid; the match is rapidly 
dipped into the phial and inflames on touching the asbestus, without the 
risk of spirting about the acil. Some of the matches which inflame by a 
pinch or blow, contain a portion of n drop of sulphuric acid hermetically**^ 
sealed in a piece of very small and thin glass tube, and which escapes 
when broken, and acts upon the inflammable mixture. Berzelius gives 
the following as the best composition for the match: 30 parts of powdered 
chlorate of potassa, 10 of powdered sulphur, 8 of sugar, 5 of gum-arabic, 
and a little cinnabar. The sugar, gum, and salt, are first rubbed together 
into a paste with a sufficiency of water; the sulphur is then added, and 
the whole being thoroughly beaten together, small brimstone matches are 
dipped in, so as to retain a thin coat of the mixture upon their sulphu- 
retted points: they should be quite dry before they are used. One of the 
compounds occasionally employed in percussion gundocks is a similar 
composition: 10 parts of gunpowder are rubbed with water, and the 
soluble part poured off ; the remaining paste is then mixed with 5^ parts 
of finely-powdered chlorate of potassa, and a drop of it put into each of 
the small copper caps adapted to the peculiar tubular touch-hole of the 
gun; a blow being struck upon the cap the powder is inflamed, and 
communicates to that in the barrel. The great disadvantage of this 
compound is, that it forms products which soon rust the touch-hole and 
surrounding parts: fulminating mercury is, therefore, now generally* 
substituted. 

When sulphuric or nitric acids are poured upon mixtures of chlorate 
of potassa and certain combustibles under water, by means of a long 
funnel, inflammation also ensues. Iii this way a beautiful experiment 
may be made with phosphorus, a few small pieces of which are put at 
the bottom of a tall glass of water, and a little of the chlorate 'thrown in 
upon it; sulphuric acid is then carefully introduced into the contact of 
the salt by a funnel, with a tube long enough to reach it; the phosphorus 
presently inflames and bums vividly in different parts of the fluid, fomiing 
a kind of well of fire A few grains of this salt put into a teaspbonful 
of muriatic acid, and then diluted with water, form an extemporaneous 
bleaching-liquor. 

The ultimate elements of chlorate of potassa are 

Oxygen . . 6 . . 48 . . 38.70 

Chlorine . . 1 . . 38 . . 29.05 

Potassiiim . . 1 40 . . 32.25 

1 124 100.00 

Or it condsts of 

Bpnelitts. 

Potassa 1 48 . . 38.70 . . 38.49 

Chloric acid . I . . 76 . . 61.30 . . 61.61 

124 100.00 100.00 

OxTCHLORATB OR PERCHLORATE OP PoTASSA (j9+0) -KC+ 7 O) Or 
(P+C^O ^7 ^ formed by moistening one part of chlorate of potassa 
with three of sulphuric acid, and subsequently careftrily warming the mass 
till it becomes white, and the oxide of chlorine is expelled : in this state 
it consists of bisulplmte and oxychlorate of potassa, which may be sepa- 
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Chi^ubatr 
OF PofASSA. 


□ 


Peroxide of) 
Chhmne. i 


*• 

I Perchloric 
f Acid. 


rated by solution and crystallization, the former being much more soluble 
in cold water than the latter salt. 

In reference to the iii. ^ 

production of peroxide, of BieulphateofPom ea. 

chlorine and perchloric ^ vl hi. 

acid; as the result of the ®^Acir" ^“*“*“* 

action of sulphuric acid 
upon chlorate of potassa, 

the annexed diagram * potasua. 

may, perhaps, be useful. 

The original substances I 

are printed in capitals, 1 

the components in com- ( ^ 

mon type, and the result- I ] I 

ing compounds in italics; I ^ I 

the volumes of oxygen L——--—--. * ’ 

and of chlorine being 

shown by the usual sym- 

hols of bulks which I „ , 

have elsewhere employed. Peroxide of) o lAvLA/on« 

The Roman numerals de- j -jj— 

note the number of pro- 
portionals presumed to 

be-employed. o. o. o. 

Thus it appears that 

six proportion's of sul- » — ^ ^ — — L-.. 

phuric acid acting upon 
three of chlorate of po- 

tassa form three of bisulphate of potassa, and detach three of chloric acid, 
the elements of which arc three of chlorine and fifteen of oxygen: of 
these, two of chlorine and eight of oxygen form two of peroxide of 
chlorine; and the remaining one of chlorine and seven of oxygen form 
perchloric acid. If instead, as in the above diagram, of considering the 
mere formation of perchloric acid, we refer to the formation of perchlorate 
of potassa, we nikist assume that the oxygen is transferred to the chloric 
acid of an undecomposed portion of chlorate of potassa, and so converts 
it into perchlorate. 

• ^ Oxychlorate of potassa does not change vegetable colours, nor is it 
altered by exposure to air. It crystallizes in octoedra. It requires 
rather more than 60 parts of water at 60® for its solution: but is much 
more soluble in boiling water. It is insoluble in alcohol : it detonates 
slightly when rubbed with sulphur. When mixed with its own weight 
of sulphuric acid, and distilled at 280®, solution of oxychloric acid passes 
over. It may be decomposed by exposure to a temperature of 412®. 
Oxygen is given off, equal to 0.45 per cent, of the weight of the salt, and 
chloride of potassium remains in the retort. 

OmeUn states that when a saturated solution of chlorate of potassa is 
exposed to the decomposing agency of Yoltaic electricity, transmitted by 
platinum poles, crystals of oxychlorate of potassa are formed at the positive 
pole, whilst hydrogen is evolved at the negative. 

2 N 
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This salt consists of 

Oxygffli . . 

8 

• • 

64 


46.7 


Chlorine 

1 

• • 

36 

• • 

26.7 


Potassium 

1 

• • 

40 

• • 

28.6 


Or, 

Potassa ] 

1 

48 

140 

34.3 

100.0 

Stadioti 

34.31 

Chloric acid 1 

. . 

92 

• • 

65.7 

. . 

65.69 



140 


100.0 


100.00 


Iodide of Potassium. (j90+Z.) Iodine and potassium act upon 
eadh other very energetically, eyolving heat and light, and a crystalline 
compound is obtained, white and fusible. When hydriodic acid is 
saturated by potassa, and the solution carefully eyaporated, anhydrous 
prismatic crystals of the iodide (or as it is usually called in medicine, 
hydriodate of potassa) are obtained. The readiest mode of procuring 
this compound consists in dissolying iodine in solution of potassa, till it 
begins to assume a brown colour: on eyaporating to dryness, and fusing 
the residuary salt, a pure iodide of potassium remains. If, instead of 
fusing the products, the solution be carefully eyaporated nearly to dryness, 
and alcohol poured upon it, the iodide is dissolyed, and there remains a 
salt insoluble in alcohol, which is iodate of potassa, and which, at a red 
heat, eyolyes oxygen, and becomes iodide of potassium. The action of 
iodine upon the alkali appears in all respects to correspond with that of 
chlorine. Iodide of potassium is also frequently prepared by decomposing 
a solution of iodide of zinc by carbonate of potassa, and filtering off and 
eyaporating . the resulting solution of the iodide. It forms cubic and 
octoedral crystals, which are deliquescent. According to Gay Lussac, 
100 parts of water at 65° dissolye 143 of tliis salt: it is sparingly soluble 
in absolute alcohol, but much more so in alcohol, sp. gr. 850. It is pretty 
largely used in medicine, and as it occurs in commerce is frequently 
mixed with chloride of potassium and sodium, and with sulphate or 
carbonate of potassa. It should be purchased in crystals, which ought 
not to be yery deliquescent, and should perfectly dissolyer in alcohol. 

Iodide of potassium consists of 


Potassium 

1 

40 

. . 24.2 

Gay Lussac. 

23.8 

Iodine . . 

1 

. . 125 

. . 76.8 

76.2 


— 

* 

— 



1 

165 

lOO.O 

100.0 


The aqueous solution of iodide of potassium dissolyes a considerable 
portion of iodine; this solution, under the, name of ioduretted iodide 
of potassium^ is sometimes used in medicine; it is of a deep-brown 
colour. 

Iodate of Potassa, (j9+0) + (Z+ sO) or obtained as just 

described, is a white, difficultly soluble salt, requiring about 14 parts] of 
water at 60° for its solution: at a red heat, it giyes out between 22 and 
23 per cent, of oxygen, and is conyerted into iodide of potassium^ Iodide 
of potassium may also be conyerted info iodate of potassa, by fusing if 
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in a crucible, and projecting upon it ratber less than twice its weight of 
chlorate of potassa: warm water remoyes the chloride of potassium and 
leaves the iodate. • 

This salt is insoluble in alcohol: it forms small and permanent 
prismatic crystals, soluble without decomposition in warm sulphuric acid, 
and detonating with a purple flame when thrown upon hot coals. With 
the addition of potassa, it yields a crystallizable subsalt, the exact com- 
position of which has not been determined; it is very soluble. lo^te 
of potassa consists of 


Potassa 

1 

, , 

48 

22.55 

Iodic acid . 

1 


165 

77.45 


1 


213 

100.00 


Serullas has described a biniodate and a teriodate of potassa. (Ann, de 
Chim, et Phys.y XLiii., 113.) 

Bromide of Potassium, (po + O,) Potassium and bromine act 
intensely upon each other, evolving heat and light, and producing ex- 
plosion. When bromine is dropped into solution of potassa, and the 
mixture evaporated to dryness, a bromide of potassium is also obtained: 
it is white, fusible, and crystallizes in cubes, easily soluble in water, and 
slightly so in alcohol. It consists of 

Potassium . . 1 . . 40 . . 33.9 

Bromine . . 1 . . 78 . . 66.1 

1 118 100.0 

It is prepared for medical use, either by the above process, or by decom- 
posing bromide of zinc by carbonate of potassa, and should be purchased 
in crystals, as it is otherwise apt to be impure. 

When ethereal solution of bromine is agitated with liquid potassa, 
the yellow colour disappears, and bromate of potassa and bromide of 
potassium are the results. The action, therefore, of bromine, is here 
analogous to that of chlori ne and iodine. 

Bromate op Potassa (pO +0) + (6-b sO) or (P-l-6') separates in 
the form of a crystalline powder, when bromine and solution of potassa 
are mixed in sufficient quantities. It scintillates on a hot coal, like nitre, 
and evolving oxygen, becomes bromide of potassium. It is slightly soluble 
in alcohol, readily soluble in water, and crystallizes in needles: mixed 
with sulphur, it detonates by a blow. Its solution occasions a white 
precipitate in nitrate of silver. (Balard, Qjuarterly Journal^ xxii. 389.) 

Potassium and Fluorine. When hydrofluoric acid is saturated with 
potassa, and evaporated to dryness, a deliquescent and very difficultly 
crystallizable compound is obtained, which must be regarded as ekjluaridc 
of potassium, (pO +jf!) It probably consists of 


Potassium 

1 


40 

71.5 

Fluorine « 

1 


18 

28.5 




58 

100.0 


This fluoride bears an intense heat without change. 

Berzelius has described an apparently peculiar compound, obtained 
by dissolving the above fluoride in hydrofluoric acid, and evaporating to 

2 N 2 
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dryness in a platinum vessel: it is crystallizable, readily soluble in water, 
when heated to incipient redness is decomposed, hydrofluoric acid 
being evolved, and fluoiflde of potassium remaining. It appears to 
consist of 

rcraKliiis. 

Fluoride of Potassium . 1 . . 58 • • 75.3 . . 74.9 

Hydrofluoric acid . .1 . • 18 • • ^"1*7 • • 

T 77 100.0 100.0 

Potassium and Hydrogen, When potassium is heated in hydrogen^ 
it absorbs a portion of the gas, and produces a gi"iy infusible hydruret, 
destitute of lustre, and burning vividly w'hen heated in air or oxygen gas. 
When heated, per .ye, it evolves hydrogen; and the same change takes 
place in the contact of mercury. When hydrogen and potassium are 
passed together through a white-hot tube, the gas dissolves the metal, 
and produces a spontane9Usly inflammable ‘potassiuretted hydrogen gas, 
Potassiuretted hydrogen is also produced when potassium is thrown upon 
water, and is the cause of the red flame and white fumes produced during 
its combustion under such circumstances. Both these compounds are 
usually formed during the operation for obtaining potassium hy the gun- 
barrel. 

Nitrate op Potassa; Nitre; Saltpetre, (po +0) + (7l + bO) 
or (P-f 71'.) This salt is an abundant natural product, and is principally 
brought to this country from the East Indies, where it is produced by 
lixiviation from certain soils. 

,The greater part of the rough nitre imported from the East Indies 
is in broken crystals of a brown colour, and more or less deliquescent; 
exclusive of other impurities, it often contains a very considerable prof- 
portion of common salt, which, re-acting upon the nitre, induces the 
production of a portion of nitrate of soda and chloride of potassium. It 
also usually contains sulphate of lime, and often evident traces of organic 
matter. 

In Germany and France it is artificially produced in what are termed 
nitre-beds. Thenard {TraiU de Chimie EUmentaire^ tom. ii., p. 511) " 
has described the French process at length. It consists in lixiviating 
old plaster rubbish, which, when rich in nitre, afibrds about five per cent. 
Eefiise animal and vegetable matter, which has putrefied in contact with 
calcareous soils, produces nitrate of lime, which afibrds nitre by mixture 
with sub-carbonate of potassa. In the same way it is abundantly pro- 
duced in some parts of Spain. Exudations, containing saltpetre, are not 
uncommon upon new walls, where it appears to arise from the decompo- 
sition of animal matter contained in the mortar. It was long ago shown 
by Glauber, that a vault plastered over with a mixture of lime, wood- 
ashes, and cows’ dung, soon becomes covered with efflorescent nitre, and 
that, after some months, the materials yield, on lixiviation, a considerable 
proportion of that salt. 

The loss which rough nitre sustains in refining, is technically termed 
the rrfraction, and can only be ascertained by andysis, which frequently 
is somewhat difficult and intricate: it is, moreover, not easy to get a fair 
sample of a cargo. The samples which the merchants and brokers select 
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for analysis, generally consist of portions drawn from each bag and after- 
wards mixed together, and if carelessly or unfairly taken, or exposed so 
as to become more moist or more dry than the bulk, the report of the 
ai^lyst is often unsatisfactory. He should work upon not less than 25 
to 50 lbs. of such sample, which should be ground or triturated so as to pro- 
duce a properly uniform mixture ^f the whole, for it often includes lumps 
of pure nitre or of common salt ; of this uniform mixture a portion is then 
taken for analysis. The moisture is determined by the loss occasioned 
by drying a given weight on the sand-bath. A portion is then dissolved 
in water and tested, so as to acquire some general notion of the impuri- 
ties^ and, from the effect of nitrate of silver, nitrate of baryta, and oxalate 
of ammonia, the presence of chlorides, sulphuric acid, and lime, is deter- 
mined; the lime is generally in the state of sulphate, and more or less 
sulpliate of potassa is also usually present; the chlorine is chiefly de- 
rived from the chlorides of potassium and sodium. Another portion of 
the sample should be dissolved in about thrice its weight of boiling water, 
and filtered, by which the sand and other insoluble impurities are 
collected ; the salt should then be crystallized in the usual way, during 
which, the appearances and forms of the successive deposits will indicate, 
to the experienced eye, the nature of the foreign salts present; among 
which nitrate of soda, sulphate of potassa, sulphate and nitrate of lime, 
and chloride of sodium taiid potassium, with traces of chloride of calcium, 
and sometimes of a peculiar organic matter, are frequently found. It 
will be obvious that the accurate quantitative analysis of such a mixture 
of salts is not a very easy problem, and yet, the separation of nitrate of 
soda from nitrate of potassa, and of chloride of potassium from chloride 
of sodium, are essential steps, inasmuch as the value of the sample is 
materially affected by their relative proportions ; for nitrate of soda, to 
say nothing of its unfitness for the manufacture of gunpowder, is cheaper 
than nitrate of potassa ; and chloride of sodium is of no value, whilst 
chloride of potassium is purchased by the alum-makers ; so that a sample 
of nitre, cotaining the latter salt, is in this respect worth more than where 
it only contiiins common salt. But inasmuch as the equivalent of chloride 
of sodium is only 60, and that of chloride of potassium 7^5 it is obvious 
that if the whole of the chlorine, as indicated by the weight of the chloride 
of silver, be considered as in combination with sodium (part of the 
sample consisting of chloride of potassium), the refraction will be esti- 
mated below the mark. Hence the necessity of ascertaining the relative 
proportions of both chorides, which can only be effected by converting 
them into sulphates, and separating them by crystallization. When the 
common process for refining nitre is conducted as follows, it may be made 
subservient to the more accurate analysis. 

Purification op Nitre. A given quantity of the rough salt (say 7 lbs.) 
is accurately weighed, and then dissolved by heat in three or four parts of 
water ; when boiling, the scum is removed until no more rises, and then 
the solution is allowed to settle for ten minutes or longer. In this way 
nearly all the dirt falls down, and the clear solution, being poured off, is 
passed through a filter of tow into a pan, and set aside to crystallize; the 
dirt left behind is added to the scum, and both being diluted, are filtered 
through paper, and the clear solution preserved. Next day the crystals 
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formed in the pan are separated and put into funnels to drain, and the 
mother-liquor with the filtered solution from the scum, &c., are ftirther 
evaporated, and again left to crystallize. On the second evaporation, 
impurities generally separate from the solution; these are sometimes 
oxide of iron, or sulphate of lime, but most frequently chloride of sodium 
and of potassium, sulphate of potassa, and nitrate of soda. The two first 
are easily separated by filtration; the chlorides are best separated by 
efhporating the solution considerably, until much salt has been deposited, 
and then pouring the whole upon a filter of tow; the common salt, with 
more or less of the others, will remain on it, and should be washed by 
water to separate the nitre, which water should be added to fhe liquor, 
and the whole then brought to the crystallizing point. When cold, the 
crystals deposited by this solution are to be separated as before, until the 
mother-liquor is divided into other salts and nitre. It frequently happens 
that the crystals from the two or three last evaporations are coloured or 
contaminated by the adhesion of common salt, sulphate of lime, &c.; in 
this case, they should be re-dissolved and re-crystallized with the same 
precautions as before. Care should be taken in drying the crystals, 
especially when large, that no water remain in the interstices or cleavages 
between them, which is often the case to a considerable extent ; and not 
unfrequently the interstitial water retains foreign salts, so that, in purifying 
nitre upon the large scale, it is often advantageous to stir it whilst 
crystallizing, that the crystals may be small and broken, and then the 
adhering impurities may be better washed out by cold water. When 
pure, the solution of nitre is not rendered turbid either by nitrate of silver 
or nitrate of baryta. 

Nitre crystallizes in six-sided prisms, usually terminated by diedral 
summits. Its primitive form is a right rhombic prism, the measurement 
and modifications of which have been given by Mr. Levy {Qiuarterl^ 
Journal^ xv., 284.) The crystals are large and smooth when obtained 
from a great mass of solution, but irregular and striated when formed in 
smaller quantities. The large crystals are very sensible to changes of 
temperattire, and when handled, generally crack transversely; so that it 
is difficult to preserve them entire. They are not altered by exposure 
to air. According to Bergman, nitre dissolves in 7 parts of water at 60% 
and in its own weight at 212°; but these proportions are not correct : 
La Grange states that I part of nitre dissolves in between 3 and 4 of 
water at 60°, and in half its weight at 212°. Gay Lussac has shown 
that the solubility of nitre varies extremely with temperature: at 32°, 
100 parts of water dissolve 13.2 of the salt; at 77^9 the salt dissolved 
by 100 of water is 38 parts; at 132°, it amounts to 97 parts; at 176°, 
to 169 parts; at 210°, to 236 parts; and at 212° to 246 parts. Accord- 
ing to Dr. Ure, the temperature of a saturated solution of nitre, boiling 
hot, is 340°, and the relation of the salt to its solvent is in weight as 
3 to 1. Upon the same Authority, water at 60° dissolves one-fourth its 
weight of nitre; or, more exactly, this saturated solution contains 21 per 
cent, of salt : its specific gravity is 1.1416 ; and 100 parts in volume of 
the two constituents occupy now 97*91 parts. {Jour. Royal Inst.y i. 121 .) 
Berzelius observes, that the solubility of nitre is apparently increased by 
the presence of common salt, but that this arises from their mutual 
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reaction, producing nitrate of soda and chloride of potassium. During 
the solution of 1 part of powdered nitre in 5 of water, the temperature 
sinks from 50° to 35°. Its use in cooling mixtures has already been 
noticed, p. 155. It is insoluble in pure alcohol. The crystals of nitre, 
though the salt is anhydrous, always contain interstitial water ; so that 
they appear moist when powdered, and lose weight on drying. The 
* taste of nitre is cooling and peculiar, and it is used in medicine in small 
doses, as a diuretic and sedative: in doses of from half an ounce to an 
ounce it is eminently poisonous, exciting violent spasms, vomiting, 
bloody stools, convulsions, and generally proving fatal. In such cases, 
viscid mucilaginous drinks with opium and cordials are the most effective 
restoratives.' This salt consists of 


Potassa 

1 

48 


47.1 

Wollaston. 

46.668 

Nitric acid 

1 

54 

• . 

52.9 

53.332 


1 

102 


lOO.O 

100.000 


Its ultimate components are. 


Oxygen 

6 

, . 

48 

47.10 

Nitrogen 

1 

. . 

14 

13.75 

Potassium 

1 


40 

39.15 


1 


102 

100.00 


. At a temperature of about 600°, nitre fuses without undergoing 
change of composition, and congeals, on cooling, into a white striated 
mass. Sometimes it is cast into small balls or cakes, called sal prunella^ 
a name derived from the circumst^ce of its having been occasionally 
stained of a plum-colour. At a red heat, nitre is slowly decomposed ; 
and if distilled in an earthen retort or gun-barrel, it affords abundance 
of oxygen gas, one pound yielding about 12,000 cubic inches, of sufficient 
purity for many common experiments in which that gas is used ; it is of 
course mixed with a portion of mtrogen. In this decomposition the 
nitre is first converted into hyponitrite of potassa^ which is deliquescent ; 
and afterwards, according to Berzelius, compounds are formed of potassa 
with nitric and nitrous oxides. 

Nitre is rapidly decomposed by charcoal at a red heat; and the 
results are carbonic oxide and acid, nitrogen, and subcarbonate of potassa, 
formerly called nitrum Jixum^ and white Jlux, The old chemists used to 
perform this detonation in retorts connected with capacious receivers, 
which were generally blown to pieces; sometimes they succeeded in 
obtaining a little acidulated water, which they called clyssus of rntrCy 
and attributed to it wonderful medical virtues. These mixtures of nitre 
and charcoal form the basis of a variety of compositions used for fire- 
works, the rapidity of the combustion being modified by the relative 
proportion of the charcoal. 

When phosphorus is throvm upon nitre, and inflamed, a vivid com- 
bustion ensues, and a phosphate of potassa is formed. Sulphur sprinkled 
upon hot nitre bums, and produces a mixture of sulphate and sulphite 
of potassa. This salt used formerly to be employed in medicine, under 
the name of Glasers polychrest salt. The combustion of a mixture of 
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nitre and sulphur has already been described as the source of sulphuric 
acid (p. 42,) When a mixture of two parts of nitre and one of muriate 
of ammonia are heated to redness, chloride of potassium, water, chlorine, 
muriatic acid, and a little nitrous acid, are the results, and nitrogen gas is 
copiously evolved. (Soubeiran, Journal de Pharmacie^ 18279 p« 321.) 
Most of the metals, when in filings or powder, detonate and bum when 
thrown on red-hot nitre; some of the more inflammable metals produce 
in this way a considerable explosion. 

A mixture of three parts of nitre, two of dry subcarbonate of potassa, 
and one of sulphur^ forms fulminaiing powder. If a little of this com- 
pound be heated upon a metallic plate, it blackens, fuses, and explodes 
with much violence, in consequence of .the rapid action of the sulphur 
Upon the nitre, and the sudden evolution of nitrogen in its gaseous 
form. 

Gunpowder consists of a very intimate mixture of nitre, sulphur, 
and charcoal, the proportions varying, according to the uses made of it, 
as follow: 


Saltpetre 


Common 

gunpowder. 

75.0 

Shooting 

powder. 

78 

Shouting 

powder. 

76 

Miners* 

powder. 

65 

Charcoal . 


. 12.5 

12 

15 

15 

Sulphur 

. 

12.5 

10 

9 

20 


The following is a table of the composition of gunpowder of several 
countries. 


Waltham Abbey mills . 
France, national establishment 

y for sportsmen . 

y for mining . 

United States of America 
Prussia . . . 

Bussia 

Austria .... 

8p^ 

Swita^land (round powder) 
Chinese . . . . 


Nitre. 

Charcoal. 

Sulphur. 

75 

15 

10 

75 

12.5 

12.5 

78 

12 

10 

65 

15 

20 

75 

12.5 

12.5 

75 

12.5 

12.5 

73.78 

13.59 

12.63 

76 

11.5 

12.5 

76.47 

10.78 

12.75 

76 

14 

10 

75 

14.4 

9.9 


The ingredients are perfectly mixed, moistened, beaten into a^cake 
which is ^erwards broken up, granulated, dried, and for the finest 
powder polished by attrition. The violence of the explosion of gun- 
powder depends upon the sudden production of gaseous matter, and of 
intense heat, resulting from the action of the combustibles upon the 
nitre. Carbonic oxide, carbonic acid, nitrogen, and sulphurous acid, are 
the principal gaseous results ; and the solid residue consists of carbonate, 
sulphate, and sulphuret of potassa, and charcoal. (Gruickshanks, NichoU 
son's Joumaly iv. See also the same Journal, xiii., 277*) 

If we theoretically inquire how the maximum gaseous volume is to 
be produced from the chemical reaction of the elements of gunpowder, 
we shall find it to be by the generation pf carbonic oxide and sulphurous 
acid, with the disengagement of nitrogen. This will lead to the follow- 
ing proportions of their constituents. (Ure, Journal Royal Institutiony 
vol. i., p, 136.) 
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1 prime equivalent of nitre . 
1 „ Bulplmr 

3 „ * charcoal 


102 


Per cent. 

76.00 

16 

. . . 

11.77 

18 


13.23 

1^6 


100.00 


-•The nitre contains 5 proportionals of oxygen, of which 3 combining 
with 3 of charcoal will furnish 3 of carbonic oxide gas, while the remain- 
ing 2 will convert the 1 of sulphur into sulphurous acid gas: the single 
proportional of nitrogen is, therefore, in this view disengaged alone. 
The gaseous volume, on this supposition, evolved from 130 grains of 
gunpowder, equivalent in bulk to 75£ grains of water, or to three-tenths 
of a cubic inch, will be at the atmospheric temperature as follows : 


Grains. 

Cai'bonic oxide . . 42 
Sulphurous acid . . 32 
Nitrogen 14 


Cubic Inches. 
141.6 
47.2 
47.4 

236.2 


Being an expansion of one volume into 7B7-3. But as the temperature 
of the gases at the instant of their combustive formation must be incan- 
descent, this volume may be safely estimated at three times the above 
amount, or considerably above two thousand times the bulk of the solid. 

This theoretical account of the gases developed does not exactly accord 
with the experimental products usually assigned, especially as relates to 
the evolution of carbonic acid ; carburetted and sulphuretted hydrogen, 
and vapour of water, often mentioned among the products of the com- 
bustion of gunpowder, are found in very minute quantities only, for 
good gunpowder does not contain more than 1 per cent, of water, which 
can be the only source of hydrogenated compounds. The larger the pro- 
portion of sulphur the less forcible will be the explosion of the powder; 
thus, when it contains 12 of charcoal and 12 of sulphur ifi 100, it does 
not throw a proof-shell so far as that containing 19 of charcoal and 9 of 
sulphur. But the former powder keeps better than the la^r, so that 
for the supply of remote colonies and humid climates, it perhaps justifies 
a slight sacrifice of strength, which may be compensated by a larger 
charg^. 

There is a good account of the manufacture of gunpowder by Mr. 
Coleman, in the Philosophical Magazine^ vol. ix., and in Aikin's Z)£c- 
tionary of Chemistry^ (article, Gunpowder.) The strength and goodness 
of gunpowder is most accurately determined by measuring its actual 
projectile force by the iprouvette^ which is a small strong barrel in which 
a given quantity of it is fired, and the force of expansion measured by 
the action exerted on a strong spring or a great weight. Another method 
is, to fire a heavy ball from a short mortar, with a given weight of the 
powder, and to find the range of projection. The eprouvette, formerly 
used in France, was a mortar seven inches (French) in calibre, which, 
with three ounces of powder, should throw a copper globe of 60 lbs. 
weight to the distance of 300 feet. Gunpowder is sometimes tried by 
placing two heaps of about sixty grains each upon clean writing-paper^, 
three or four inches asunder, and firing one of them by a red-hot .wire: 
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if the flame ascends quickly with a good report, sending up a ring of 
white smoke, leaving the paper free from white specks and not burnt 
into holes, and if no sparks fly off from it so as to set fire to the con- 
tiguous heap, the powder is very good ; if otherwise; the ingredients are 
badly mixed or impure. It^appears from Count Rumford’s experiments 
on the force of gunpowder, {Phil. Trans.^ Lxxxvii., 254,) that 28 grains, 
confined in a cylindrical space which it just filled, tore asunder a piece 
of iron which would have resisted a strain of 400,000 lbs. 

Gunpowder may, it is said, be inflamed by a violent blow; if mixed 
with powdered glass, or any other harder substance, and struck with a 
heavy hammer upon an anvil, it almost always explodes. It readily 
bums under water, and by using a slowly burning powder, such as squibs 
are filled with, inflamed in a^tube of copper, the gaseous products may be 
collected over water in the pneumatic trough. The portfires used by the 
artillery answer very well for this experiment. 

Analysis of Gunpowder. To ar^yze this compound, boil it with 
four parts of water, edulcorate the residue, dry it at 212®, and weigh ; 
the loss indicates the nitre. The dry residue, composed of charcoal and 
sulphur, may be decomposed by spreading it upon an earthen plate, and 
burning off the sulphur at the lowest possible heat ; the charcoal will 
remain, still however retaining a little sulphur. A more accurate process 
consists in introducing the mixture into a small retort furnished widi a 
stop-cock, exhausted, and filled with chlorine ; heat applied volatilizes 
the chloride of sulphur and leaves the charcod, which may be washed, 
dried, and weighed. Another mode of analyzing gunpowder consists in 
separating the nitre by water, evaporating to dryness, and fiising the salt. 
To obtain the sulphur, 5 grains of the powder, 5 of carbonate of potassa, 
5 of nitre, and 20 of pure common salt, are to be intimately mixed, and 
placed on the fire in a platinum vessel ; the sulphur is slowly acidified, 
and when the mass becomes white it is dissolved in water, saturated 
with nitric or muriatic acid, and muriate of baryta added, so long as it 
occasions a precipitate ; the sulphate of baryta thrown down is then 
collected, washed, and ignited, and its weight indicates the quantity of 
sulphur contained in the gunpowder by the usual computation. (Qay 
Lussac, Ann. de Chim. el Phys.^ xvi., 437-) 

Action op Potassium on Ammonia. Tliis has been-examined by Gay 
Lussac and Thenard, and by Sir H. Davy. When potassium is heated in 
ammonia, a fusible olive-coloured substance is obtained, of a crystallized 
fracture, translucent at the edges, heavier than water, and a non-con- 
ductor of electricity. It fuses at a little above 212®. It bums in Oxygen, 
producing hydrated potassa and nitrogen : exposed to air, it slowly deli- 
quesces, and evolves ammonia : water rapidly acts upon it, producing 
potassa and ammonia. The nature of this compound is not clearly 
understood: Gay Lussac and Thenard consider it as a compound of 
nitrogen, potassium, and ammonia ; for hydrogen is evolved during its 
production. They found that a quantity of potassium which evolved 
one measure of hydrogen from water, absorbed from one to two measures 
of ammonia, (less at a high than a low temperature,) and evolved one 
measure of hydrogen. 

Potassium and Sulphur. When potassium and sulphur are heated 
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together in an exhausted tube, the sulphur not being in excess, intense 
action ensues, attended by the vivid oombustion of the potassium, and a 
brownish-gray compound results: when proper proportions of the 
materials are used, this appears to be a true sulphuret of pota^sium^ 

(po+s). 

« The same compound is obtained by passing hydrogen through a red- 
hot tube containing sulphate of potassa : water is formed in consequence 
of the deoxidizement, by the hydrogen, of the acid and of the potassa. 
Thus procured it is a dark reddish-brown substance, not very inflam- 
mable, and deliquescent. It is fusible at a heat below redness, of a 
caustic and sulphureous taste, soluble in water and alcohol, and when 
heated by the blow-pipe, becomes incrusted with sulphate of potassa. 
From the mode of forming this compound it obviously consists of 

Potassium . . 1 . . 40 . . 71.4 

Sulphur . • 1 . . 16 . . 28.6 

1 56 100.0 


StJpkurette^^Hj^drogen. 


Sitlwhur 


Hydrogen. 


{ 17 Sulphuretted Hydrogen 
-{- 48 Potassa = 6o Hydro* 
sulphuret of Potassa. 


4 


WatSr 

9 


When sulphuret of po- 
tassium is put into water 
it furnishes a solution of 
hydrosulphurei of potas- 
sa (p+0)+(A+S), in 
consequence of the de- PorAisiuM 
composition of one pro- 
portional of water, by 
one of the sulphuret, as 
sho>vn in the annexed 
diagram:— 

A similar hydrosulphuret* of potassa may be obtained by passing 
sulphuretted hydrogen through an aqueous solution of potassa, and if 
this be carefully evaporated in a retort so as to exclude air, it forms 
colourless prismatic crystals, which, independent of water of crystal- 
lization, may be considered as containing ♦ 


Potassium. 
40 


Ozygeu. 

8 


Pota%9a 

48 


Potassa 

1 

• , 

48 

. . 73.82 

Sulphuretted hydrogen . . 

I 

• • 

17 

. . 26.18 


1 


65 

100.00 


Hydrosulphuret OF Potassium. (p+A-f-S). When potassium is 
heated in sulphuretted hydrogen gas it bums, and the gas diminisher in 
volume. During this action the potassium decomposes one proportional 
of the gas, and combines with its sulphur to form sulphuret of potassium, 
which, uniting without decomposition with another proportio]^al of the 
gas, forms a compound of 

Sulphuret of potassium • . 1 • • 56 . . 76.75 

Sulphuretted hydrogen . . 1 . . 17 • . 23.25 

1 73 100.00 


* Berzelius does not admit the de- but considers the solution as containing 
composition of water in these cases of the undecomposed sulphuret. 
the solution of sulphurets of potassium, 
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It is to such comp'ounds that the term sulphur salts properly applies. 
This hydrosulphuret yields with water a colourless solution of hihydro- 
sulphuret of potassa (j9+0 )+ 2 (A+S). With dilute acids it evolves 
two volumes of sulphuretted hydrogen. When dilute acids are dropped 
into a solution of the hydrosulphuret, one volume of sulphuretted hydrogen 
is evolved, and no sulphur precipitated : when the solution is exposed 
to air, it absorbs oxygen, and becomes converted into hyposulphite of 
potassa. 

Bisulphuret of Potassium. (p+ 2 S.) When 4 parts of potassium 
are heated with 3 of sulphur, a brown fusible crystalline substance is 
obtained, permanent at a red heat^ and consisting of 


Potassium . . 

1 

40 

55.4 

Sulphur 

. • 2 . 

32 

44.6 

Acting upon water 

1 


100.0 


this compound decom- 
poses one proportional of 
that fluid, and forms a 
yellow solution of sul- 
phuretted hydrosulphu- 
rct of potassa, or of a 
compound of potassa with 
bisulphuretted hydrogen 
(p+o)+(js+A) as in 
the annexed diagram. 

The solution there- 
fore contains 


Bhvlfhwret^ Hydrogen, 


Sulpliur. 
I6xs« = 32 


Hydrogen. 


Bisulphu- 

RKT OF 

Potassium. 

72 


33 Bisulphuret of Hydrogen 
-I- 48 Potassa = 81 Siilpnu- i 
retted Hydrosulphuret of| 
Potasoa. 


Potassium. 

40 


Potassa 1 . . 48 . . 59.2 

Bisulpliuret of hydrogen • « 1 . . 33 . . 40.8 

1 81 100.0 

When the di£ite acids are added to this aqueous solution, sulphuretted 
hydrogen is evolved and sulphur precipitated ; hut if a strong solution 
of it be poured into muriatic acid, a viscid, substance falls, which is 
bisulphuretted hydrogen (see page 436.) Exposed to air, this solution 
passes into a hyposulphite, and sulphur is deposited. 

It appears that the above are the only two definite compounds of 
sulphur and potassium ; they are both permanent at high temperatures ; 
but these unite indefinitely with sulphur by fusion at a moderate heat. 
Berzelius describes seven sulphurets of potassium, in which one propor- 
tional of metal is combined respectively with 1, 2, 3, 3^, 4, 4^, and 5 
proportionals of sulphur {Ann de Philos.,^ N,S.y iv., 214), but the definite 
nature of these compounds seems open to some doubt. 

Potassa and Sulphur. When sulphur is fused with hydrate of 
potassa, the water of the hydrate evaporates, and the oxide of potassium 
is decomposed, giving rise, at a red heat, to sulphuret or bisulphuret of 
potassium (according to the quantity of sulphur used), and to hypo- 
sulphite (which becomes sulphate) of potassa. It does not appear that 
any sulphurous acid is in these cases evolved. 
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When carbonate of potassa and sulphur are heated together, carbonic 
acid is evolved, and the potassa and the sulphur act upon each other as 
just described ; the result being, if air be not carefully excluded, sul- 
phuret of potassium and sulphate of potassa. 

The compounds thus obtained, hy fusing potassa, or its carbonate 
with sulphur, were formerly designated Livers of Sulphur^ in conse< 
qi&ence of their colour ; and the conversion of sulphate of potassa into 
liver of sulphur by the action of charcoal and heat, was an expeiiment 
instituted by Stahl in support of the phlogistic hypothesis. Exposed to 
air, these sulphurets deliquesce, and exhale a disagreeable smell ; their 
taste is bitter, acrid, and nauseous. The general results of dissolving 
them in water, by which hydrosulphurets of potassa are obtained, have 
been above noticed 

When sulphur is boiled with the hydrosulphuret, or when excess of 
sulphur is boiled in solution of potassa, bihydrosulphuret of potassa may 
be obtained; but as this compound, when in solution, dissolves variable 
and apparently indoiinite portions of sulphur, an uniform combination is 
not in this way easily obtainable. 

Hyposulphite or Potassa (j90+0)+(i 5+2 0) or (P+S) is formed 
by decomposing hydrosulphuret of potassa by sulphorous acid and evapo - 
rating to a pellicle, when it forms acicular crystals, of a cooling, bitter 
taste, and deliquescent. After careful drying it takes fire upon elevating 
the temperature, and bums like tinder. Its solution readily dissolves 
moist chloride of silver; and when exposed to air becomes sulphite, and 
ultimately sulphate, of potassa. This salt is also formed when the 
alcoholic solution of sulphuret of potassium is exposed to air, and the 
adhering sulphuret washed from its ciystals by alcohol : or by boiling a 
solution of sulphite of potassa ^ith sulphur. 

Sulphite of Potassa (P + 5) is formed by passing sulphurous acid into 
absolution of potassa, or of its carbonate, and evaporating out of the con- 
tact of air. Rhomboidal plates or prisms are obtained, white, anhydrous, 
of a sulphurous taste, and soluble in about their weight of water. By 
exposure to air, they pass into sulphate of potassa. Berzelius observes, 
that there is a bisulphite of potassa, more easily crystallizable than the 
sulphite, and generally confounded with it. 

Sulphite of potassa consists of 


Potassa 

, 

1 

48 

60 

Sulphurous acid 

• 

1 

32 

40 



1 

80 

100 


Hyposulphate op Potassa (7?0+0) + (2 5 + 6 O) or P+5/ is ob- 
tained by decomposing a solution of hyposulphate of baryta by sulphate 
of potassa. It forms permanent crystals of a bitter taste, difficultly soluble 
in cold, but readily so in hot water. It is anhydrous. Its crystals are 
described by Mr. Levy in the Quarterly Journal^ xv., 285. 

Hyposidphate of potassa consists, according to Heeren {Ann. de Chim. 
et Phys.j XL., 30) of 


Potassa 

1 4 • 

48 

40 

Hyposulphuric acid 

1 

72 

60 


1 

120 

100 
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Sulphate op Poiasba (2X)+0)+(S + 8 0) or (P +^0- is 

the result of seveial chemical operations carried on upon a laige scale in the 
processes of the arts. It may be formed directly by saturating sulphuric acid 
by carbonate of potassa. It is the sal de ducbus^ and arcanum duplicatumy 
of the old chemists: the potasses sulphas of the London Pharmacopona, 
Its taste is bitter and saline. It crystallizes in short six-sdded ^ prisms, 
terminated by six-sided pyramids. The body of the prism is ^ten 
wanting, and the trianglar-faced dodecaedron results. These forms have 
been particularly described by Mr. Levy, {(Quarterly Journal^ xv., 286). 
According to Mitscherlich its primitive form is a rhombic octoedron, and 
it is isomorphous with seleniate, and also with chromate of potassa. The 
crystals, whilst forming, sometimes emit a yellow light. They are anhy- 
drous. This salt dissolves in 16 parts of cold, and 5 of boiling water; 
or, according to Gay Lussac, 100 parts of water at 32® dissolve 8.36 of 
this salt, and for each degree above 32®, it takes up 0.1741 parts in addi- 
tion; in consequence of its difficult solubility, it is thrown down in a 
white granular powder, when sulphuric acid is added to a moderately 
strong solution of potassa. It is insoluble in alcohol. Exposed to a red 
heat, it decrepitates and melts, but is not decomposed. At very high 
temperatures it is volatilized. It is decomposed at a red heat by hydro- 
gen, which carries away the oxygen both of the acid and of the potassa, 
and converts it into sulphuret of potassium. When fused with sulphur, 
this salt undergoes no change; the sulphur sublimes unaltered. (Vau- 
quelin, Ann, de Chim, et Pkys,^ v., 20.) Intensely heated with one- 
fifth its weight of powdered charcoal, it produces sulphuret of potassium. 
When about 2 parts of sulphate of potassa and 1 of lamp-black, inti- 
mately mixed in fine powder, are heated to redness in a coated phial, and 
great care taken to exclude the air during cooling, a compound is 
obtained which takes fire upon exposure to air. It appears to contain a 
compound of potassium, which powerfully attracts oxygen, and thus 
excites heat enough to inflame the charco^ and sulphur. Gay Lussac 
attributes the combustibility of common pyrophoros (see Alumina) to the 
presence of this compound. 

Sulphate of potassa consists of 

Kirwan. Dalton. 

Potassa . . 1 . . 48 . . 54.5 . . 55 . . 55.3 

Sulphuric acid . I . . 40 . . 45.5 . . 45 . . 44.7 

1 88 100.0 100 100.0 


Bisulphate or Supersulphatb of Potassa (j90+0)-h s (5+3 0) 
or (P+s Sf) is formed by adding sulphuric acid to a hot solution of sul- 
phate of potassa; or by boiling sulphate of potassa with half its weight of 
sulphuric acid in a platinum crucible, till none of the acid escapes when the 
heat approaches redness: the saline mass, dissolved and evaporated, fur- 
nishes crystals which affect various fonns dependent upon the circum- 
stances under which they are obtained: sometimes they present an 
acicular mass; at other times they are tabular; and sometimes flattened 
prisms. 

According to Geiger they consist of 
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Potassa • 
Sulphuric acid 
Water 




Acteular. 

PrUmatic. 

48 

. . 32.9 

. . 33.83 

. . 32.53 

80 

. . 64.8 

. . 56.43 

. . 64.77 

18 

. . 12.3 

. . 10.74 

. . 12.70 

146 

100.0 

100.00 

100.00 


The crystals of bisulphate of potassa are soluble in about half their 
weight of boiling water, and twice their weight of water at 40°. When 
dissolved in a large quantity of water and evaporated, crystals of sulphate 
of potash are deposited from a sour mother-liquor. 

By a continued red heat this salt loses its excess of acid. Alcohol 
added to its aqueous solution throws down neutral sulphate of potassa. 

Bisulphate of potassa (probably anhydrous) is also formed in the 
distillation of equal parts of nitre and sulphuric acid: nitric acid passes 
over, and a residuary bisulphate of potassa is produced, commonly known 
under the name of sal enixum It is the arcanum dupUcatumy or panacea 

Holsatica of old pharmaceu- 
tists. It is used for cleansing 
coin and other works in 
metal j and has a place in 
some Pharmacopoeice. 

The annexed diagram 
will illustrate the formation 
of this salt, and of liquid 
nitric acid, in the distillation 
of two proportionals of sul- 
phuric acid with one of 
nitre : — 


I. Liquid Nitric Acid = 72 


2 Water 
= 18 


1 Dry 

Nitric Acid. 
=54 


II. Liquid 

SULPHUiilC ( 

Acid =98 ' 


I, Nitratk 

> Of POTABBA 
= 102 


2 Dry 

I Sulphuric Acid 


1 PotasBa 
= 48 


I. Bisulphate of Potassa = 128 


Sesquisulphate OF Potassa. (P + l^^A) This salt has been described 
and analyzed by Mr. Phillips {Phil. Mag.^ N.S.j ii., 420): he obtained 
it as the residue of the distillation of equal weights of nitre and sulphuric 
acid (sp. gr. 1.8442). It was in filamentous crystals, and consisted of 


Potassa 

2 

96 

42.60 

Sulphuric acid 

3 

» . 120 

54.57 

Water 

1 

9 

2.83 


r 

225 

100.00 


Ammonio-Sulphatb of Potassa (P + A + s S') is obtained by adding 
ammonia to bisulphate of potassa, or by mixing solutions of sulphate of 
ammonia and sulfate of potassa, and setting aside to crystallize : it forms 
transparent prisms of a bitter taste ; 100 of water at 60° dissolve 13. 
(Link, Crell's Annals^ 1796.) It consists of 


Sulphate of potassa 

1 

88 

48.6 

Sulphate of ammonia 

1 

67 

31.5 

Water 

4 

36 

19.9 


1 

181 

100.0 


Phosphuret of Potassium {po+p) is a chocolate-brown compound, 

which rapidly decomposes water, evolving phosphuretted hydrogen gas. 
It is formed by cautiously heating potassium with phosphorus out of the 


* This salt, from the variable quantity of nitric acid, is genendly a mixture of 
of sulphuric acid used in the distillation sulphate and bisulphate of potassa. 
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ilM>nt9€t of air; or by decomposing phosphuretted hydrogen by potassium, 
which, when heated in that gas, forms this phosphuret and evolves pure 
hydrogen. 

When heated with potassium it appears capable of combining with an 
additional proportion of that substance, and forms a lead-coloured com- 
pound, in which it is probable that 2 proportionals of potassium are 
combined with 1 of phosphorus. 

By heating potassium with glacial phosphoric acid, Gay Lussac and 
Thenard obtained a brown compound which decomposed water: it was 
probably a mixture of phosphuret of potassium and phosphate of potassa. 

Hypophosphite op Potassa (jpo +0) + (2 ^ + 0) or (P +^) has been 
examined by Dulong. It is very deliquescent, and soluble in water and 
alcohol nearly in all proportions. When heated it evolves phosphuretted 
hydrogen and phosphorus, and is converted into phosphate of potassa. 
(Ann, de Chim. et Phys.^ ii., 142.) It is best prepared by mixing a 
solution of hypophosphite of lime with one of carbonate of potassa, filter- 
ing, and evaporating to dryness: alcohol, digested upon the residue, takes 
up the hypophosphite of potassa: it is uncrystallizable, but may be dried 
in vacuQH (Rose, Quarterly Journal, iv., 206.) The substance described 
by Grotthus (Ann. de Chim.^ Lxiv., 20), as resulting froi^he action of 
phosphorus upon a solution of potassa, is probably this hypophosphite. 

Phosphite of Potassa (j90+0) + (jp-|-l|oy or (P+j5) is a soluble 
deliquescent uncrystallizable salt, insoluble in alcohol (Dulong). 

Phosphate of Potassa (jDO+0)+(jO+240) or (P 4- is a soluble 
difficultly-crystallizable salt, of a cooling urinous taste, formed by adding 
. carbonate of potassa to hot phosphoric acid till the solution ceases to 
affect vegetable blues. It is insoluble in alcohol. It may be obtained 
by very careful evaporation, in four-sided prisms, and octoedrons, com- 
posed according to Thomson, of 


Potassa 

1 

48 

51.6 

Phosphoric acid 

1 

36 

38.7 

Water 

1 

9 

9.7 


1 

93 

100.0 


Diphosphate of Potassa; (sP+p') is formed by adding hydrate of 
potassa to the phosphate^ and removing the excess of alkali by alcohol, 
when the basic salt (diphosphate) falls in the form of an oily liquid. 
(Berzelius.) It may also be obtained by adding hydrate of potassa to a 
solution of the phosphate, evaporating to dryness^ and then removing the 
excess of potash by alcohol: it is tasteless, insoluble iircold water, but 
soluble in hot water, and precipitates as the solution cools, in the form of 
a gritty powder: it is extremely fusible: it is solubleln nitric, muriatic, 
and phosphoric acids, and the solutions are glutinous; when sufficiently 
diluted, the alkalis occasion no precipitate in these solutions. (Thomson.) 
It consists of 

Potassa . r 2 . . 96 . . 72.75 

Phosphoric Md . . 1 . . 36 . . 27.25 


1 


132 


100.00 
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Biphosphate op Potassa (P+ 2 jOO is formed by dissolving the neutral 
phosphate in phosphoric acid, and evaporating till crystals are obtained, 
which are prismatic and very soluble in water, but insoluble in alcohol. 
According to Mitscherlich (Ann. de Chim. et Phys., xix., 364), the 
biphosphate of potassa consists of 


Potassa . 

1 

.48 

34.8 

Mitscherlich. 

34.40 

Phosphoric acid 

2 

.72 

62.2 

52.48 

Water . 

2 

.18 

13.0 

13.12 


1 

138 

100.0 

100.00 


Potassium and Selenium. (po+Se.) When these substances are 
heated together, they combine with intense action, and produce a gray 
crystalline compound, forming a deep-brown solution with water, from 
which acids evolve seleniuretted hydrogen and precipitate selenium. 
When selenium is heated with excess of potassium, an explosion ensues, 
and a compound is obtained which furnishes a red solution, and evolves 
hydrogen by the action of water. The odour and general characters of 
these compounds so much resemble those with sulphur, as not easily to 
be distinguished except by the brown and red colours of their flulutions. 

When n|^dered selenium is boiled in solution of potassa, a dark 
brown solut^ of an hepatic taste and smell is the result, from which 
acids precipitate selenium. Fused with potassa, selenium produces 
seleniate of potassa and seleniuret of potassium. 

Potassa and S elenious Acid form , according to Berzelius, a neutral 
selenite of potassa (po+0)+(S6'f 2 0) or (P+sli), a hiselepite (P +2 Sfif), 
and a quadriselenite (P+ 4 S(?). The first is difficultly crystallizable, 
somewhat deliquescent, and insoluble in alcohol. The second forms 
plumose crystals, veiy sparingly soluble in alcohol. The third is un- 
ciystallizable. (Ann. de Chi m. et Phys.^ ix., 257 ») 

Seleniate of Potassa. (2?0+0)+(S^+ 3O) or (P+Se'.) This salt 
may be obtained by fusing nitre with selenium or selenious acid, or by 
saturating the selenic acid by potassa. From the statement of Mitscher- 
lich it consists of 


Potassa . 

1 

48 

42.9 

Solenic Acid . 

1 

64 

67.1 


T 

Ti2 

100.0 


According to the same authority, the seleniates and the sulphates are 
isomorphous. (Ann. de Chim. et Phys.^ xxxvi., 104.) 

Potassium and Carbon. When potassa is decomposed at high tem- 
peratures by edrbon, a black substance remains in the retort, which is 
probably a carburet of Potassium. (pO-^-COLT.) It takes fire upon 
water; |md if plunged into that fluid evolves carburetted hydrogen. It 
is probable that several of the pyrophoric charcoals contain potassium. 

Potassa and Carbonic Acid. These bodies combine in two propor- 
tions, forming the carbonate and the bicarbonate of potassa, compounds 
which have been long used and known under various names; such as 
Jixed nitre^ salt of tartar^ salt, of wormwood^ vegetit$e alkali^ &c. Their 
composition was first ascertained by Black. Bergman, in 1 774, described 
their most essential properties. (Opusculoy vol. i., p. 13.) 

2o 
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Carbonate op Potassa (po+0)+(Cfl57’+20) or P+C^7*/, is a salt 
of great importance in many arts and manufactures, and is known in 
commerce in different states of purity, under the names of wood-ash^ 
pot^ash^ and pearl-ash. It is the subcarbonaie of potassa of the London 
Pharmacopoeia. 

It may be obtained directly, by passing carbonic acid into a solution 
of potassa, till saturated, evaporating to dryness, and exposing the dry 
mass to a red-heat; or indirectly, by burning tartar^ lixiviating the 
residue, and evaporating to dryness, whence the name salt of tartar has 
been applied to it. 

Carbonate of potassa is fusible without decomposition, at a red-heat; 
its specific gravity is 2.6 ; it is very soluble in water, which at 55® takes 
up about its own weight; it deliquesces by exposure to air, forming a 
dense solution, once called oil of tartar per deliqmum. Its taste is 
alkaline, and it renders vegetable blues green. It consists, in its fused 
or anhydrous state, of 


Potassa 

1 

48 


68.5 

Vauquelin. 

67 

Dalton. 

68.9 

Carbonic Acid 

1 

22 

. . 

31.6 

33 

31.1 


1 

To 


100.0 

100 \ 

100. 


A saturated solution of carbonate of potassa in water contains about 
48 per cent, of the salt, and has a specific gravity of 1.5. The following 
table, showing the quantity of dry carbonate of potassa in solutions of 
different specific gravities, is by Richter. (Gmelin, i., 2 abt., p. 530, 
Ed. 1827.) 


S. G. 


Per Cent. 

S. G. 


Per Cent. 

S. Q. 

Per Cent. 

1.58 

— 

37.4 

138 

• . . 

27.0 

1.18 

-- - 13.5 

1.56 


36.5 

1.36 

. . . 

26.0 

1.16 

--- 12.0 

1.54 


35.4 

1.34 

— 

24.5 

1.14 

-- - 10.6 

1.52 


34.1 

1.32 


22.7 

1.12 

9.4 

1.50 


32.7 

1.30 


20.8 

1.10 

--- 8.2 

1.48 


31.8 

1.28 


19.7 

1.08 

--- 6.6 

1.46 


30.9 

1.26 


18.7 

1.06 

--- 4.0 

1.44 


29.9 

1.24 


17.6 

1.04 

3.3 

1.42 


29.0 

1.22 

... 

16.3 

1.02 

1.7 

1.40 


28.0 

1.20 

— 

15.1 



If a solution of this carbonate be evaporated till of a specific gravity of 
1.62 whilst warm, and then poured into a tall cylindrical glass vessel, 
and suffered slowly to cool, it furnishes crystals in long rhomboidal tables, 
which are very deliquescent. The remaining mother-liquor, when cold, 
yields further crystals on evaporation, or when long kept : in the latter 
case the crystals are rhombic octoedra. (Berard, Ann. de Chim.^ Ixxi., 
50. Qiese Scherer's Annalen^ iv., 294). Fabbroni afterwards described 
these crystals, without being aware that they were previously known. 
{Ann. de Chim. ei Phys.^ xxv., 5.) Iliey consist of 


Potaasa 

1 

48 

. . 54.6 

Oieso. 

66 \ 

26 f • • 

Berard.' 

79.4 

Carbonic Acid . 

1 m: 

22 

25.0 

Water 

18 

. . 20.5 

20 

20.6 


mmmm 


—■■■■■ ■ 




1 

88 

100.0 

100 

100.0 
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Carbonate of potassa is insoluble in alcohol, and is occasionally em- 
ployed to deprive alcohol of water. Berzelius states, that if steam he 
passed over this salt in a red-hot tube, its carbonic acid is expelled, and 
hydrated potassa formed. A few of the metals, and charcoal at very high 
temperatures, decompose it with the production of potassium. The 
action of sulphur and of phosphorus upon this carbonate has already 
beeh noticed. 

The great consumption of carbonate of potassa in various manufactures 
is exclusively supplied by the combustion of vegetables, and consequently 
its production is dmost limited to those countries which require clearing 
of timber, or where there are vast natural forests. The English market 
is chiefly supplied from North America. If any vegetable, growing in a 
soil not impregnated with sea>salt be burned, its ashes will be found 
alkaline from the presence of carbonate of potassa. If the ashes be sub- 
mitted to heat, so as to bum away the carbonaceous matter entirely, they 
become a white mass, generally termed pearl-ash. 

The pearl-ash of commerce contains a variety of impurities, which 
render it of variable value. In general, its purity may be judged of by 
its easy solubility in water, two parts of which should entirely and easily 
dissolve one part.of the salt, without the aid of heat; the residue, if any, 
consists of impurities. The quantity of nitric acid of a given density, 
requisite to saturate a given weight, may also be resorted to as a criterion 
of its purity. 100 parts of nitric acid, specific gravity 1.36, will saturate 
65.7 parts of dry carbonate of potassa, which are equivalent to 45 parts 
of pure potassa; or, 355 grains of diluted sulphuric acid of the specific 
gravity 1.141 exactly neutralize 100 grains of pure carbonate of potassa. 
Hence, if we dissolve 100 grains of the alkali to be examined, in six or 
eight parts of water, and gradually add the test sulphuric acid till we 
find, by the application of violet or mallow paper, that the alkali is 
exactly neutralized, we may deduce, from the weight of the acid con- 
sumed, the proportion of real carbonate present: for as 355 is to 100, so 
is the weight of the test-acid employed to that of the pure carbonated 
alkali present. To save trouble, the acid properly diluted may be put 
into a glass tube, so graduated as to show directly the value of the alkali 
by the quantity consumed in its saturation. Thus we find, by reference 
to the scale of equivalents, that 100 parts of carbonate of potassa are 
saturated by 7Q of sulphuric acid, specific gravity 1.85. If, therefore, 
we put 70 grains of such acid into a tube divided into 100 parts, and 
fill it up with water, it follows that the quantity of carbonate of potassa 
existing in any sample of pearl-ash under examination, will be directly- 
shown by the measure of such diluted acid required for saturation; 
100 grains of the sample, if pure carbonate, would require the 
whole 100 measures of acid: but if only containing 50 per cent, of 
pure carbonate, the 100 grains would be saturated by 50 measures of 
the test-acid, and so on. Such graduated tubes arc sometimes called 
alkalimeters. 

The following directions respecting their construction and use, I 
abstract from Mr. Faraday’s Manipulation, Let dl^ube, closed at one 
end (fig. 230), of about three-fourths of an inch internal diameter, 
and nine inches and a half in length, have 1000 grains of water 

2 o2 
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weighed into it; then let the space it occupies be graduated into 100 
equal parts, and every ten divisions numbered from above downwards. 
At 23.44 parts, or 76.56 parts from the bottom, make an extra lino 
a little on one side, or even on the opposite side to the graduation, 
and write at it with a scratching diamond 
soda; lower down at 48.96 parts, make another 
1 line, and write potash; still lower at 54.63 
5 parts, a third line marked carb. soda; and 
10 at 65 parts a fourth, marked carb, potash. It 
15 wUl be observed that portions are measured off, 
beneath these marks, in the inverse order of the 
^ equivalent numbers of these substances, and 
^ consequently directly proportionate to the quan-* 
titles of any particular acid, which will neu- 
45 tralize cqud weights of the alkalies or their 
50 carbonates. As these points are of great im- 
55 portance, it will be proper to verify them by 
weighing into the tube first 350, then 453.79 
^ then 510.4, and lastly 705.6 grains of water, 
which will correspond with the marks if they 
^ are correct. Or the graduation may be laid 
g 5 down from the surface of the four portions of 
90 fluid when weighed in, without reference to 
93 where they fall upon the general scale. The 
loo tube is now completed, except that it should be 
observed whether the aperture can be perfectly 
and securely covered by the thumb of the left hand, and if not, or if 
there be reason to think it not ultimately secure, then it should be 
heated and contracted until sufficiently small. 

Diluted sulphuric acid must now be prepared to be used with the 
tube. When of a specific gravity of 1.1268, it will be very nearly, if 
not accurately, of the strength required ; and this may be obtained by 
mixing one part by weight of oil of vitriol of specific gravity 1.82, with 
four parts of water. If, when cold, the specific gravity of this diluted 
acid be as above mentioned 1.1268, it must be nearly, if not exactly, of 
the strength required ; but before being admitted into use, should be 
examined experimentally. Assuming it, however, as being absolutely 
correct, it will be found that a quantity measured into the tube up to any 
one of the four marks described, is sufficient to neutralize 100 grains of 
the dry alkali or carbonate set down at the mark ; consequently, if water 
be added in the tube, thus filled up to any one of the marks, until the 
100 parts are full, and the whole uniformly mixed, one part of such 
diluted acid will neutralize one grain of the alkali'Or carbonate named at 
the mark, up to which the tube was first filled with the acid of specific 
gravity 1.1268. 

li^en a specimen of potash, barilla, or kelp, is to be examined by 
this instrument, 100 grains are to be weighed out, dissolved in warm 
water, filtered, the ^Iboluble portion washed, and the solution added to 
the rest; by this process the alkali will be separated from carbonate of 
lime, ot other insoluble matters, which otherwise might cause errors in 
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the estimation. The alkaline solution is to be put into a basin on the 
sand-bath, and then the tube* and acid prepared. For this purpose some 
of the acid, of specific grayity 1.1268 is to be poured into the tube until 
it rises up to the mark indicating the substance to be tested for ; potash 
or carbonate of potash for the potash or pearlash of commerce, and soda 
or carbonate qf soda for barilla or kelp: then water is to be added 
carefully, until the himdred parts are filled, and closing the tube with 
the finger, its contents are to be perfectly agitated and mixed. 

The alkali in the basin is now to be neutralized with the acid in the 
tube. After having once placed the thumb of the left hand over the 
aperture of the tube, it is not to be again removed ; but inverting the 
tube by turning the hand so that the &umb and the mouth of the tube 
are downwards, the acid is to be let out gradually into the alkaline 
solution, by relaxing the thumb and admitting a succession of small 
bubbles of air ; the hot solution beneath is to be continually stirred, so 
as to mix the acid instantly with the whole, and the operator must pro- 
ceed with increased caution as the point of neutralization is approached. 
Very small quantities of the acid may be added , by slightly relaxing the 
thumb so as to permit a minute quantity, less than a drop, to flow to ils 
extremity, and touching it with the glass rod ; the final adjustment may 
thus be made more accurately, than by dropping the acid from the lip of 
the tube. The process must be carried on until the alkali is found by 
the test-papers to have been exactly neutralized : then the tube must be 
inverted, the thumb removed, drawing its under surface over the edge of 
the tube, so as to leave as much as possible of the fluid that otherwise 
might adhere to it, and having allowed the sides to drain, it must be 
observed how many parts of acid have been used, the number of which 
will indicate the number of grains of the alkali or carbonate, contained 
in the 100 grains of the impure alkali operated with*. 

With respect to the proper strength of the acid, it is to be examined 
in the following manner : ciystals of bicarbonate of potash are to be 
fused in a platina^crucible, the fluid poured out upon a clean, cold metal 
plate, and a piece of the resulting solid, estimated to be 70, 80, or 100 
grains, weighed in water ; in this way a known weight of pure carbonate 
of potash will be obtained in solution. The solution is then to be 
diluted, heated, and neutralized by acid from the tube diluted as before 
described, from the mark of carbonate of potash. If it be found that as 
many parts of the acid have been used as of grains of the carbonate 
weighed out, the acid is of proper strength : if more acid has been used, 
it is too weak ; if less has been sufficient, it is too strong. Suppose for 
instance that 100 grains of the salt (fused carbonate of potash) had been 
used, and that 90 parts of the acid were sufficient ; then these 90 parts 
ought to have occupied the 100, and consequently the 100 parts contain 


• Some of the impure sources of 
potash and soda used in the arts, contain 
amongst other substances sulphuret and 
sulphite of alkali. Both these occasion 
errors in the mode of estimation above 
described, to obviate which MM. Welter 
and Gay Lussac {Annates de Chmiey xiii., 
212) advise, that after the soluble parts 


have been separated by water, a Uttlb 
chlorate of potasli should be added to 
them, the whole evaporated and heated 
to recess. This converts the sulphuret 
and sulphite iiHo neutral sulphate, and 
then upon redissolving the whole, the 
caustic and carbonated alkali may be 
ascertained as above described. 
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one-tentli too much acid, in consequence of the experimental acid itself 
containing one-tenth more than it ought to do. Hence the latter must 
be diluted with such a quantity of water as will make nine volumes into 
ten, or by one-ninth its volume ; for as the 90 parts used are to the 100 
parts they ought to have occupied, so is any number of parts by volume 
of the acid under trial, to the number of parts which it ought to occupy. 
The difference between the two last numbers will give the quantity of 
water in volumes, to be added to the acid expressed by the first of them, 
in order to correct it and make it of proper strength. On the contrary, 
if it were found that the 100 parts were insufficient, and that 10 parts 
more of similar acid were required, then there is too much water by 
one-eleventh of the whole in bulk, the correction for which would be 
one tenth more of the 35 parts of acid put into the tube up to the mark 
65 carb. potassa. This tenth is 3.5 parts, but as only a fifth of that or 
0.7 parts is acid, therefore 0.7 parts by weight of the same oil of vitriol 
that was used before must be added^ for every 35 p^s of the mixed 
acid. The correction in any other case may be easily made, by con- 
sidering that the number of parts over a hundred which are necessary to 
saturate the 100 grains of carbonate of potash, arc proportionate to the 
quantity of oil of vitriol which must be added to bring the experimental 
acid to proper strength : thus if 136 parts of the diluted acid were used, 
then tl^y^six-hundredths more of the weight of oil of vitriol already 
used must be added ; and the quantity of oil of vitriol that was added 
at first being known to be one-fifth by weight, the additional quantity 
required is easily ascertained. These corrections are not strictly accurate, 
but sufficiently so to meet even the exaggerated cases put of a difference 
of 10 parts, and to bring it within the limit of errors of experiment. 

Sometimes instead of using test-papers, a little of the neutralized 
blue-cabbage liquor, or of infusion of litmus may be put into the alkaline 
solution; the former immediately assumes a green tint: and by attending 
to the change effected by the addition of the acid, and noticing the point 
when blueness is again restored to the cabbage-colour, or when the 
litmus becomes reddened, the indication of neutrality is sufficiently 
evident and accurate for general purposes. The test by papers is, how- 
ever, more precise. 

A process of neutralization, quite the same in principle, may be 
adopted for the purpose of estimating the strength of acids^ but from 
circumstances it is not often used, and being easily comprehended from 
the above directions, claims no further notice here. 

The common mode of purifying pearl-ash consists in pouring upon it its 
weight of cold water, and stirring the mixture occasiondly during twenty- 
four hours ; the solution is then poured clear off the residuary salt, and 
evaporated to dryness. In this way much impurity is separated, ^e foreign 
salts being, with few exceptions, much less soluble than the alkaline ; 
yet some of them are taken up, and the silicated potassa which rough 
pearl-ash always contains, is also dissolved. The carbonate from tartar is 
more pure, but often contains lime. The purest carbonate is undoubtedly 
that obtained by exposing the crystallized bicarbonate to heat sufficient 
to expel its water and half of its carbonic acid ; the salt is then dissolved 
in water, which generally leaves some silica, that has been rendered inso- 
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luble by the exposure to heat. If the salt be fused, this silica combines 
with the potassa and expels a portion of carbonic acid, so that although 
a certain degree of heat is required to drive ofiF the excess of carbonic acid, 
and render the silica insoluble, too much heat causes it again to be taken 
up, and rendered soluble in water. With these precautions, upon evapo- 
rating the solution to dryness in a silver basin, a very pure carbonate of 
potassa is obtained. Carbonate of potassa is also obtained when two 
parts of powdered tartar (bitartrate of potassa) and one of nitrate of 
potassa, thoroughly mixed, are deflagrated in successive portions in an 
iron ladle or crucible. The residue (often called black flux) is lixiviated 
and evaporated as usual. Equal parts of nitre and tartar, treated in the 
same way, furnish white flux^ in which tlie whole of the charcoal is 
destroyed by combustion. These fluxes are of much use in certain metal- 
lurgical operations, contributing to the fusibility of refractory earthy 
compounds. 

Bicarbonate op Potassa (P + s CCLTf)^ is formed by passing a current 
of carbonic acid into a solution of the carbonate. By evaporation at a 
very moderate heat, crystals are obtained in the form of four-sided 
prisms, with diedral summits. They are not deliquescent. Their 
primitive form and cleavage have been described by Mr. Levy in the Quar^ 
ierly Journal^ xv. 286, and by Mr. Brooke (Ann. of Phil.^ N.S., vi. 42.) 
llieir taste is only slightly alkaline, and they require for solution four 
parts of water, at 60°. Boiling water dissolves nearly its own weight of 
the crystals, but during the solution a portion of carbonic acid is evolved. 
Exposed to a red-heat, they evolve carbonic acid and water, and carbo- 
nate of potassa remains. This salt was first observed by Dr. Wollaston 
to contain exactly twice the quantity of carbonic acid existing in the 
carbonate. (Phil. Trans. 1808.) 

It contains, according to Berard, 9 per cent, of water. Crystallized 
bicarbonate of potassa, therefore, consists of 


Potassa . . 

1 

48 

47.58 

Berard. 

48.92 

Carbonic acid 

2 

44 

43.60 

42.01 

Water . . 

1 

9 

8.82 

9.07 


1 

101 

100.00 

100.00 


The analyses of this salt by Kirwan and Pelletier would indicate two 
atoms of water. 

It is generally stated that during the saturation of silicated carbonate 
of potassa with carbonic acid, the whole of the silica is precipitated ; but 
this is not the case ; and it will be found that during the crystallization 
of the salt, an additional deposition of silica ensues. When the crystals 
of bicarbonate have been redissolved, and a second time crystallized, the 
silica is excluded. 

In the London Pharmacopoeia^ the more expensive method of obtain- 
ing this salt by the action of carbonate of ammonia on carbonate of 
potassa is resorted to. 

The following proportions may be used for the preparation of bicar- 
bonate of potassa upon the large scale; 100 lbs. of purified carbonate of 
potassa are dissolved in 17 gallons of water, which, when saturated with 
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carbonic acid, yield from 35 to 40 lbs. of ciystallized bicarbonate; 50 lbs. 
of carbonate of potassa are then added to the mother-liquor, vrith a 
sufficient quantity of water to make up 17 gallons, and the operation 
repeated*. 

The carbonate and bicarbonate of potassa are both decomposed by 
lime, which depriyes them of carbonic acid ; hence the use of that earth 
in the process for obtaining pure pdassa. They are also decomposed by 
the greater number of acids, which unite with the alkali, the carbonic 
acid being expelled with effervescence. 

Sesquicabbonate of Potassa. When the solution of the bicarbonate 
is boiled until carbonic acid no longer escapes, it loses one-fourth of its 
acid, and on cooling, forms deliquescent crystals, insoluble in alcohol. 
The same salt is obtained by dissolving 100 parts of carbonate and 131 of 
bicarbonate of potassa in water. This salt was first mentioned by Ber- 
thollet in 1809 (Berzelius.) It is probably identical with that noticed by 
Dr. Thomson, (Princip. of Chetn.^ ii. 225,)^who states it to consist of 


Potassa . . . 

1 

48 


35.55 

Carbonic acid . 

li 

33 

• » 

24.45 

Water . . . 

6 

54 

• • 

40.00 


1 

135 


100.00 


Potassium aed Cyanogen. Potassium heated in cyanogen absorbs 
the gas with vivid ignition, and produces a yellowish-gray cyanuret of 
potassium^ {J)0 ^C(IT'\- U') which, by the actio n of water, becomes 
hydrocyanaie of potassa. (7?0+0) + (2Cfl57*+7l+A^ When cyanogen is 
passed into a solution of potassa, a liquid is obtained which, when the 
cyanogen is in excess, is brown and smells of the gas. This com- 
pound has been called cyanuret or cyanide of potassa. 

When animal substances, such as horn or dried blood, are calcined at 
a red-heat, with half their weight of carbonate of potassa, so long as a blue 
flickering flame bums upon the surfiEicc, and after the mass has cooled, 
if it be lixiviated with a small quantity of water, a solution of carbonate 
with cyanuret of potassium is obtained, which, when filtered, precipitated 
with acetate of Ume, again filtered, and mixed with alcohol, yields a 
precipitate of cyanuret of potassium. 

Cyanuret of potassium may also be obtained by heating dried or 
anhy^ous ferrocyanuret of potassium to redness in an iron bottle as long 
as it gives out gas : it is thus converted into carburet of iron and cyanuret 
of potassium; the latter should be dissolved in the smallest possible quon- 

* The pwnfied CwhmaJte qf Potassa of baryta, which causes a precipitate of 
the shops should be perfectly soluble in sulphate; collect, wash, and dry it; 100 
twice its weight of cold water. It often parts are equivalent to 74 of sulphate of 
contains «t7tca, sulphate of potassa^ ckbh potassa : to the second, add nitrate of 
ride of potcustum^ said, oarhonate lime, silver; 100 grains of the precipitate, 
To detect these, dissolve a hundred washed and dried at a dull red-heat, are 
grains in excess of nitric acid diluted equivalent to 52 of chloride of potassium: 
with eight parts of water ; the silica, if to the third, add oxalate of ammonia, 
any be present, remains undissolved, or and dry the edulcorated precipitate at a 
may be rendered'^ by evaporuv heat of 300” ; 100 parts are equal to 77 
tion : separate the solution into three 6f carbonate of lime, 
equal parts; to the first, add nitrate of 
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tity of cold water, rapidly filtered with as little exposure to air as possible, 
and evaporated to dryness in vacuo over a surface of sulphuric acid. 

Cyanuret of potassium should be carefully preserved out of the contact 
of air and water ; it may be fused without decomposition, and after fusion 
often crystallizes in cubes: its taste is pungent and alkaline, accompanied 
with the flavour of hydrocyanic acid. It is very soluble in water, and 
ver^ little soluble in absolute alcohol, so that the latter throws it down 
from its recent and cold aqueous solution: exposed to air it becomes 
moist and smells of hydrocyanic acid : it is very poisonous. Its solution 
is decomposed by the acids and by heat: the former resolve it into 
potassa and hydrocyanic acid: when heated its elements enter into new 
combinations producing ammonia, and carbonic and hydrocyanic acids. 

Cyanatb op Potassa (p0+0) + (sCflt7’+W+0) is obtained by care- 
fully heating a mixture of equal parts of dry ferrocyanuret of potassium, 
and peroxide of manganese to dull redness : when cold, the fused mass is 
powdered, and boiled in alcohol of 0.86, which dissolves the cyanate and 
deposits it on cooling. This salt is decomposed both by water and acids, 
which convert the cyanic acid into carbonic acid and ammonia (see p. 502). 
It crystallizes in small plates like chlorate of potassa; tastes like saltpetre; 
is anhydrous; and in close vessels excluded from air and moisture, may be 
fused without decomposition*. When fused with potassium it yields a 
mixtui^e of cyanuret of potassium and potassa; and with sulphur, a mixture 
of sulphocyanuret of potassium, sulphuret of potassium, and sulphate of 
potassa. Cyanate of potassa consists of 


Potassa . 

1 

48 

58.5 

Wohler. 

57.95 

Cyanic acid 

1 

34 

41.5 

42.05 


7 

82 

100.0 

100.00 


Sulphocyanuret of Potassium (po+7l4- 2Ca7*+ sS.) When 6 parts 
of dry ferrocyanuret of potassium, 5 of sulphur, and 1 of carbonate 
of potassa are well mixed in fine powder and exposed to nearly a red-heat, 
the mixture fuses and takes fire ; it should be stirred as long as it con- 
tinues to bum, and kept for a few minutes in fusion. The residue, 
digested in hot water and filtered, furnishes a solution, which, evaporated 
to dryness, affords sulphocyanuret of potassium; sulphuret of iron remains 
upon the filter. The sulphocyanuret may be purified by digestion in 
alcohol, which dissolves it, and leaves any carbonate of potassa that 
might have been mixed with it. The alcoholic solution when evaporated, 
leaves the pure salt, which, redissolved in water and concentrated by 
evaporation, yields prismatic crystals which are of a cooling, saline taste, 
deliquescent and anhydrous, being in form, taste, and ^sibility, very 
analogous to nitre. 

Whether, when dissolved in water, this salt is to be considered as 
sulphocjranate of potassa, is a question similar to that which applies to the 
andogous conversion of the chlorides into muriates, and of the sulphurets 
into hydrosulphates. Distilled with phosphoric acid, the sulphocyanic acid 
passes over, and phosphate of potassa remains in the retort. Its aqueous 
solution is a delicate test of the presence of peroxide of iron, which it 

* Wohler {Ann ds CAtm. et Phys.^ xx. 353, and xxvii. 196.) 
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throws down of a blood-red colour; and the solution of the sulpho- 
cyanuret often acquires a pinkish tinge from the presence of a trace 
of iron. 

Sulphocyanuret of potassium is a compound of 

Berzeliuf. 

Potassium . . 1 . . 40 . . 40.8 . . 40.33 

Sulphocyanogen 1 . . 58 . . 59.2 . . 59.67 

1 98 100.0 

Its ultimate constituents, therefore, are 
Potassium . . 1 . . 40 

Sulphur ... 2 . . 32 

Nitrogen ... 1 . . 14 

Carbon ... 2 . . 12 

1 98 100.0 

59 Su ^ Aoi^anic Add 

And assuming that, by the action 
of water, the potassium forms potassa, gg 

and sulphocyanogen sulphocyanic (or Sulphooy- 
rather hydrosulphocyanic) acid, then potaLwm 
the annexed diagram will represent 
the change. 

48 Potassa 

Seleniocyanuret of Potassium, {po -1-71+2 COLT + 2 Sd.) Berze- 
lius formed this salt by heating a mixture of ferrocyanuret of potassium 
and selenium, and washing the fused mixture : by evaporation, anhydrous 
crystals of the selmiocyanuret were obtained. 

Potassium and Boron. When boracic acid is reduced by fusion 
with potassium, a brown mass results, which evolves hydrogen in water; 
probably, however, only from adhering potassium. 

Borate of Potassa, (P + Ao',) is a salt which has been scarcely 
examined: it may be prepared by boiling boracic acid in solution of 
potassa, or by exposing a mixture of boracic acid and nitre to a bright 
red heat ; it Amishes by solution and evaporation quadrangular prisms, 
permanent in the air. It combines with excess of base to form a 
diborate, 

Borofluoride of Potassium is obtained, according to Berzelius, by 
adding fluoboric acid to a solution of fluoride of potassium : a gelatinous 
precipitate ensues, which, collected upon a filter, becomes opaque, and 
feels, whilst moist, like powdered starch. When dry, it has a bitterish 
taste : it .does not redden litmus. 100 parts of cold water only dissolve 
1.4 of this salt ; but it is more soluble in boiling water, and, as the solu- 
tion cools, it deposits it in small anhydrous crystals. It requires a high 
heat, long continued, for its decomposition, and is ultimately resolved 
into fluoboric gas and fluoride of potassium. 

The Salts of Potassium are soluble in water, and afibrd no preci- 
pitates with pure or carbonated alkalis. They produce a precipitate in 
solution of chloride of platinum. They are not changed by sulphuretted 
hydrogen, nor by ferrocyanuret of potassium. Added to sulphate of 
alumina, they enable it to crystallize, so as to form alum. The solution 



100.00 


40.8 

32.7 

14.3 

12.2 
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of potassa (and of most of its salts) is well characterized by the action 
of tartaric acid and of fluosilicic acid: a strong solution of tartaric 
acid added to a strong solution of potassa, causes no precipitate till 
the point of neutralization is Exceeded ; excess of the acid then produces 
a crystalline precipitate of bitartrate of potassa: when the solutions 
are dilute the precipitate is slowly formed, and the crystals more 
appat^nt : the precipitate is dissolved by the addition of muriatic, nitric, 
sulphuric, or oxalic acid, but not by tartaric, or by acetic acid. Solutions 
of carbonated and caustic potassa, soda, and ammonia, dissolve the 
precipitate with ease ; but the addition of a small quantity of a strong 
acid, reproduces it, and it is again dissolved by a greater quantity of the 
same acid. Fluosilicic acid produces a transparent gelatinous precipitate 
in solutions of potassa and of its salts, which is iridescent when it sub- 
sides, and dries into a white powder. Free muriatic acid renders it 
opalescent. An alcoholic solution of carbazotic. acid produces a yellow 
crystalline precipitate in solutions of potassa and its salts. The neutral 
soluble salts of potassa may for the most part be heated to redness 
without sufiFering decomposition, especially if air be excluded ; few of 
these are insoluble in water. In using the test of chloride of platinum 
to detect potash salts, the absence of ammoniacal salts must be pre- 
viously ascertained, as they generally produce analogous effects upon 
that reagent. 

§ 11. SODIUM. 

Sodium, (Natrium of the German chemists,) discovered by Sir II. Davy 
in 1808, was obtained from soda, by an operation analogous to that for 
procuring potassium from potassa, by the gun-barrel ; but the hydrate of 
soda is more difficult of decomposition than that of potassa, and the pro- 
duct of metal less certain and abundant: it may be facilitated, according to 
Thenard, by fusing the soda with a small proportion of potassa ; so that 
an alloy of sodium and potassium distils over, which may be decomposed 
by keeping it in an open vessel in oil of turpentine; the potassium 
combines with the oil, and the sodium remains pure and metallic. 

Sodium is soft, malleable, and easily sectile, and does not, like 
potassium, become brittle at 32^; but even at that low temperature 
several globules may be welded together by pressure. Its specific gravity, 
according to Davy, is 0.9348; according to Gay Lussac and Thenard, it 
is 0.972 at 59°. In colour it resembles silver, but instantly tarnishes on 
exposure to air. It softens at about 122° : it fuses at about 190°, and is 
volatile at a white heat. It bums when heated in contact with air, and 
requires the same cautions to preserve it as potassium. 

Sodium and Oxygen: Soda. The affinity of sodium for oxygen appears 
to be less than that of potassium. When sodium is thrown upon water, it 
produces violent action, but the metal does not in general inflame, unless 
the quantity of water be very small ; hydrogen is evolved, and a solution 
of soda is procured. By the quantity of hydrogen evolved, we leam that 
protoxide of sodiuniy or soda^ (50+0) or S, consists of about 74.6 
sodium, and 25.4 oxygen per cent. ; and, if it be considered as the prot- 
oxide, the number representing the metal will be 24 (23.3 Gmelin and 
Turner), and anhydrous soda \»ill consist of 
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sp 


Sodium . 

. . 1 

24 

75 

Davy. 

. . 74.6 

Oxygen . 

. . 1 

. . 8 . • 

25 

. . 26.4 


T 


100 

100.0 


Peroxide op Sodium, (SO + 1 J 0.) By heating sodium in oxygen, 
it bums vividly, and a yellowish-green peroxide is formed, which, by the 
action of water, evolves oxygen, (as is the case with peroxide of potas- 
sium,) and produces a solution of the protoxide. Peroxide of sodium is 
composed, according to Davy, of 

Sodium . . 1 . . 24 . . 66.7 

Oxygen . . . . 12 . • 33.3 

T "36 100.0 

Anhydrous oxide of sodium is obtained in the same way as anhy- 
drous potassa, and resembles it in appearance, but is less fusible and less 
volatile. 

Hydrate op Soda or Caustic Soda (8+^^) as it usually occurs in 
the laboratories, is obtained from the carbonate^ by the action of lime 
and alcohol, as described under the head Potassa. Its colour is grayish- 
white; its specific gravity is 2.0 (Dalton) ; it requires a red heat for fusion ; 
and when intensely heated upon charcoal, as by the oxyp;en or oxyhy- 
drogen blowpipe, it evaporates and tinges the flame violet. It has the 
same general characters as hydrate of potassa: like it, it retains water at 
a red heat, and is deprived of it by the same means. It consists of 

Davy. 

Soda ... 1 . . 32 . . 78.1 . . 77.1 

Water ... 1 . . 9 . . 21.9 . . 22.9 

1 41 100.0 100.0 

Like potassa, it may be obtained in crystals from its concentrated aqueous 
fiK>lution, containing a larger relative quantity of water. 

KjiThe following Table by Dalton shows the proportion of anhydrous 
soda in solutions of different specific gravities : — 


Specific gravity 
of solution. 

1.86 . 


Dry Soda per cent, 
by weight. 

. . 63.6 .... 

Boiling 

point. 

. 600“ 

1.72 

. • 

. 53.8 ..... 

400 

1.63 . 

. 

• . 46.6 .... 

. 300 

1.56 

• • 

. 41.2 .... 

280 

1.50 . 

. • 

. . 36.8 .... 

. 265 

1.47 

. . 

. 34.0 .... 

255 

1.44 . 

. • 

. . 31.0 .... 

. 248 

1.40 

. . 

. 29.0 . . a a 

242 

1.36 . 

• . 

. . 26.0 .... 

. 235 

1.32 

» • 

. 23.0 *. . a . 

228 

1.29 . 

• • 

. a 19.0 .... 

. 224 

1.23 

a . 

. 16.0 .... 

230 

1.18 . 

. a 

. . 13.0 a . • • 

. 217 

1.12 

. a 

. 9.0 «... 

214 

1.06 . 

. . 

a . 4.7 » • • • 

. 213 


Soda is distinguished from potassa, by forming an paste 

when exposed to the atmosphere : potassa, under the same circumstances, 
deliquesces. If excess of tartaric add be added to a solution of soda, 
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there is no precipitation ; but in solution of potassa it occasions a deposit 
of a number of minute crystals.^ Solution of soda occasions no preci- 
pitate when added to solution of chloride of platinum. Solution of 
potassa occasions a yellow precipitate in solution of platinum. In com- 
bination with acids it produces a perfectly distinct class of salts, and its 
afidnity^for the acids is a little inferior to that of potassa. 

Chloride of Sodium. (SO+C.) Sodium, when heated in chlorine, 
hums vividly, and produces a white compound, of a pure saline flavour. 
It has all the properties of common salt or muriate of soda^ and consists of 


Sodium 
Chlorine . 

. . 1 . . 

. 1 . . 

24 

36 

. . 40 . 

. . 60 . 

Ute.-' 

. 39.98 

. 60.02 


1 

60 

100 

100.00 


Chloride of sodium is decomposed when heated with potassium; 
sodium and chloride of potassium are the results. 

When hydrate of soda is heated in chlorine, oxygen and water are 
evolved, and chloride of sodium formed ; when heated in muriatic acid 
gas, the water of the hydrate is first expelled, and then the oxygen of 
the soda combines with the hydrogen of the muriatic acid to form water, 
and the sodium and chlorine unite to form the chloride. 

Common salt exists abundantly in nature both as a solid fossil, and 
dissolved in spring water, and in the ocean. Extensive beds of it are 
found in Cheshire, where it is known under the name of rock-^salL 
From these sources the immense demands are supplied ; that is, either 
by evaporating brine-springs, or sea-water, or quarrying it from the mine. 

AVhen heated, chloride of sodium falls into pieces with a crackling 
noise, or decrepitates. At a red heat it fuses without undergoing any 
decomposition, and on cooling concretes into a hard white mass ; at a 
bright-red heat it slowly sublimes, and tinges flame of a beautiful Uue 
colour. It is very nearly insoluble in absolute alcohol. In the solubmty 
of common salt in water, there is this peculiarity, that it is taken up 
nearly in the same proportion by cold and by hot water; so that, 
although its solution deposits crys^s during evaporation, it does not do 
so by cooling. According to Berzelius, 1 part of salt dissolves in 2f^ of 
water at 60^, and in of water at 212^. According to Gay Lussac, 
100 parts of water at 58^ dissolve 36 of salt ; at 140°, 37 parts ; and at 
225°, which is the boiling-point of a saturated solution, 100 parts of 
water dissolve 40.38. At 32° water dissolves rather more than at 60° 
When pure, chloride of sodium does not alter by exposure to air, though it 
is generally more or less deliquescent, from containing chlorides of mag- 
nesium and of calcium : obtained by slow or spontaneous evaporation, it 
crystallizes in solid cubes ; but when procured, as is usually the case, at a 
boiling heat, by removing its ciystaU from the surface of its solution 
whilst evaporating, it exhibits the form of a hollow quadrilateral pyramid. 
These crystals are all anhydrous, though they often include a little 
iuterstitid water. A concise account of the difierent methods of manu- 
facturing salt will be found in Aikin's Dictionary^ Art. Muriate of Soda. 
Dr. Heniy states (JPhiL Trans. 1810) that the various forms under 
which salt is known in commerce, such as bay-salt^ JUhery-saU^ &c.^ 
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arise from modifications in the size and hardness of the gmin, and 
not from any essential difference of composition. The following table 
includes his general results : — 


1 1000 Parts by Weight consist of 

r 

Kind of Salt. 

Infloluble 

Matter. 

Muriate of 
Lime. 

II 

Total Earthy 
Muriates. 

Sulph. of 
Lime. 

Sulph. of 
Magnesia. 

Total 

Sulphates. 

Total 

impurity 

% 

S- , fSt. Ube’s . 

9 

trace 

3 

3 

23A 

44 

28 

40 

960 

“ '3 < St. Martin’s . 

12 

do. 


34 

19 

6 

26 

40| 

9594 

loieron . , 

10 

do. 

2 

2 

194 

44 

174 

44 

23| 

.361 

9644 

* i; f Scotch (common) 

5 S 1 Scotch (Sunday) . 

2 1 Lymington (com.) 

'Ditto (cat) . 

4 

1 

■— 

HI 

28 

114 

16 

12 

324 

164 

64^ 

29 

9364 

971 

2 

— 

11 

11 

16 

35 

■jlH 

63 

937 

1 

— 

5 

5 

1 

6 

6 

12 

EI9 

p /Crushed rock . 
Fishery 
{Common . 

10 

BS3 

®*fi 

0.4 

64 

— 

64 

lei 

9834 

1 

IlHI 


1 

Hi 


Hi 

134 

986 

1 

EM 

1 

144 

— 

144 

164 


^ (Stoved . 

1 

mm\ 

e9i 

1 

164 

— 

154 

174 

Di 


diloride of sodium is decomposed by moist carbonate of potassa, 
and chloride of potassium and carbonate of soda are the results. 
(Westrumb in English translation of CrelVs Journal^ ii., 127.) In the 
common process for obtaining muriatic acid it is decomposed by sulphuric 
acid. In this decomposition there is a transfer of the oxygen contained 
in the water of the sulphuric acid to the sodium of the salt, the chlorine 
of which combines with the hydrogen of the water to produce muriatic 
acid gas. The oxide of sodium unites with the dry sulphuric acid to 
produce sulphate of soda. It is also decomposed by nitric acid. When 
chloride of sodium and ferruginous clay are heated together, the silica 
and alumina of the clay are vitrified by the soda of the salt, and its 
chlorine combines with the iron ; it is upon this principle that it is used 
as a glaze for stonenfare, being thrown into the furnaces or ovens in 
which the articles are baked, it is volatilized and decomposed upon 
their sur&ces. 

Common salt is of most extensive use as a preservative of food, and 
as a condiment, as a source of soda and of muriatic acid and chlorine, and 
for various agricultural and horticultural purposes. {Quarterly Journal^ 
X., 52.) Glauber first obtained muriatic acid from it, jand the existence 
of soda in it was first shown by Duhamel. 

Chloride of soda or Chlorite of Soda is formed by passing 
chlorine into a cold and dilute solution of caustic soda^ or by decom- 
posing chloride of lime by carbonate of soda, as suggested by M. Payen 
\Ciuari, Jour. N'.S., i., 236). It is pow4|ially bleaching and smells of 
chlorine : exposed to air it absorbs carbonic acid and evolves chlorine, 
hence it may be used as a disinfectant (see carbonate of soda). When 
heated, it undergoes changes similar to those produced by passing 
chlorine into a strong solution of soda, that is, chlorate of soda and 
chloride of sodium are formed. 
















FLUORI^^E OF SODIUM. 


575 

Chlorate OF Soda (S+C^ was procured by Mr. Clicnevix (P/«7. 
Truns.^ 1802,) by the same process as chlorate of potassa, but not 
possessing less solubility than chloride of sodium, the two substances arc 
difficultly separable. Vanquelin obtained it by saturating chloric acid 
with soda. Its crystals resemble those of chlorate of potassa ; its taste 
is also nearly similar. It dissolves in three parts of cold water, and in 
flomewhat less at 212°. It is more soluble in alcohol than chloride of 
sodium ; hence that solvent is sometimes used to separate the two com- 
pounds. It is slightly deliquescent in very damp weather. 

Sodium and Iodine act upon each other with the same phenomena as 
potassium, and an iodide of sodium ($0+^) is obtained. It may also be 
formed by adding iodine to a solution of caustic soda and evaporating to 
dryness (as for iodide of potassium). It is contained in the mother- 
liquor of kelp, in the ashes of burned sponge, &c., and in those cases is 
resorted to as a source of iodine, and is decomposed by sulphuric acid 
and oxide of manganese (sec p. 340). The %driodic acid and soda 
produce a deliquescent salt, which crystallizes in flat rhomboidal prisms; 
when heated it fuses, and loses its water of crystallization. The residue 
is iodide of sodium. When intensely heated it })ecomes slightly alkaline, 
and is volatilized. 100 parts of water at 60° dissolve 173 of this 
iodide. It is also soluble in alcohol. 

loDATB OF Soda (S0-|-0) + (2+ sO) or (8+2^ is made by dissolving 
iodine in solution of soda ; a white compound forms, which is the iodate 
with a portion of iodide of sodium ; the latter may be removed by 
iilcohol, which does not dissolve the iodate. 100 parts of wmter at 
60° dissolve 7-3 of this salt. It forms small prismatic tufted crystals, 
which, when heated, afford oxygen and iodide of sodium. (Gay Lussac, 
Ann. de Chim.^ xci.) 

Sodium and Bromine act upon each other with much intensity, and 
the resulting bromide of sodium ($0+6) is a fusible compound, soluble 
in water, and ciystallizing at 86° in anhydrous cubes, but at lower tem- 
peratures in hexagonal tables, containing 26.37 p^i^ cent, of water. The 


anhi/drous bromide consists of 
Sodium . . 1 


24 

23.55 

Bromine . . 1 


78 

76.45 

1 


102 

100.00 

And the hexagonal hydrate of 
Anhydrous bromide . . 

1 

. . 102 

Mitschcrlicli. 

. . 73.63 

Water 

4 

. . 36 

. . 26.37 


— 

— 



1 

136 

100.00 


When bromine acts upon solution of soda, bromide of sodium and' 
br(mate of soda (S+6/) are the results. 

Sodium and Fluorine : Fillh)RiD£ op Sodium ($0+Jr ) is obtained 
by saturating hydrofluoric acid with soda, and evaporating to dryness ; a 
white and difficultly-fusible compound results, the aqueous solution of 
which, when pure, furnishes cubical crystals, and acts upon glass. 100 
parts of water dissolve 4 of this fluoride, and it is not more soluble in 
hot than in cold water. It may also be obtained by mixing 10 parts of 
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olico fluoride of sodium \vith 11.2 of dry carbonate of soda and suffi- 
cient water to form a thin paste, which, whenhoiled, evolves carbonic 
acid, and concretes. When cold, it must be powdered and boiled with 
more water as lo]|g as it effervesces ; then filtered and evaporated (in 
silver, as it acts on gfltss) flll it crystallizes ; the crystals must be redis- 
solved and formed, in order to sepa^te adhering silica. During 

the formation of the crystals by slow evaporation, they exhibit the same 
luminous appearance as sulphate of potassa. When they retain any 
carbonate of soda, they are octoedral, but when pure, always cubic. 
They are insoluble in alcohol. Berzelius obtained a crystallizable com- 
pound of this salt with hydrofluoric acid. Fluoride of sodium consists of 

Sodium ... 1 . . 24 . . 57.2 

Fluorine ... 1 . . 18 . . 42.8 

T 42 lOM 


Nitrate of Soda. (S0+0)-f(7l+ sO) or (S+Tl')* The cubic 
nitre of old writers. This salt crystallizes in rhombs (Brooke, Ann. Phil,^ 
2nd series, v., 452), soluble in .3 parts of water at 60° and in less than 
its weight at 212°*. It has a cool sharp flavour, and is somewhat 
deliquescent, and therefore unfit for the manufacture of gunpowder. 
Berzelius found a mixture of 6 nitrate of soda, 1 charcoal, and 1 sulphur, 
to bum three times more slowly than a similar mixture with nitrate of 
potassa : its flame is orange-coloured, ft is often found in crude nitre, 
resulting partly from the decomposition of common salt. Large quan- 
tities of native nitrate of soda have been discovered in Peru, forming a 
stratum covered with clay and alluvium of many miles in extent, aifd it 
now forms a considerable article of trade. It may be employed in fire- 
works, and used as a substitute for nitre (it being cheaper) in the manu- 
facture' of nitric acid, of sulphuric acid, and other cases in which large 
quantities of nitre are consumed. It is too expensive as a source of soda. 
Nitrate of soda is anhydrous, and consists of 

Wenzel. 

Soda .... 1 . . 32 . . 37.2 . . 37.6 

Nitric acid . . 1 54 . . 62.8 . . 62.5 

1 86 100.0 100.0 


^ Sopfeji AND Ammonia. When sodium is heated in ammoniacal gas, 
bydrogjPis^ disengaged, and an olive-coloured fusible substance formed, 
composed, according to Gay Lussac and Thenard, of 100 sodium + 11.7 
. tulSPgen. No analogous substance can be obtained by heating potassium 
^vysamre nitrogen gas. ft 

^^DiUM AND Sulphur. The accQtmt of the action of sulphur ..on 


' Jbis is the usuld statement in , 
chemi^l works, ^t nittat^ of soda is 
certainly moxMMulib. Berzelius says 
that one paxtajUstolves in two of water 
at 60% and (Sfly Lussac (jCours de Chimie, 
Paris, 1828) asserts that 100 parts of 
water at 32% dissolve 73 parts; ttnd at 
212% 173 

Its solubility, as oiven unon theautho* 


rity of Marx, (Thomson’s System^ ii, 448,) 
is as follows:— ^ 

100 of water at 32* dissolve 80. 

50 - 21.7 

. a - 61 . 55. 

- ' 246 . 218.5 

So that according to this account, its 
solubility at 32* is more than three 
times fireater than at AO*. 
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potassium and potassa, and of sulphuretted hydrogen upon solution of 
the alkali, applies generally to sodium and soda, and their corresponding 
compounds. Sodium and sulphur combine when gently lieatcd, with 
vivid ignition, and form a sulphurei of sodium (SO+^, And the same 
compound may be obtained by the decomposiflon of sulphate of soda by 
hydrogen or by charcoal. Sulphuret of sodium is composed of 

4 Sodium . . 1 . . 24 . . 60 

Sulphur . . 1 . . 16 . . 40 

1 / 40 100 

Bisulpiiurbt of Sodium (SO+sS) is similarly constituted to the 
<'orresponding compound of potasslium. 

A concentrated aqueous solution of sulphuret of sodium yields 
square prismatic crystals of hydrosulphurci of soda^ which, when heated, 
fuse in their water of crystallization and leave a white anhydrous salt. 
The solution^ exposed to air, rapidly absorbs oxygen, and becomes a 
hyposulphite. 

The hydrosulphurets of soda derive <*ome additional interest as being 
produced, upon the large scale, in the principal processes for obtaining 
soda by the decomposition of the sulphate of soda, as will presentl\ be 
stated. 

Hyposulphite of Soda (S+|) is formed as hyposulphite of potassa. 
It is crystallizable in transpareni; four-sided prisms, deliquescent, of an 
intensely bitter taste, and insoluble in alcohol. Its aqueous solution 
readily dissolves moist chloride of silver. When heated, it fuses, then 
dries, and afterwards takes fire. 

Sulphite op Soda (S+S) is crystallizable in transparent four and 
.six-sided prisms, soluble in four parts of water at 60°. It consists of 
Tii soda + 32 sulphurous acid = 64. The crystals contain twelve 
proportionals of water £=; 108. There is also a crystallizable bisulphite 
<f soda. ^ 

Hyposulphatb op Soda (S+^O Utay be obtained by decomposing 
hyposulphate of baryta by sulphate of soda: it forms transparent crystals 
of a peculiar bitterish taste, soluble in 2.1 of water at OO'^, and in 1.1 at 
212°. According to Heeren they contain 


Soda 

1 

32 

26.25 

Hyposulphuric acid . 

1 

72 

58.85 

Water 

2 

18 

14.90 


1 

122 

100.00 


Sulphate op Soda (S+S/): Glauber's Salt; Sal Mirabil^Js 
aluindantly produced in the manj^acture of muriatic acid, and of chlori^, 
by thd action of sulphuric acid upon common salt (page 331). Com- ^ 
mon salt consists of 24 sodium + 36 chlorine. Sulphuric acid 6Pnsists< 
of 40 dry acid + 9 water. The water of the acid, CQpsisting of 1 hydro- 
gen 4- 8 oxygen, is decomposed. Its hydrogen is trantferred to the 
chlorine to produce gaseous muriatic acid (1 hydrogen + m chlorine c= 
37 Mur. A.), and its oxygen imites to the sodium, forming dry soda (8 
oxygen + 24 sodium = 32 soda). The 40 dry sulphuric acid unite to 
the 32 soda, to produce sulphate of soda, which will be represented by 
the numbcr^72. 
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This decomposition is 
perhaps more clearly shown 
in the annexed diagram*: — 


Common 

Sai.t 

60 


Muriafk Add 
37 




Chlfuitio. 

86 

Hydrogun 

Soilium 

Oxyuen I 

24 

8 


J 


Water 

9 


Soda 

32 


Siilphiiiiti 
Acid . 
40 


Liqtmd 

SUI.FHUKIC 

ACII) 

49 


Su/phate of Suda 
72 


Sulphate of soda is also a natural product, and occurs in many mineral 
waters ; it may be formed by saturating dilute sulphuric acid with carbonate 
0 ^ soda, and evaporating the solution. It crystallizes from its aqueous 
solution in large prisms, transparent, and efflorescent when exposed to 
air. The primary crystal is an oblique rhombic prism. Exposed to dry 
air, the crystals part with between 60 and 60 per cent, of water. 

The anhydrous salt, as above stated, is composed of 

Wenzel. 

Soda . . 1 . . 32 . . 44.5 . . 44.3 

Sulphuric acid .1 . . 40 . . 55.5 . . 55.7 

1 72 100.0 100.0 


And the ordinary crystals consist of 

Wenzel. 

Dry sulphate of soda . 1 . . 72 . . 44.4 . . 44.8 

Water . . 10 . . 90 . . 55.6 . . 55.2 

1 162 100.0 100.0 

The taste of sulphate of soda is saline and somewhat bitter: it is 
soluble in rather less than three times its weight of water at 60°, and 
insoluble in alcohol. The solubility of sulphate of soda in water follows 
a singular law, first observed by (Jay Lussac. {Ann. de Chim. et Pkys.^ 
xi.) After having increased rapidly to about the temperature of 92°, 
where it is at its maximum, it diminishes to 215°, and at that tem- 
perature the salt is nearly of the same solubility as at 87°. 

At 32** 100 parts of water dissolve about 5. of anhydrous and 12. of crystallized salt. 


50 




10, 


26. 

^60 




11. 

m m m 

31. 

70 




16. 


48. 

77 


m m 


28. 


99. 

87 




43. 


215. 

92 




50. 


322. 

104 




48. 


291. 

122 

- 



46. 


262. 


* The original substances are printed in capitals, the products in italics, and the 
components in common type. 
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When sulphate of soda is dissolved iii its weight of boiling water, 
and a flask filled with it and tightly corked up, no crystallization 
generally ensues; but ujpon opening the flask it either immediately 
crystallizes, or does so upon touching the solution with a solid body. 
This experiment has already been referred to (p. 112). It sometimes, 
however, happens that a portion of the salt does crystallize, forming 
quadrangular crystals, which become opaque on exposure, and which, 
for sulphate of soda, are peculiarly hard; Mr. Faraday found these com- 
posed of 

Dry sulphate of soda 1 . . 72 . . 50 

Water . . 8 . . 72 . . 50 

1 144 100 

If a solution of sulphate of soda, saturated at 91.5^, is evaporated at 
a higher temperature, opaque prisms of anhydrous sulphate soda are 
deposited, the primary fonn of which is a rhombic octoedron. Its specific 
gravity in this state is 2.462. (Haidinger.) 

When exposed to heat, sulphate of soda undergoes watery fusion; that 
is, it melts in its water of crystallization, and a portion of anhydrous salt 
is deposited: when the water has evaporated, the residue may be raised 
to a high heat, '^vithout undergoing decomposition. At a red-heat it fuses. 
The salt which has been deprived of its water by heat has an acrid taste, 
and produces a sense of heat upon the tongue in consequence of its 
absorbing water, which it does with great avidity. 

Gay Lussac obtained a powerful pyrophorus, by igniting a mixture of 
Lamp-black and dry sulphate of soda, analogous to that mentioned under 
Sulphate of Potassa. (Quarterly Journal^ iv., 208.) 

Sulphate of soda is sometimes decomposed for the purpose of ob- 
taining soda, by igniting it with chalk and charcoal, or with iron and 
charcoal, and various economical means have been proposed for obtaining 
sulphate of soda for the purpose : such as calcining a mixture of common 
salt, sulphate of lime, and charcoal ; or a mixture of common salt and 
green vitriol ; or by roasting, in a proper furnace, 100 parts of finely- 
powdered pyrites (bisulphuret of iron) with 40 of common salt, for sixty 
hours, find lixiviating the broivnish-red mass which results, and from 
which about 45 parts of crystals of sulphate of soda are obtained. The 
addition of carbonaceous matter accelerates the process and increases the 
product. The manufacturers of bleaching-powder furnish large supplies 
of sulphate of soda. (See Chloride of Lime.) It is also made expressly 
for the production of soda, by the action of sulphuric acid upon chloride of 
sodium, the evolved muriatic acid being suffered to go to waste. But in 
whatever way the sulphate of soda is obtained, the following are the 
processes for its decomposition. (See Aikin's Dictionary — ^Art. Muriate 
OF Soda.) 

1. Decomposition of Sulphate of Soda by the combined Action of 
Chalk and Charcoal. — ^Take 1000 lbs. of calcined sulphate of soda, and 
550 lbs. of charcoal, and mix the two ingredients accurately together by 
grinding; when the mixture appears complete, add by degrees 1000 lbs. of 
washed chalk, and continue the grinding till this also is mixed with the 
other materials. Now let a reverberatory furnace be lighted, and as soon 

2 p 2 
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as it is red-hot, let it be charged with 400 or 600 lbs. (more or less, 
according to the size of the furnace,) of the above mixture, and close the 
door. During the first part of the process, while the materials are yet 
pulverulent, the flame must be kept as gentle as possible, lest it should 
carry port of the powder up the chimney ; but as soon as the matter 
begins to clot, the flame may be increased. At this time the mass must 
be carefully worked about with an iron rake, in order to expose fresh 
surfaces to the action of the flame. When the whole has acquired a 
pasty consistence, jets of inflamed sulphuretted hydrogen will be perceived 
to issue from every part, accompanied by a moderate but veiy perceptible 
explosion and effervescence; and during the whole of this stage of the 
process the rake must be used very vigorously, in order to expedite the 
disengagement of the gas. When the jets of flame cease, and the matter 
becomes nearly fluid, the rake may be withdrawn, and a bar of cold iron 
is to be introduced from time to time, in order to judge of the progress of 
the operation by the sample that adheres to the end of it: if this cracks 
as it grows cold, and presents an uniform granular texture, the heat has 
been continued long enough, and the matter must then be speedily with- 
drawn, lest it should be fretted by the further action of the fire. The 
flame being accordingly turned off for a few minutes, the mass returns to 
a pasty consistence, and is withdrawn from the furnace by means of the 
rake. As soon as it becomes solid by cooling, it is to be broken into 
moderate-sized pieces, and kept for some days in a damp cellar, where it 
ifllbibes a considerable quantity of water and carbonic acid, falls to powder, 
and at the same time parts almost entirely with the sulphuretted hydrogen, 
to which its hepatic smell and flavour, when recent, arc owing. It may 
now be brought to market, without any further preparation; or the 
alkaline part may be extracted and sold separately. 

In order to separate the alkaline from the earthy part, lixiviation with 
cold water must be had recourse to: the clear liquor by evaporation to a 
pellicle, and subsequent cooling, deposits crystals of carbonated soda; and 
the mother-water, consisting chiefly of semicaustic soda, must be boiled 
down to dryness, and afterwards calcined till it is as white as pearlash, in 
which state it is well fitted for the glass-makers. 

600 lbs. of raw materials treated as above described, afford 276 lbs. of 
rough soda, of which 100 lbs. yield by lixiviation 37 lbs. 8 oz. of crystal- 
lized carbonate and 23 lbs. 2 oz. of dry semicaustic soda, with a small 
admixture of sulphuret of lime, and of other salts accidentally contained 
in the original sulphate. 

2. Decomposition op Sulphate op Soda by means op Iron and Charcoal. 

Take 200 lbs. calcined sulpliate of soda. 

40 powdered charcoal. 

> 05 clippings of iron plate or old iron. 

22 charco^, in the state of small coal. 

327 lbs. 

Having mixed the sulphate of soda with the powdered charcoal, let it 
* be introduced into the reverberatory furnace, and treated for the first 
hour exactly as described in the foregoing process; then bring the mix- 
ture to complete fusion, and add 40 lbs. of the clippings, stirring the 
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materials' well at the same time with an iron rake, in order to mix them 
more completely. In a short time after, the matter, which was at first 
quite fluids will become pasty, accompanied with much foaming and 
boiling, till the clippings are dissolved. As soon as this takes place, 
16 lbs. of small coal must be stirred in, which will immediately excite the 
disengagement of sulphuretted hydrogen mentioned in the former process. 
When this appearance begins to slacken, the remaining 25 lbs. of clippings 
and 6 lbs. of small coal are to be added in succession, and the stirring is 
to be diligently continued till the jets of inflamed gas almost cease. 
When this happens, the matter still fluid is t# be run into moulds of sand, 
where it solidifies. 

The rough soda thus prepared weighs 215 lbs., is of a blackish-brown 
colour, which becomes still darker by the contact of the air : when broken 
it has a kind of metallic lustre, and a close striated texture. To the taste 
it is caustic and hepatic. By exposure to a moist atmosphere it becomes 
covered with a yellow efflorescence, and quickly falls to powder, with a 
considerable disengagement of heat and sulphuretted hydrogen ; at the 
same time it absorbs carbonic acid and water, so as to increase in weight, 
by an exposure of about twenty days, in the proportion of 5 to 8. 

From the 215 lbs. of rough soda thus obtained, and increased by 
absorption of air and moisture to 344 lbs., may be obtained, by lixiviation 
and crystallization, 152 lbs. of carbonated soda ; and the uncrystallizable 
mother- water will afibrd by evaporation about 47 lbs. of semicaustic soda, 
mixed with a little charcoal, sulphuret of iron, and other impuritieH. 
The insoluble residue weighs about 185 lbs., and is sulphuret of iron, 
with a little charcoal, in a state highly ’ favourable for vitriolization. 
(See also Dumas' Chimie appliquce mix Arts,) 

Bisulpuate of Soda (S+2 is obtained by adding sulphuric acid 
to a hot solution of sulphate of soda. It crystallizes in rhombic prisms, 
soluble in twice their weight of water at 60°, and containing water of 
crystallization. (Link, Crell's Annals, 1796.) When a crystal of bi- 
sulphate of soda is held in the can^e, it melts like ice. This salt 
liquefies at 300°, and may be kept at that temperature without much loss 
of weight. Its specific gravity is 1.8 at 60°. 100 of water dissolves 

92.72 of this salt, so that it is more than twice as soluble as sulphate of 
soda. Its taste is very acid. (Thomson, Ann. Phil., x., 439, 2nd series.) 
An anhydrous hisulphate of soda may be obtained by gently heating 
together in a platinum crucible 10 parts of dry sulphate of soda and 7 of 
sulphuric acid (specific gravity 1.8.5) ; the water of the acid escapes, and 
the residue may then be fused ; it furnishes a very soluble but not a deli- 
quescent salt, which, when distilled at a high temperature, afibrds anhy^^ 
drous sulphuric acid. Anhydrous bisulphate of soda consists of 


Soda . . 1 

32 

28.55 

Sulphuric acid . 2 

30 

71.45 

1 

112 

100.00 

The crystallized bisulphate of soda contains 


Soda . . 1 

32 

21.62 

Sulphuric acid . 2 

80 

54.03 

Water . 4 

36 

24.35 ; 

1 

148 

100.00 
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Sesquisulpuate of Soda. (S + l^S^) According to Thomson (Ann. 
of Pkil.^ 2nd. series, x. 436,) this salt is obtained when the residue after 
the decomposition of common salt by sulphuric acid in excess is dissolved 
in hot- water and set aside; it usually forms the first crop of crystals; 
they are transparent prisms, firmer and harder than the common sulphate, 
of an acid taste, but neither deliquescent nor efflorescent. Their specific 
gravity is 2.226, at 63°. 100 of water dissolve 26 of this salt. When 
water saturated with it is set aside, crystals of the common sulphate are 
formed : it loses but little weight even at a red-heat: it is anhydrous and 
consists of 


Soda 

1 

32 

34.98 

Sulphuric acid . 

li . 

. ' eo 

95.32 


1 

92 

100.00 


Ammonio-sulphate op Soda (S + A-fa S',) is a double salt, formed 
by saturating the bisulphate with ammonia, (Link, Crell's Annals^ 
1796, i.) or, by dissolving the two sulphates in atomic proportions and 
crystallizing : it yields transparent prisms with rhombic bases, of a bitter 
taste. It consists of 


Sulphate of Soda 

1 

72 

39.25 

Sulphate of Ammonia . 

1 

67 

31.18 

Water 

6 

54 

29.57 


1 

183 

100.00 

Sodium and Selenium. 

The seleniuret of sodium 

has not been 


examined. Selenite of soda is very soluble and difficultly crystallizable. 
It tastes like borax. It is insoluble in alcohol, and not deliquescent. 
Biselenite of soda is also very soluble : its solution when evaporated to 
the consistence of syrup forms clusters of radiated crystals. At a red- 
heat it fuses and gives off acid so as to become neutral. Quadri-selenite 
of soda yields radiated crystals by spontaneous evaporation. (Berzelius.) 
Seleniate of soda may be obtained by detonating a mixture of selenium 
and nitrate of soda. It is isomorphous with sulphate of soda. 

Phosphuret of Sodium (SO +p) possesses the general properties of 
the corresponding compound of potassium. 

Hypophosphite of Soda (S-f^) is very soluble both in alcohol and 
water. (Ann. de Chim et Phys. ii. 142.) It may be obtained by mixing 
hypophosphite of lime with a slight excess of carbonate of soda, filtering, 
evaporating to dryness, and digesting in alcohol, which dissolves the 
hypophosphite, and which by very careful evaporation may be obtained 
in prismatic crystals. 

Phosphite of Soda (S+jJ) forms rhombic crystals, very soluble in 
water and alcohol. (Dulong.) 

Soda and Phosphoric Acid. There is considerable difference of 
opinion as to the number and composition of the phosphates of soda. The 
salt commonly t&rmei phosphate ^ioda^ or rhombic phosphate^ (the sal per-- 
latum of some old writers) is obtained by saturating the impure phosphoric 
acid, prepared from calcined bones by sulphuric acid (see Phosphorus% with 
carbonate of soda: the liquor is filtered, evaporated, and set aside to crys- 
tallize. The crystals form most readily in an alkaline solution : they are 
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oblique rbombic prisms, (Brooke, Ann. of Phil.^ 2nd series, vi. 286,) 
always alkaline to test paper, efflorescent, and soluble in about 4 parts of 
cold and 2 of hot-water. This salt has a slightly saline and alkaline 
flavour, and has been used.in medicine as an aperient under the name of 
tasteless purging salt. Its concentrated aqueous solution often deposits 
silky crystals, but they are of the same composition as the otlier form. 
TBe crystals when heated, fuse in their water of crystallization, and the 
salt afterwards runs into a clear glass, which becomes opaque on cooling : 
in this state it has the peculiarities of a pyrophosphate. Dr. Turner, upon 
the authority of Mr. Graham, {Phil, Tvans,^ 1833,) calls this salt Tri- 
phosphate (f soda with basic wateVy but the analyses of Berzelius and 
Mitscherlich, represent it, in its anhydrous state, as composed of 




Derzeliiis. 

Miigclierlicli 

Soda ... 1 . . 32 . 

. 47 

. . 46.52 . 

. 47.37 

Phosphoric acid 1 . . 36 . 

. 53 

. . 53.48 . 

. 52.63 

1 68 

100 

100.00 

100.00 

And in its ordinary crystalline form 

, as containing 





DorzBliiig. 

Soda . . . 1 

32 

18.2 

17.67 

Phosphoric acid . 1 

36 

20.5 

20.33 

Water . . . 12 

108 

61.3 

62.00 

1 

176 

100.0 

100.00 

When a solution of this phosphate is 

evaporated at 

a temperature 


of 90°, it crystallizes according to Mr. Clarke, (Brewster’s Journaly vii., 
311,) in a modified form with only 8 atoms of water. 

Pyrophosphate op Soda, When the above phosphate of soda 
is heated to redness, so as to expel its water, and again dissolved and 
crystallized, it acquires a new crystalline form (Haidinger, Brewster's 
Journaly vii., 314), and now, instead of precipitating nitrate of silver 
yellow, as the former salt does, it throws it down white, the former 
being a subphosphate, the latter, a neutral phosphate of that metal. (See 
pyrophosphoric acid, p. 445.) According to Clarke, it consists in this state 
of 1 atom of anhydrous phosphate and 10 atoms of water. 

Biphosphate of Soda. When phosphoric acid is added to a solution 
of rhombic phosphate of soda till it ceases to precipitate chloride of 
barium, it yields on evaporation, very soluble crystals of an acid taste. 
They are generally in the form of right rhombic prisms, but sometimes 
in rectangular octoedra. They consist of 


Soda . . . 

.1 

. .• 32 

22.85 

Phosphoric acid . . 

2 

72 

51.40 

Water . . . 

4 

36 

25.75 


I 

140 

100.00 


Ammonio-phosphatb of Soda exists in human urine, whence it was 
procured by the early chemists under the names of microcosmic and fusible 
salt. It may be formed by dissolving 5 parts of crystallized phosphate of 
soda with 2 of crystallized phosphate of ammonia, and evaporating. It 
forms transparent prismatic crystals, which are very fusible, and at a red- 
heat lose water and ammonia, and leave biphosphate of soda, in the form 
of a transparent glass. They consist, according to Mitscherlich, of 
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Soda 

1 

32 

ia.2 

Ammonia . 

1 

17 

8.0 

Phosphoric acid . 

2 

72 

34.1 

Water 

10 

90 

42.7 


1 

211 

100.0 


PoTAsso-PHosPHATE OF SoDA is obtained by saturating the excess of 
acid in the biphosphate of potassa, with soda. It forms prismatic crystals, 
composed, according to Mltscherlich, of 


Soda . . . . 

1 

32 

10.50 

Potassa . . . 

1 

48 

15.75 

Phosphoric acid 

. 2 

. . 72 . 

23.60 

Water . . . , 

. 17 

. . 153 

50.15 


1 

305 

100.00 


Carbonate op Soda (S + CCLV^.) This important salt is largely 
obtained by the combustion of marine plants, the ashes of which afford, by 
lixiviation, the impure alkali called soda. Two kinds of rough soda occur 
in the market, barilla and kelp; besides which, some native carbonate of 
soda is also imported. Barilla is the semifused ash of the salsola soda^ 
which is largely cultivated upon the Mediterranean shore of Spain, in the 
vicinity of Alicant^. Kelp consists of the ashes of sea-weeds, which are 
collected upon many of the rocky coasts of Britain, and burned in kilns, 
or merely in excavations made in the ground, and surrounded by stones. 
It seldom contains more than five per cent, of carbonated alkali, and 
about 24 tons of sea-weed are required to produce one ton of kelp. The 
best produce is from the hardest such as the serratus^ digitatus^ 
nodosus^oxid vesiculosus. (Macculloch’s Western Islands^ vol. i., p. 122.) 
The rough alkali is contaminated by chlorides of potassium and sodium, 
and by other impurities, from which it may, to a certain extent, be 
separated by solution in a small portion of water, filtrating the solution, 
evaporating it at a low heat. At present the British market is 
c^efly supplied with carbonate of soda, obtained by the decomposition 
of sulphate of soda, by processes similar to those above mentioned (p. 579) : 
it is manufactured to an enormous extent, at a very cheap rate, and of 
extreme purity; in many of the arts it has accordingly been substituted 
for potash. Small quantities of carbonate of soda are often found in an 
efflorescent form, upon walls containing lime and common salt. It is 
found in some mineral waters. A very pure carbonate of soda may 
be obtained by calcining acetate of soda at a red heat, and lixiviating 
the residue. 

The primitive crystalline form of carbonate of soda is an oblique 
rhombic prism, the modifications of which have been described by 
Mr. Brooke, (Ann. of PhiL^ N. S., vi., 287.) Its sp. gr. is 1.62. It is 
soluble in twice its weight of water at 60^, and' in less than its own 
weight at 212^. The strongest solution that can be preserved at the' 
temperature of the atmosphere has the specific gravity 1^6; but even 
this is liable to partial ciystallizarion.'' (Henry.) Its taste is etrongly 
alkaline, and it greens vegetable blues. It fuses very readily in its water 

* IteBpeetiDg the sources and preparation of this carbonate, see Ann. de Chim,y 
xlix., 267. ' 
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of crystallization, and on pouring ofiF the fused salt, a portion of anhy- 
drous carbonate remains. The fiised salt congeals at about 90°. Ex- 
posed to a dry atmosphere the crystals eifloresce, and gradually crumble 
down into a white powder : at a red-heat it loses the whole of its water. 
It is the Subcarbonate of Soda of the London Pharmacopceia* 

Ii^^its anhydrous state it consists of 





Borzellus. 

Daltou. 

Soda ... 1 

. 32 . . 

59.25 . . 

68.75 . . 

59.6 

Carbonic acid 1 

. 22 . . 

40.76 . . 

41.25 . . 

40.4 

1 

54 

100.00 

100.00 

100.0 

The perfect crystals, 

as they ordinarily occur, 

consist of 






lUT^roan. 

Soda 

. 1 

32 

22.25 

20 

Carbonic acid . . 

. 1 

22 

15.25 

16 

Water 

.10 

90 

62.50 

64 


1 

144 

100.00 

100 


When the crystals are formed at a temperature between 80° and 90°, 
they sometimes form large right rectangular prisms, terminated by a four- 
sided pyramid : these only contain 8 equivalents of water. A saturated 
solution of carbonate of soda, kept for a long time at 120°, deposited 
transparent prismatic crystcals, harder than the common carbonate, and 
containing only 1 equivdent of water; and another variety, described by 
Mohs contained 1^ of water. 

In the analysis of barilla, kelp, and other impure kinds of soda, to 
ascertain the relative proportion of soda, it may be useful to know that 
100 parts of dilute nitric acid, specific gravity 1.36, will saturate 50 parts 
of dry carbonate of soda, which arc equivalent to about 29 of pure soda ; 
or 460 grains of dilute sulphuric acid, specific gravity 1.141, neutralize 
100 grains of the dry carbonate. From either of these data, the quantity 
of real alkali in any sample of the rough salt may easily be calculated. 
But the method of ascertaining the proportion of soda, or of carbonate of 
soda, in these cases, by means of the alkalimeter^ has already been 
described. (Sec Carbonate of Potassa^ p. 563.) 

Labarraque’s Soda disinfecting Liquid. It has already been stated 
that, when excess of chlorine is passed into a solution of carbonate 
of potassa or of soda, carbonic acid is expelled, and chlorides and 
chlorates formed: by peculiar management, however, chlorine may be 
combined with a solution of carbonate of soda, and the resulting com- 
bination has, from the uses made of it, and the name of its inventor, 
been termed as above. It is obtained as Tollows; 2800 grains of crys- 
tallized carbonate of soda are dissolved in 1.28 pints of water, and being 
put into a Woulfe's apparatus, the chlorine slowly evolved from a mixture 
of 967 grains of salt with 750 grains of black oxide of manganese, and 
967 grains of sulphuric acid, previously diluted with 750 grains of water, 
is carefully passed into it. No carbonic acid is evolved, and a pale 
yellow liquid is the result ; its taste is sharp, saline, and astringent, and 
it at firsf reddens, and then bleaches turmeric paper. It is but little 
changed by a boiling heat, and gives out no chlorine. By careful evapo- 
ration, it furnishes crystals which produce the original liquid when 
redissolved ; but exposed to the air, and suffered to evaporate spontone- 
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oudy, the chlorine escapes, and crystals of carbonate of soda are obtained. 
(Faraday, Quarterly Journal^ N. iS., vol. ii., p. 84.) 

Bicarbonate of Soda (S + 2 C(IT\) is formed by passing carbonic 
acid through a strong solution of the carbonate. Small crystals are 
deposited, which, when very carefully dried at common temperatures, 
consist of 1 atom of bicarbonate of soda, with, according to some, 1 atom, 
according to others, 2 atoms, of water. Both combinations may probably 
be formed. 

The bicarbonate of soda has a very slightly alkaline taste, and it is 
much less soluble in water than the carbonate; requiring, according 
to Berthollet, 8, according to Rose, 13 of cold water. It loses carbonic 
acid if moistened and left in the vacuum of an air-pump, and the gas is 
also evolved when one part of the salt is boiled with four of water. In 
these cases the salt appears to be converted into a sesqui-carhonate. 
{Quarterly Journal^ xv. 383.) At a red-heat, bicarbonate of soda loses 
its water, and half its acid, and becomes converted into dry carbonate of 
soda. 

This salt, as well as the bicarbonate of potassa, may be obtained by 
treating their respective carbonates with carbonate of ammonia; pure 
ammonia is evolved and bicarbonates are formed. Bicarbonate of soda 
may also be obtained by condensing carbonic acid upon crystals of the 
carbonate ; a portion of the water of the latter salt separates, and when 
the gas ceases to be absorbed, it is found converted into a porous and 
friable bicarbonate, which must be carefully dried at a low temperature, 
otherwise it loses a portion of its carbonic acid, and becomes a sesqui- 
carbonate. 

In the manufacture of this bicarbonate for the purpose of commerce, 
160 lbs. of carbonate may be dissolved in 13 gallons of water, and 
carbonic acid thrown into the solution in a proper apparatus. The 
bicarbonate falls as it forms to the amount of about 50 lbs., and being 
separated from the solution may be conveniently dried by pressure in an 
hydraulic press, and subsequent exposure to heat not exceeding 100^. 
A fresh portion of carbonate is dissolved in the mother>liquor, and the 
operation repeated as before. 

Sesquicarbonate of Soda, (S -f 1^ CaT ^,) A carbonate of soda 
occurs native in the Soda Lakes of Ilungaiy, and in abundance in Africa, 
in the province of Gahena, near Fezzan. The natives call it Trma. It 
is crystallized in hard striated masses, and is not altered by exposure to 
air: indeed, the walls of Cassar, a fort now in ruins, are said to have 
been built of it. Mr. R. Phillips has shown that it is a compound inter- 
mediate between the carbonate and bicarbonate, {Quarterly Journal^ vii. 


298,) consisting of 



Klaproth*. 

V Trona. 

Phillips 

Soda • • • 1 . . 

32 

. . 38.6 

. . 37.0 ) 

. . 38.0 1 • • • 

78.2 

Carbonic acid . . 

33 

. . 39.7 

Water ... 2 

18 

. . 21.7 

. . 22.5 . . . 

21.8 

T 

83 

imo 

HiJ 

100.0 

Sulphate of soda 

. 

• 

2.8 





' 100.0 



BeitrHffe, vol. iii. p. 83. 
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A veiy productive soda-lake also exists in South America, in Mara- 
caybo, one of the provinces of Venezuela. {Quarterly Journal, i., 188.) 

Sodium and Cyanogen act with the same phenomena as potassium, 
and the hydrocyanate qf soda is obtained in the same way, or by decom- 
posing hydrocyanate of lime by carbonate of soda. Cyanate qf soda is a 
crys^^lizable salt. (Wohler.) Sulphocyanuret qf sodium and sulpho- 
cyanate of soda, are formed as the corresponding salts of potassa ; the 
latter forms deliquescent rhombic crystals. 

Borate OF Soda; Borax. (S+OOTA) This salt, which has been very 
long known, is imported from India in an impure state, and covered by a 
soapy matter, under the name of Ttncal, Pounxa, or Chrysocolla, which, 
when purified, is called Borax, It has also lately been manufiictured by 
combining soda with native boracic acid, imported from the South of Italy. 
It crystallizes in irregular hexaMral prisms, slightly efiloresccnt. Its taste 
is alkaline and styptic, and it has an alkaline reaction upon colours. 
It is soluble, according to Wallerius, in 20 parts of water at 60°, and in 
6 parts of boiling water; or, according to Berzelius, in 12 of cold and 
2 of hot water, proportions which I believe more correct. When heated 
it loses water of crystallization, and becomes a porous inable mass, called 
calcined borax. At a red-heat it runs into a transparent glass, which, by 
exposure to air, becomes opaque and pulverulent upon the surface. 


Anhydrous borax consists of 






Aifwedson. 

Soda ... 1 


32 


31.4 


Boracic acid 1 

< • 

0» 


68.6 


and crystallized borax, of 


foo~ 


mo 

Kimaa. * 

Soda ... 1 

33 


16.85 

. . 

17 

Boracic acid . 1 

on 


35.80 

, , 

34 

Water ... 10 

90 

. . 

47.35 

. . 

49 




100.00 


100 


Sulphuric acid decomposes this salt, producing sulphate of soda and 
boracic acid (see p, 510.) It is also decomposed by nitric and muriatic 
acids, and by the greater number of the vegetable acids. It has a place 
in the Pharmacopoeia, It is often used as a blowpipe flux. Muslin and 
other articles of clothing may be rendered, to a certain extent, incom- 
bustible, by steeping them in a solution of borax: when dry, they cannot 
readily be inflamed. 

Borofluoride of Sodium is obtained by combining fluoride of sodium 
with fluoboric acid: it forms prismatic crystals of a bitter and sour taste, 
easily soluble in water, fusible and anhydrous. (Berzelius.) 

Sodium and Potassium form an alloy, which, if composed of one 
part of potassium and three of sodium, remains fluid at 32^. Equal parts 
of the metals form a brittle crystallizable alloy. 

The Salts op Sodium are soluble in water. They are not precipitated 
either by pure or carbonated alkalis, or hydrosulphuret of ammonia, or 
tartaric acid, or ferro-cyanuret of potassium ; they produce no precipitate 
in solution of chloride of platinum, and do not convert sulphate of 
alumina into distinctly octoedral alum. 
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§ III. IJTHIUM. 

In the analysis of a mineral found in the mines of UtS, in Sweden, in 
the year l&dB (Ann- de Chim. el Phys.^ x.), called petalite, M. Arfwedson 
discoyered between 5 and 6 per cent, of an alkaline substance, which 
was at' first supposed to be soda; but, finding that it required for its 
neutralization a much laiger quantity of acid than soda, he was led to 
doubt its identity with that alkali, and the further prosecution of his 
inquiries fully demonstrated that it possessed peculiar properties. The 
mineral called triphane, or spodumene^ also affords the same substance, 
to the amount of nearly 9 per cent.^ and it exists in lepidolile and in 
several varieties of mica, and, according to Berzelius, in the waters of 
Carlsbad, in Bohemia: the term lithia^ deduced from its lapideous 
)riginal lapideus% has been applied to it. 

The following is Aifwedson’s mode of obtaining lithia from the 
Petalite: Reduce the mineral to a fine powder, and fuse it with about 
half its weight of potassa; dissolve the fused mass in muriatic acid, filter, 
and evaporate to drjmess; digest the dry mass in alcohol; the only sub- 
stance present, soluble in that liquid, is the chloride of lithium^ which is 
taken up, and by a second solution and evaporation is obtained pure. 
It may be decomposed by digesting carbonate of silver in its aqueous 
solution, by which a carbonate of lithia is formed, decomposable by lime, 
in the way of the other alkaline carbonates. 

Berzelius separates lithia from spodumene or from petalite as follows: 
One part of the mineral is reduced to a fine powder with about two parts 
of fluor-spar; this mixture is made into a thin paste with sulphuric acid, 
and heated in a silver crucible as long as acid vapours are given off, and 
ultimately to redness nearly: the liry mass is then digested in water, 
filtered, boiled with caustic ammonia to precipitate any alumina that may 
be present, filtered again, and evaporated to dryness: the dry mass, after 
having been heated to redness, to expel sulphate of ammonia, is pure 
sulphate of lithia, from the solution of which the lithia may be thrown 
down in the state of carbonate, by carbonate of ammonia. 

Lithia, or Protoxide of Lithium d/i-f-O), is a white caustic sub- 
stance, and when submitted, in the state of hydrate, to the action of the 
Voltaic pile, it is decomposed with the same phenomena as potassa and 
soda; a brilliant white and highly combustible metallic substance is 
separated at the negative pole. The properties of this metal have not 
hitherto been investigated, in consequence of the difficulty of procuring 
any quantity of its oxide. 

Pure lithia is not very soluble in water; its solution tastes acrid like 
the other fixed alkalis. It acts powerfiilly on vegetable blues, converting 
them to green. It is veiy sparingly soluble in alcohol. It does not, 
deliquesce by exposure, but absorbs carbonic acid and becomes opaque: 
it affords no precipitate with chloride of platinum, in which it differs 
from potassa, but resembles soda. It attacks platinum in its pure and 
carbonated state, and hence must be fused in a silver crucible. When 
its salts are heated on platinum before the blow-pipe, they tinge the fiame 
red. Its principal distinctive characters are found in its salts. 
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Obtained by evaporating its aqueous solution, lithia is in the state of 
hydrate^ the composition of which has not been ascertained: it melts at 
a red-heat, retaining water. 

Direct experiments upon the composition of lithia are yet wanting. 
By calculation from the composition of the sulphate, as analyzed by 
Vauquelin, it would appear to contain about 65.2 lithium + 44.8 oxygen ; 
by other experimentalists, nearly the same results have been admitted; so 
that the number 10 has been generally assumed as the equivalent of 
lithium; but from the analysis of some of its salts by M. Hermann, of 
Moscow (Poggend. xv.), as also by C. Gmelin, it appears that its atomic 
weight does not exceed 8; or even according to Ilermann, 6. So that, 
taking Gmelin’s results as the mean, lithia will consist of 

Lithium . 1 . . 8 . . 50 

Oxygen . 1 . . 8 . . 60 


1 IG 100 

Chloride of Lithium. (Iz+C.) This compound is obtained by 
dissolving lithia or its carbonate in muriatic acid, evaporating the solution 
to dryness, and fusing it out of the contact of air: it is a white semi- 
transparent substance. It evidently diflFers from the chlorides of potassium 
and sodium, in being extremely deliquescent ; in being soluble in alcohol ; 
in being decomposed when strongly heated in the open air, when it loses 
chlorine, absorbs oxygen, and becomes highly alkaline; in being very 
difficultly crystallizable in cubes; and in tinging the flame of alcohol of a 



IT 

^ 


Hormann. 

Gmelin. 

Lithium . 

1 

8 

18.25 

. . 14.66 

. . 18.43 

Chlorine . 

1 

. 36 

81.75 

86.34 

81.57 


1 

44 

100.00 

100.00 

100.00 


Iodide of Lithium. The action of iodine^ of hydriodic acid^ and of 
iodic acid^ on litliia, has not been examined, nor have its compounds with 
bromine been investigated. 

Fluoride of Lithium is very difficultly soluble. Its solution de- 
posits small opaque crystals. (Berzelius.) 

Nitrate of Lithia (L+7^0 is a very soluble deliquescent salt, fusible 
and decomposed by heat; its taste is cooling; it crystallizes in rhombic 
prisms ; and is soluble in alcohol. 

SuLPHURBT OF LiTiiiUM. The action of sulphur on lithium and lithia 
appears analogous to its actjpn on potassium and potassa, but the com- 
pounds have not been precisely examined. 

Sulphate op Lithia (L+S^) crystallizes in small rectangular prisms, 
perfectly white, and possessed of much lustre. Tlieir taste is saline, and 
their solubility intermediate between that of sulphate of potassa and 
sulphate of soda. The crystals contain no water, and fuse at a heat 
below redneSSi Their solution occasions no change in solution of platinum, 
nor in tartaric acid. The anhydrous salt consists of 


Lithia . 1 

16 

28.57 

C. Gmelin. 

27.94 

Hermann. 

26 

Sulphuric Acid 1 

40 

. . 71.43 

. . 72.06 

. . 74 

T 


100.00 

looiw 

100. 
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According to Gmelin, tlic crystsils of sulphate of litliia contain 1 equiva< 
lent of water, or 14.4 per cent. 

Bisulphate OF Lithia (L+sS^) has been described as crystallizing 
inJiexangular tables; but Berzelius denies that it is a distinct salt: be, 
however, admits that sulphate of lithia forms larger crystals when the 
solution contains excess of acid. 

Phosphate op Lithia has been examined by Dr. Gmelin: it may he 
obtained by adding phosphoric acid to sulphate of lithia; no precipitate 
is at first formed, but on adding excess of ammonia, an insoluble phos- 
phate of lithia falls. This property enables us to separate lithia from 
potassa and soda. The phosphate of lithia may be decomposed by dis- 
solving it in acetic acid, and adding acetate of lead: acetate of lithia 
remains in sijoJution. 

Biphosphate of Lithia is obtained in small crystals by dissolving the 
phosphate in phosphoric acid. 

Carbonate op Lithia. (L+CA^TA) When a strong solution of 
carbonate of ammonia is added to sulphate of lithia, a white precipitate 
of carbonate of lithia is formed. It requires about 100 parts of water at 
60° for its solution. It is insoluble in alcohol. It is fusible, alkaline, 
efiervesces with acids, and absorbs carbonic acid from the air. A solution 
of this carbonate, containing only 1-lOOOth of its weight, acts strongly 
upon vegetable colours. It is decomposed by lime and baryta. It 
consists of 






C\ Gmelin. 

Hcrmnnii. 

liithia . 

1 

16 

. 42.11 . 

. 45.54 

. . 39 

Carbonic Acid 

1 

. 22 

. . 67 89 

. 54.46 

61 


1 

38 

100.00 

100.00 

100 


Bicarbonate of Lithia. Carbonate of lithia is slightly soluble in 
water impregnated with carbonic acid. It is said to occur in this state 
in some mineral waters in Bohemia. By spontaneous evaporation, the 
carbonate separates in the form of a crystalline crust. 

Borate of Lithia much resembles borate of soda. 

Characters of the Salts of Lithia. It appears from the preceding 
statement, that lithia is distinguished from potassa and soda by its greater 
saturating power in respect to acids: that is, by its lower equivalent 
number; and by forming difficultly-soluble salts with phosphoric and 
carbonic acids. Chloride of lithium is highly deliquescent, and dissolves 
in strong alcohol, which enables us to separate it from the chlorides of 
potassium and of sodium. This solution burns with a purplish flame, 
and the same tint is communicated to the flame of the blowpipe when 
any salt of lithia is fused upon a thin slip of platinum-foil; they also 
corrode that metal, and leave a yellow spot at the point of action. 
Lithia is distinguished from the alkaline earths by. forming soluble salts 
with sulphuric and oxalic acids, and by the alkaline re-action of its 
carbonate upon vegetable colours. Its salts are not precipitated by 
ferrocyanuret of potassium, nor by infusion of gall|, nor by chloride of pla- 
tinum, nor by caustic potassa: the precipitate, by carbonate of ammonia, 
re-dissolves when the liquid is diluted and boiled. 
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§ IV. CALCIUM. 

The existence of calcium^ as the metallic base of lime, was first demon- 
strated by Davy in 1808 ; he found that when lime was rendered electro- 
negative in contact with* mercury, an amalgam was formed, which, by 
distillation, afforded a white metal : when this metal was exposed to air, 
qjpid gently heated, it burned, and produced the oxide of calcium^ or lime. 
Our knowledge of calcium, is almost limited to this single experiment, 
and it has never been obtained in sufficient quantity to ascertain its 
general properties: its equivalent as determined by indirect but very satis- 
fectory evidence, to which, we shall presently recur, may be considered 
as 20. (20.5, Turner and Gmelin.) 

Calcium and Oxygen; Lime; Quick Lime; Oxide ^ Calcium. 
iCdl+O) or C. Lime may be obtained in a state of considerable purity 
by exposing powdered white marble to a white-heat for an hour, in an 
open crucible, which expels the carbonic acid. To obtain absolutely pure 
lime, white marble may be dissolved in dilute muriatic acid, a little 
caustic ammonia added to the solution, and filtered: carbonate of ammo- 
nia is then added, and the precipitate dried, washed, and exposed for a 
sufficient time to a white-heat. This exposure to heat should take place 
in an open vessel, for in a close vessel, out of the contact of air, the 
decomposition of carbonate of lime is very imperfect: indeed, powdered 
marble may be kept for many hours at a red-heat, without losing any 
carbonic acid, provided air and moisture be carefully excluded. To obtain 
lime perfectly free from all traces of carbonic acid, the carbonate should 
first be heated in an open vessel, the lime thus obtained converted into 
a hydrate^ and this again heated: all carbonic acid is thus effectually 
expelled. Pure lime is white, or of a very pale gray tint; it is acrid and 
caustic, and converts the vegetable blue tests to green ; its specific gravity 
is 2.3; it is very difficult of fusion, but remarkably promotes the fusion 
of most other earthy bodies, and is therefore used in several metallurgic 
processes as a cheap and powerful flux. When quite pure it can only be 
fused in very minute particles by the oxygen blow-pipe, or by the Voltaic 
flame. When intensely heated, as for instance, by the oxyhydrogen blow- 
pipe, it is remarkable for its luminosity; and at this very high tempera- 
ture a minute quantity is volatilized (see p. 206.) It is an essential ingre- 
dient in mortar and other cements used in building. Exposed to air it 
absorbs water and carbonic acid. 

From the concurrent testimony of different analysts the number 28 is 
assumed, as the equivalent of lime; and as it is the protoxide of calcium, 


it consists of 




Berzelius. 

Davy. 

Calcium 

1 

. . 20 . 

. 71.4 

. . 71.91 . . 

72.8 

Oxygen 

1 

. . 8 • 

. 28.0 

. . 28.09 . . 

27.2 


1 

28 

100.0 

100.00 

100.0 


Hydrate of Lime; Slaked Lime. (C-f When a small quantity 
of water is poured upon lime there is a great rise of temperature resultiog 
from the solidification of a portion of the water, and a bulky white-powder 
is obtained, which is a hydrate. 
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Hydrate of lime maybe obtained in a crystalline form by placing 
lime-water under the receiver of an air-pump, containing another vessel 
of sulphuric acid. The water is thus slowly evaporated, and imperfect 
six-sided crystals are formed. (Gay Lussac, Ann. de Chim. et Phys,^ i. 
334.) In composition these crystals resemble the pulverulent hydrate. 
Exposed to the air, they gradually crumble down into carbonate of lime. 
Hydrate of lime is a compound of 

Dalton. Oay Lussab. 

Orystallixed. 

lime . I . . 28 . . 75.6 . . 75 . . 75.25 

Water . 1 . . 9 . . 24.4 . . 25 . . 23.75 

1 37 100.0 100 100.00 

Lime-water. At a temperature of 60°, 750 parts of water are required 
for the solution of one part of lime. Boiling water, however, as Mr. 
Dalton first observed {New System qfChem. Phil.^) does not dissolve so 
large a quantity; one part of lime requires, according to Phillips, 1280 
parts of water at 212° for its solution {Ann, of Phil. N. S., i. 107;) and 
water at 3^ has its solvent power much augmented, one part of lime being 
soluble in 656 of water at that temperature. When .lime-water is boiled, 
a portion of the lime is therefore precipitated; or aggregated, according 
to Phillips, into small crystalline grains. The cause of this crystallization 
he refers to the effect which heat sometimes produces, of^"|icreasiTig 
instead of diminishing the attraction of cohesion, where this attraction is 
associated with a tendency to crystallize. This crystalline attraction, 
increased by that of the lime for a definite portion of water, is then 
greater than the attraction of the hydrate of lime for the water of solution, 
and the consequence is that crystals are formed.” Lime-water is limpid 
and colourless ; its taste is nauseous, acrid, and powerfully alkaline, and 
it converts vegetable blues to green. It is usually prepared by pouring 
warm water upon powdered lime, and allowing the mixture to cool in a 
close vessel; the clear part is then decanted from the remaining undis- 
solved portion of lime. When lime-water is exposed to the air, a pellicle 
of carbonate of lime forms upon its surface, which, if broken, is succeeded 
by others, until the whole of the lime is thus separated in the form of an 
insoluble carbonate. Lime-water is used in medicine as an antacid. 
What is termed fnilk or cream of lime, is merely hydrate of lime diffused 
through lime-water. 

Peroxide op Calcium. (C-f 2O) When oxygen is passed over 
heated lime, it is absorbed, and a portion oi peroxide of calcium is formed. 
A hydrated peroxide of calcium is thrown down in the form of small 
brilliant scales, according to M. Thenard, when lime-water is dropped 
into oxygenated water. Peroxide of calcium consists of 

Thenard. 

Cidcium ... 1 . . 20 . . 65.5 

Oxygen ... 2 . . 16 '. . 44.6 

.1 36 lOM 

• Chloride of Calcium. {Col^C.) This compound occurs in sea- 
water and in some mineral waters; it is produced artificially by heat- 
ing lime in chlorine, in which case oxygen is evolved ; or by evapo- 
rating muriate of lime^ (obtained by dissolving carbonate of lime in 
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muriatic acid,) to dryness, and exposing the dry mass to a red heat in 
closed vessels. It has a strong attraction for water; it deliquesces when 
exposed to air, and becomes what used to be called oil of lime. Hence it 
is that fused chloride of calcium, broken into small pieces, is frequently 
employed to deprive gases of their aqueous vapour; but when thus used, 
its absorptive powers in regard to some gases must not be overlooked. 
Its taste is bitter and acrid ; one part of water, at 60°, dissolves four parts 
of the chloride. Its solubility, however, is greatly influenced by tempera- 
ture, for at 32° one part of water mil not dissolve more than two of the 
salt, and at 212° it takes up nearly any quantity. It is copiously soluble 
in alcohol, and much heat is evolved during the solution. When fused it 
acquires a phosphorescent property, as was first observed by Homberg, 
rtnd hence it was termed Homberg* s phosphorvft. It is abundantly pro- 
duced in the manufacture of carbonate of ammonia, from the decomposi- 
tion of muriate of ammonia by lime, and hence has sometimes been called 
fixed sal ammoniac. Chloride of calcium consists of 


Calcium . 

1 

20 

36.7 

Ur-'. 

36.7 

Chlorine . 

1 

36 

64.3 

63.3 


1 

56 

lOO.O 

100.0 


Pelletier has stated, that if carbonic acid be passed through a solution 
of muriate of lime, the whole becomes a hard solid mass. If sulphuric 
acid be poured into a strong solution of muriate of lime, the whole 
congeals into a solid mass of sulphate of lime. 

Hydrated Chloride of Calcium is obtained by evaporating the 
aqueous solution to the consistence of a thick S 3 rrup ; on cooling it con- 
cretes into a crystalline mass, which may be reduced to powder : in this 
state it is used in frigorific mixtures, to mix with snow. (p.l55.) By 
careful management, or by exposing the strong solution to a cold of 32°, 
it may be obtained in prismatic crystals, consisting of 


Chloride of calcium . 

1 

56 

50.9 

Water . . . . 

6 

54 

49.1 


1 

no 

100.0 


Ammonia Chloride of Calcium. Faraday has shown {Quart. Journal^ 
V. 74) that chloride of calcium absorbs large quantities of ammoniacal gas, 
vduring which it swells, cracks, splits in all directions, and at last crumbles 
^own into a white powder. Exposed to the atmosphere it deliquesces 
%tes rapidly than the original chloride. Thrown into water it dissolves, 
forming a strong alkaline solution. Heated, it gives off ammonia, and 
the chloride remains unchanged. Immersed into chlorine, the ammonia 
bums off with a pale-yellow flame. Twenty grains of the compound fur- 
nished, when heated, about twenty cubic inches of ammonia. Mr. 
Farsiday availed himself of this compound for the purpose of condensing 
ammonia into a liquid. It appears to consist of 

Chloride of calcium . 1 • • 56 

Ammonia ... 4 . . 68 


2 a 


124 
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Chloride op Lime; Oxymuriatb op Lime. This compound is ahun- 
dantly employed as a Blejuihing-material, and manufactured by pasi^g 
chlorine into chambers containing hydrate of lime in fine powder, by 
which the gas is copiously absorbed with extrication of heat. It is a diy 
white powder, smelling feebly of chlorine, and having an acrid taste : it is 
partially soluble in water, and the solution, which is used under the name 
of bleaching-Uquor^ contains both chlorine and lime. Exposed to air it 
slowly evolves chlorine and absorbs carbonic acid; ultimately some 
chloride of calcium is formed, and it deliquesces. When heated, it gives off 
oxygen, and chloride of calcium results, an experiment which shows the 
superior attraction of calcium for chlorine as compared with oxygen, the 
latter being expelled from the lime. 

Dr Ure has contrived an instrument for the speedy analysis of this 
salt for the purposes of the artist, by wliich the quantity of chlorine in 
any given sample may be determined. {Quarterly Journal^ xiii. 21.) 

It consists of a glass tube, of about five cubic inches capacity, 
shaped as in the adjoining figiire, and graduated into cubic inches and 
tenths. It is to be closed at top with a brass screw cap, and, at its 
recurved end below, with a good cork. Pour 
mercury into the upper orifice, till the tube be 
nearly full, leaving merely space to insert ten 
231 ^ins of the bleaching-powder, made into a pellet- 

form with a drop of water. Screw in the cap-plug 
rendered air-tight by leather. Remove now the 
cork from the lower end, (also full of mercury,) 
and replace a little of the Hqnid metal by dilute 
muriatic acid (specific gravity 1.1). By dexterous'' 
inclination of the instrument, the acid is made to 
flow up through the mercury. Instantly on its 
coming into contact with the pellet, the chlorine is 
disengaged, the mercury flows out into a basin 
ready to receive it, while the resulting film of 
muriate of lime protects the surface of the metal 
almost completely from the gas. With an appa- 
ratus of this kind, which indeed is the same as 
that which I have long used for analysing lime- 
stones and marbles (see article Carbonate in my 
Chemical Dictionary), I get good accordances with 
the results derived from the loss of weight suffered 
by a like quantity of the chloride, when it is dissolved in dilute muriatic 
acid. Since a cubic inch of chlorine may be estimated in round numbers 
at I of a grain, we may expect 10 grains of bleaching-powder to yield 
from 3 to 4 cubic inches of that gas, or by weight; from 20 to 30 per 
cent., a wide range of power, which it is well worth the bleacher’s or 
paper-maker’s while to ascertain. If carbonic acid be suspected, we 
need only agitate the mercury through the gas, adding some of the 
metal from time to time as the absorption proceeds. The carbonic acid 
will remain uncondensed at the top, and may be estimated in the usual way.” 

Another mode of determining the commercial value of chloride of 
lime, consists in ascertaining its bleaching power by its effect upon a 
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solution of indigo ; directions for this purpose have been drawn up by 
Gay Lussac. (^na. of Phil, xxiv., 218). Morin (^ww. de Chim. et 
Phys., xxxvii., 142,) tests it by solution of protochloride of manganese, 
determining its proportion of chlorine by the quantity of peroxide of 
manganese which it throws down ; but the free lime present seriously 
interferes with the practical application of this test. 

The composition of bleaching-powder has been variously stated. 
Mr. Dalton (Ann, of Phil, i. 15, and ii. 6) considers it as a hydrated 
suhchloride of lime, containing two proportionals of lime and one of 
chlorine; and the same opinion is adopted by Thomson (ifnw. ^ PAi/. 
XV., 401), and by Welter (Ann. de Chim. et Phys., vii., 383). Dr. Ure, 
however, shows, in the paper already quoted, that the quantity of chlorine 
absorbed is variable; he analyzed a specimen of good commercial 
bleaching-powder, and found it composed of 46 lime, 23 chlorine, and 
31 water : a specimen prepared by himself with pure hydrate of lime 
contained 45.40 lime 40.32 chlorine, and 14.28 water, and he found the 
condensation of chlorine to vary with the pressure, the degree of 
exposure, and the quantity of water present. Upon the whole, it is not 
improbable that bleaching-powder consists of a chloride of lime, con- 
taining one proportional of chlorine and one of lime, mixed with a 
varying proportion of hydrate of lime ; and tha| when water acts upon 
the compound the solution contains a chloride of lime. Berzelius 
regards bleaching-powder as a compound of chloride of calcium and 
chlorite of lime, and this opinion is said to be sanctioned by Balard's 
researches already quoted (p. 335), but if chlorite or hypochlorite of 
lime were formed by the action of chlorine upon pulverulent hydrate of 
lime, a large proportion of chloride of calcium must at the same time 
be produced, and we have no evidence of the existence of chloride of 
calcium in well-made bleaching-powder, A specimen of chloride of 
lime of the best quality usually sold in London, consisted of 1 equi- 
valent of chlorine, 2 of lime, and 2 of water. 

Chlorate of Lime is a very soluble deliquescent salt of a sharp 
bitterish taste. It is most earily produced by dissolving carbonate of 
lime in chloric acid. Exposed to heat, oxygen is evolved, and a chloride 
formed. 

Iodide op Calcium (Col+i) is obtained by dissolving carbonate of 
lime in hydriodic ^d, evaporating to dryness, and heating the residue in 
a close vessel till it fuses ; it may also be obtained by digesting hydrate 
of lime with protiodide of iron : it is a deliquescent gray substance, 
wliich, heated in the air, absorbs oxygen and evolves iodine. 

Dissolved in water and slowly evaporated, it furnishes deliquescent 
crystals, usually called hydriodate of lime ; they are composed of the 
iodide and water. The iodide consists of 

Calcium ... 1 . . 20 . • 13.8 

Iodine ... 1 . . 125 . . 86.2 

1 145 100.0 , 

Iodate of Lime. (C + This salt is formed by dissolving carbonate 
of lime in iodic acid; it dso gradually crystallizes out of a mixed 
solution of iodate of potassa and chloride of calcium : it forms small 

2q2 
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prismatic ciystals soluble in 5 of cold and 1 of boiling water, and 
containing 3 per cent, of water. (Gay Lussac Ann, de Chimie^ vol. xci., 

p. 84.) . 

Bromide of Calcium (fiCd + O) was obtained by M. Henry by 
digesting hydrate of lime in a solution of protobromide of iron ; it forms 
deliquescent aeicules soluble in alcohol and w-ater ; it fuses and is par- 
tially decomposed when heated in open vessels. 

. Bromate of Lime {G+bf) has not been examined. 

Fluoride OP Calcium ; Fluor Spar. {Col+f.) This compound may 
be produced artificially by saturating dilute hydrofluoric acid with newly- 
precipitated and moist carbonate of lime, and may thus easily be collected, 
and dried in the form of white powder. If obtained by precipitating 
a neutral salt of lime with a soluble fluoride, it forms 'a gelatinous mass, 
the precipitation of which is accelerated by the addition of caustic 
ammonia. Native fluoride of calcium^ or fluor-spar^ is a mineral found 
in many parts of the w'orld, but in great beauty and abundance in 
England, and especially in Derbyshire. Here it is commonly called 
Derbyshire spar^ or by the miners of that county blue John, It is 
usually found in cubic crystals, which may easily be cleaved into octoedra, 
sometimes considered as its primitive form. Its colours are extremely 
various. Its specific gravity = 3. It phosphoresces when exposed to a 
heat a little below redness (p. 199), and at a red-heat it fuses : it is 
sometimes used as a flux for promoting the fusion of other minerals, hence 
its German name Flusspath^ and the English Fluor, It generally occurs 
in veins ; in the Odin mine at Castlcton, in Derbyshire, it is found in 
detached masses, from an inch to more than a foot in thickness ; their 
structure is divergent, and the colours, which are various, disposed in 
concentric bands; It is the only variety which admits of being turned in 
the lathe into vases and other ornamental articles. Compact fluor is a 
scarce variety : the finest specimens come from the Ilartz. A third 
variety is chlorophane^ so called from the beautiful pale-green light which 
it exhibits when heated. The nature of the colouring-matter of blue 
and green fluor spar is not exactly understood. It is liable to fade, and 
the blue varieties become red and brown by heat. 

Fluoride of calcium exists, according to Berzelius, in bones, urine, 
Md the enamel of the teeth, in the human subject ; he also found it 
in minute quantities in some of the Carlsbad waters.^ 

Pure fluoride of calcium is not decomposed by cold sulphuric acid, 
but forms with it a transparent viscid mixture. At a temperature of 
about 100® its decomposition begins, sulphate of lime forms, hydrofluoric 
acid is evolved, and the mixture grows opaque. If the fluor-spar 
contain silica, then sulphuric acid immediately acts upon it, evolving 
silico-fluoric acid. Concentrated muriatic and nitric acids dissolve 
fluoride of calcium without decomposition, and become milky when 
diluted; but it is doubtful whether such solutions are formed when the 
fluoride is perfectly pure. It is scarcely soluble in hydrofluoric acid. 
Fused with - carbonate of potassa, carbonate of lime and fluoride of 
potassium ore produced. It, is ROW generally admitted to be abinaiy 

compound of calcium and fluorine, consisting of 
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Calcium ... I . . 20 . . 62.C . , 53.313 

Fluorine ... 1 . . lb . . 47.4 . . 46.687 

1 38 100.0 * 100.000 

Nitrate op Lime. (C + 72./.) This is a deliquescent salt, soluble in 
“ one-fourth its weight of water at 60°. It is found in old plaster and 
mortar, from the washing of which, nitre is procured by the addition of 
carbonate of potassa. 

The production of this salt in artificial nitre-beds has already been 
adverted to (p. 648). It may be crystallized, by very slow evaporation, in 
six-sided prisms, containing according to Bergman about ^5 per cent, of 
water, but when obtained from a solution evaporated very low, and set 
aside in the cold, it appears in the form of groups of acicular crystals. 
It is soluble in alcohol. When exposed to a moderate heat, it undergoes 
watery fiision ; the water then evaporates and the salt fuses ; on cooling 
it concretes into a semi-transparent phosphorescent substance, called 
from the discoverer of this property Balduins phosphorus, (Birch's 
History qf the R, S., iii., 328.) At a red, heat it is decomposed ; its acid 
is dissipated, and pure lime remains. It has been found in some mineral 
waters. Anhydrous nitrate of lime consists of 


Lime 

1 


28 

.^l.l 

Wenzel. 

33.8 

Nitric acid . . 

1 

. • 

54 

65.9 

66.2 


T 


82 

100.0 

100.0 


SuLPnuRET OF Calcium (CflZ+S) is formed by passing sulphuretted 
hydrogen, Or the vapour of sulphuret of carbon, over red-hot lime. It 
is also formed by the action of charcoal or of hydrogen upon sulphate of 
lime at a red-heat. It is of a yellow or orange tint, slowly acted upon 
by water, and of an hepatic and alkaline taste. When its solution is 
carefully evaporated in vacuo, small cubic crystals of hydrosulphuret of 
lime are obtained. 

Hydrosulphuret op Limb (CCsZ+O) + (5+A) is also obtained by 
passing sulphuretted hydrogen through a mixture of quicklime and water. 
The solution has an hepatic, acrid, and bitter taste. 

When three parts of slaked lime and one of sulphur are boil^ in 
twenty parts of water, and the solution allowed to cool upon the sediment, 
crystals are formed^ which may be dried by exposure to the absorbent 
power of a large surface of sulphuric acid, placed under an exhausted 
receiver. Their form is that of quadrilateral prisms, with diedral sum- 
mits. They are sparingly soluble in cold water, the solution having a 
yellow colour, and an acrid, bitter, and sulphurous taste. They consist^ 


according to Ilerschel {Edin, Phil, Journ,^ 

i., 11), of 

Herschel. 

Lime . . 

2 . . 56 

44.80 

42.9 

Sulphur 

2 . . 32 

25.60 

26.0 

Hydrogen . 

1 . . I 

0.75 

0.6 

Water . . 

4 . . 36 

28.85 

30.5 


1 125 

100.00 

100.0 


So that, excluding water, these crystals contain 2 atoms of lime and 
1 atom of bisulphuret of hydrogen. 
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Hyposulphite of Lime. (C + $ .) When sulphurous acid is ground 
in a mortar with the above crystals its smell disappears, and when filtered 
it is found to be a solution of hyposulphite qf lime. By passing sulphu- 
rous acid through an aqueous solution of sulphuret of lime, the same 
product is obtained; and if the solution be filtered and evaporated, at a 
temperature not exceeding 140^, it furnishes crystals: the temperature of 
ebullition decomposes it. The crystals are little altered by air, very soluble 
in water, and insoluble in alcohol. They consist of 


lime 

1 

28 

Ilerschel. 

21.8 

Hyposulphurous acid 

1 

48 

36.8 

Water . 

6 

54 

41.4 


1 

130 

100.0 


Sulphite of Lime (C + S) is formed by passing sulphurous acid into 
a mixture of lime and warm water, or by mixing the solutions of chloride 
of calcium and sulphite of potassa. It is a white powder, soluble by 
excess of sulphurous acid, and then separating in prismatic crystals, of 
difficult solubility, efflorescent, and passing into sulphate of lime by 
exposure to air. 

Hyposulphate of Lime. (C+S'.) This salt is formed by decom- 
posing hyposulphate of manganese by lime, filtering, and evaporating the 
solution: it forms transparent dodecaedral crystals, permanent in the air, 
soluble in 2.46 of water at 60^, and insoluble in aleohol. (Heeren, 
Poggend.^ vii., 178*) The crystals consist of 


Lime 

1 

28 

. 20.5 

Hyposiilphuric acid . 

1 

72 . 

53.0 

Water . 

4 

36 

26.5 


1 

136 

100.0 


Sulphate of Lime (C+^0 native in selenite^ gyp^^'ff^^ plaster- 

stone^ S^c. It is easily formed artificially, by dropping sulphuric acid 
upon lime, in which case there is great evolution of heat ; or by decom- 
posing a solution of chloride of c^cium, or any of the soluble salts of 
lime, by sulphunc acid or by a soluble sulphate. When thrown down 
from its solutions, or in any way slowly deposited, it generally forms 
minute silky crystals soluble in 350 parts of water. When these, or the 
native crystallized sulphate are exposed to a dull-red heat, they lose water, 
and fall into a white powder (plaster of Paris% which, made into a paste 
with water, soon solidifies ; and when in large quantity, with very sensible 
increase of temperature. Hence its use in taking casts'Yor busts, figures, 
and ornaments. Exposed to a very high temperature, short of its fusing- 
point,it loses this property of recombining with water. Anhydrous sulphate 
of lime requires about 600 parts of water at 60^, and 450 parts at 212% 
for its solution: and, according to Mr. Paul, . {Phil. Mag., xv., 63,) if 
this solution be saturated by pressure with hydrogen, the sulphate in about 
six months is converted into a sulphuret. As sulphate of lime is more 
soluble in water than pure lime, sidphuric acid affords no precipitate when 
added to lime-water. Nearly all spring and river water contains this salt, 

aad in those waters which are called hard it is abundant. It gives to 

them a slightly nauseous taste. At a veiy high temperature sulphate of 
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lime is fusible, but it suffers no decomposiSon; heated with charcoal it is 
converted into a sulphuret of calcium. It dissolves without decomposition 
in dilute nitric and muriatic acids, and separates from these solutions 
when concentrated, in Idng silky or transparent crystals. It is decomposed 
by the alkaline carbonates. Anhydrous sulphate of lime consists of 


Lome 

. 1 

. . 28 . . 

, 41.1 . 

Wenzel. 

. 40.2 . 

Bergman. 
. 41 

Sulphuric acid 

1 

. . 40 . . 

. 58.9 . 

. 59.8 . 

. 59 


1 

68 

100.0 

100.0 

100. 


And the crystallized sulphate of lime consists of 

Klaproth. Bergman. 

Anhydrous sulphate of lime . I . . 68 . . 79 . . 78.5 . . 78 

Water . . 2 . . 18 . . 21 . . 21.5 . . 22 

1 86 100 100.0 100 . 

Native Sulphate op Lime occurs in various forms. The crystallized 
or hydrous ymQty (C+S'+ 2 ^) is usually called selenite"*'; the fibrous 
and earthy, gypsum\; and the granular or massive, alabaster The 
primitive form of selenite is a rhomboidal prism of 113° 8 ' and 86 ° 52'. 
The crystals are commonly transparent, and of various colours; it is softer 
than native carbonate of lime, and jdelds very easily to the nail. It is 
seldom found in veins, but generally disseminated in argillaceous strata. 
It occurs in Cumberland at Alston, and in Oxfordshire at Shotover Hill, 
where it is often accompanied by shells and pyrites, and appears to have 
resulted from their mutual decomposition. A beautiful fibrous variety, 
called satin-gypsum^ is found in Derbyshire, applicable to ornamental 
purposes, such as beads, broaches, &c. Massive and granular gypsum 
is found in this country accompanying the salt-deposits in Cheshire. It 
abounds at Montmartre, near Paris, and contains organic remains ; some- 
times it forms entire hills. In the Tyrolese, Swiss, and Italian Alps, it 
is found upon the primitive rocks, often of the purest white, especially 
at Montier, near Mont Blanc, and near the summit of Mont Cenis. It is 
turned by the lathe, and sculptured into a variety of beautiful forms, 
more especially by the Florentine artists. Columns for interior architecture 
arc sometimes formed of it, as may be seen in the hall of Kedleston-house 
in Derbyshire. 

There is a variety of sulphate of lime, which has been called anhydrous 
gypsurn^ or anhydrite^ in reference to its containing no water. It is harder 
than selenite, and sometimes contains common salt, and is then called 
muriacite. It i«ii rarely crystallized, generally massive and lamellar, md 
susceptible of division into rectangular prisms. It has been found in 
Derbyshire and Nottinghamshire of a pale-blue tint; sometimes it is pink 
or reddish, and often white. It has been found at Yulpino in Italy, and 
hence called Fulpinite. The statuaries of Bergamo and Milan employ it, 
and artists know it by the name of Marbre di Bergamo. A compound 
of sulphate of lime and sulphate of soda is found in the salt-mines of 

* From trtXfivfi, the moon, in reference 4 ^ An ancient term applied to vases or 
to its soft lusfcre. boxes, for containing perfumes: per- 

f From yti, earth, and to oon« haps from a, privative, and XdSov, a han- 

cocts formed, or concocted in the earth, die ; as opposed to vessels with handles. 
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New Castile, which mincral^sts have described under the name of 
Glauberite. 

Phosphubet of Calcium. (Col+p.) By passing phosphorus over 
red'hot lime, a brown compound is produced, which rapidly decomposes 
water with the evolution of phosphuretted hydrogen gas, and which con- « 
sists of phosphuret of calcium and phosphate of lime; the oxygen of the 
lime at this high temperature converts a portion of the phosphorus into 
phosphoric acid, and the evolved calcium combines with another portion 
of phosphorus to form phosphuret of calcium. Hydrophosphuret and 
hypophosphiie of lime are formed by its action upon water, and a phosphate 
of lime precipitates. When dilute muriatic acid is poured upon this plios- 
phuret, abundance of phosphuretted hydrogen is also liberated (p. 450). 

The best process for obtaining phosphuret of calcium is the following: 
select a green-glass, or porcelain tube, closed at one end, and about 
eighteen inches long, and one inch diameter, and carefully cover it with a 
clay lute containing a very little borax. Put an ounce. of phosphorus 
broken into small pieces into the lower end, and fill it up with pieces of 
clean quick-lime, about the size of large peas: place it in an inclined 
position in a furnace, so that the end containing the phosphorus may 
protrude, while the upper part of the tube is heating to redness; then 
slowly draw the cool part into the fire, by which the phosphorus will be 
volatilized, and passing into the red-hot lime, convert a portion of it into 
phosphuret. Care should be taken that no considerable portion of phos- 
phorus escapes and bums away at the open end of the tube, which, after 
the process, should be corked and suffered to cool. Its contents may 
then be shaken upon a sheet of paper, and the brown pieces picked out, . 
and carefully preserved in a well-stopped phial; the white pieces, or those 
which are only pale-brown, must be rejected. The composition of phos- 
phuret of calcium has not yet been experimentally determined. 

Hypophosphite OF Lime maybe obtained by boiling phosphorus in* 
tliin cream of lime, filtering off the solution, and passing carbonic acid 
through it, to separate excess of lime. The clear solution evaporated in 
vacuo furnishes crystals of the hypophosphite. This salt is useful for the 
preparation of other hypophosphites. It is insoluble in alcohol. 

Phosphite of Lime is a difficultly-soluble salt, crystallizable by spon- 
taneous evaporation. When its solution is heated, nacreous crystals of a 
suhphosphite are deposited, and a very soluble and ^fficultly-crystallizablc 
biphosphite remains dissolved. 

Phosphate of Lime. There appear to be several definite combina- 
tions of lime with phosphoric acid, among which the foM(wiiig have been 
particularly examin^. 

h Neuteal Phosphate of Lime. (C+j9'.) When a solution of 
rhombic phosphate of soda is dropped into a solution of chloride of 
calcium, the latter being left in excess, a crystalline precipitate falls, 
which at a red-heat loses water: it is white; tasteless, and consists of 

Bt>neliu8. Deiielius. 

Ume . 1.28.43.7 . 48.81 . . 1.28 . 34.2.38.42 

Photplunio add 1 . 36 . 86.3 . 84.19 . . 1 . 36 . 43.9 . 41.90 

Water , .0.0 v O.O . 0.0 . . . 2 . 18 . 21.9 . 22.68 

Anhjrdrotts 1 64 106.0 100.60 CtrystalUaed 1 82 100.0 100.00 
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2. SuBPHOspnATE OF LiMB ; I PnospiiATB OP Lime ; Bone Piios- 
PIIATE. (1^0 + jO'.) This phosphate exists in bones and other parts 
of animals : it is formed when a solution of chloride of calcium is gra- 
dually dropped into the solution of rhombic phosphate of soda, the latter 
being left in excess; or wheneycf ammonia is added to any acid solution 
of j^hosphate of lime; or by adding neutral phosphate of ammonia to 
solution of chloride of calcium, in which case the fluid becomes acid. 
The tendency of phosphoric acid to form a basic or subsalt with lime is 
such, that if moist neutral phosphate of lime be mixed with a strong 
solution of chloride of calcium, muriatic acid is evolved on heating the 
mixture. This salt is white and insipid, and when recently pre- 
cipitated, and boiled in water, a trace of it remains in solution, and if 
gelatine or starch be present a very sensible portion is taken up. Water, 
containing common salt or muriate of ammonia, also sparingly dissolves 
it. Dilute nitric muriatic and acetic acids dissolve it without decom- 
position, and ammonia throws it down unaltered. It is decomposed when 
digested in solution of sulphate of ammonia. Sulphuric acid converts it 
into sulphate and superphosphate of lime. At a very high temperature 
it fuses into a white opaque enamel. It is composed of 


lime .... 

14 

.. 42 .. 

53.8 

Berzelius. 

Artijidai. 

., 51.68 

Fuchs. 

ArtijinaL 

. 54.74 . 

Kliiprotli. 

AjxUite. 

. 53.75 

Phosphoric acid 

1 

.. 3G .. 

48.2 

.. 48.32 . 

. 45.20 . 

. 46.25 



"1 ■■ ■■ 



■ ■■ 

.-h— ■■ 


1 

78 

lOO.O 

100.00 

100.00 

100.00 


Native Phosphate qf' Lime, identical in composition with the pre- 
ceding, occurs crystallized and massive, and is known under the names 
of apatite, asparagus-stone, moroxite, and phosphorite. The crystallized 
variety is found in Cornwall and Devonshire, of singular beauty. Its 
primitive form is a six-sided prism : it also occurs in volcanic products ; 
and, what is curious, the former is phosphorescent, and the latter .not. 
The massive variety is found in Bohemia and in Spain. 

3. Sesquiphosphate of Lime, (C + is obtained by adding alcohol 
to a saturated solution of the neutral phosphate in phosphoric acid ; the 
precipitate, when washed with alcohol, consists of 1 proportional of lime 
-f 1^ phosphoric acid. Water throws down from it a more neutral 
salt. (Berzelius, Ann, de Chim, et Phps,, ii. 167*) 

4. Biphosphate of Lime, (C + 2 is formed, according to Berzelius, 

by digesting the neutral phosphate in phosphoric acid. On evaporation, 
crystalline scales - Ae deposited, composed of 1 proportional of lime 2 
of phosphoric acid. The same salt is said to be obtained by digesting 
the neutral phosphate in muriatic or nitric acids, and evaporating the 
solution till it furnishes crystals. Distilled with charcoal, its excess of 
acid is decomposed and yields phosphorus, and. a neutral phosphate 
remains. 

5. Superphosphate of Lime. The phosphoric glass described 
under the head Phosphorus (p. 438), is considered by Dr. Thomson 
as a definite compound, which he has termed quadriphosphate of 
lime, {System, ii., 460.) If 100 parts of phosphate of lime be digested 
for twenty-four hours with 87 parts of sulphuric acid diluted with a 
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sufficient quantity of water, and be then filtered, the liquor which passes 
through contains the whole of the phosphoric acid, with only one-fourth 
of the lime which existed in the original salt; the remaining three-fourths 
having formed an insoluble compound with the sulphuric acid. The 
dissolved satt, therefore, is a compound of I atom of lime = 28 + 
atoms of acid 112. When evaporated, it forms, on cooling, pearly 
scales, which have an acid taste, and dissolve readily in water, giving an 
acid solution of the specific gravity 1.44. When iried and fi^ed in a 
crucible, a transparent glass is obtained, commonly called glacial phos- 
phoric acid, and employed chiefly in the production of phosphorus. 
(Henry, i., 567.) According to l^zelius, the decomposition of bone- 
earth by sulphuric acid, is not attended by any definite result, but varies 
with the concentration and. quantity of the acid, and is nearly complete 
when concentrated acid is added to a saturated solution of the super- 
phosphate. Phosphate of lime is entirely decomposed when digested in 
a mixture of sulphuric acid and alcohol ; sulphate of lime is precipitated, 
and an alcoholic solution of phosphoric acid, free from lime, is obtained. 
The solution of phosphate of lime in nitric acid, is decomposed by 
carbonate or acetate of lead ; the lime remains in solution with the nitric 
acid, and the phosphoric acid is precipitated in combination with the 
oxide of lead. 

Selenite of Lime. Berzelius has described a neutral selenite and 
a, hiselenite of lime. The former gradually falls in a pulverulent form, 
from a solution obtained by the action of selenious acid on carbonate of 
lime. If fused at a reddieat in a glass vessel, it corrodes and passes 
through it. When dissolved in selenious acid small prismatic crystals of 
biselenite of lime are obtained, which are permanent in the air; when 
heated, or digested in ammonia, they lose acid, and become neutral. 
{^Ann. de Chim. et Phys.^ ix., 263.) seleniates of lime have not been 
examined, nor has the action of selenium upon calcium or lime. 

Carbonate of Lime, (C + CCLTf,) is the most abundant com- 
pound of this earth; it is artificially formed, when lime-water is 
exposed to air; it becomes gradually covered with an insoluble film 
of carbonate of lime; hence its use as a test of the. presence of car- 
bonic acid. Excess of carbonic acid re-dissolves the precipitate, pro- 
ducing a supercarbonate. Carbonate of lime is also precipitated by the 
carbonated alkalis from solutions of muriate, nitrate, and sulphate of 
lime. It is a tasteless white powder, insoluble in water, and having no 
alkaline reaction. Exposed for a sufficient time to the joint action of a 
red-heat and a current of air, the whole of the carbodic acid escapes, to 
the amount of 44 per cent., and quicklime is obtained. Hence carbonate 
of lime consists of 

Rirwan. Marcet. Stromeyer. Beneliiis. 

Lime ... 1 . • 28 . . 56 . . 65 . . 56.1 . . 56.35 . . 56.4 

Carbonic acid 1 . . 22 . . ^ . . 45 . . 43.9 . . 43.66 . . 43.6 

] 60 100 . 100 100.0 100 . 0 ^ 100.0 

Mr. Daniell obtained artificial crystals of carbonate of lime, from a 
solution of lime in syrup: by exposing this solution to the air, Qay 
Lussac found the whole of the lime deposited in acute rhombic crystals, 
consisring of I atom of carbonate of lime and 5 of water (or 50 -f 45.) 



CARBONATE OF LIME. 


603 


These crystals are not changed by cold water, but in hot water, or ex- 
posed to air, they gradually fall to powder. Boiled in alcohol they retain 
their form but lose 2 atoms of water, becoming (C + CCLTI + s g.) (Ann. 
de Chim. et Pkys.^ xlviii., 301.) 

Native Carbonate of Lime occurs in great abundance aM in various 
forms. The primitive form of crystallized carbonate of lime, or ^ca/- 
careous spar^ is an obtuse rhomboid of 105^ 5' and 74P 55'. " Its 
specific gravity is 2.72. It occurs in every kind of rock, and its 
secondary forms are more numerous than those of any other sub- 
stance. Count Boumon, in his Traits de Miniralogie^ has described and 
figured six hundred and eighty modifications. What is termed Iceland 
spar is this substance, in its primitive form, and of extreme purity: it is 
highly doubly refractive (p. 178) and transparent ; some of ^e varieties 
are opaque or translucent, snow-white, or tinged of different hues. The 
mineral is recognised by its foliated fr^ture, and its moderate hardness : 
before the blowpipe it loses carbonic acid and becoming /me, is intensely 
luminous : it dissolves with effervescence in muriatic acid, and the solu- 
tion, when much diluted, affords a white precipitate with oxalate of 
ammonia. Carbonate of lime sometimes forms stalactites and stalagmites 
(from tfraXa/loi, I drop, and oraXayjxa, a drop,) of which some of the 
caverns of Derbyshire furnish magnificent specimens; it is there deposited 
from its solution in water acidulated by the carbonic acid, and substances 
immersed in this water become incrusted by carbonate of lime, when the 
excess of acid flies off, as seen in the petrifying well at Matlock. A 
fibrous variety of carbonate of lime, called satin-spar^ is found in Cum- 
berland. 

Another variety, originally found in Arragon in Spain, has been 
termed Arragonite; it often occurs in six-sided crystals, of a reddish 
colour, and harder than the common carbonate. There is an acicular or 
fibrous variety, found in France and Germany; and the white radiated 
substance, improperly called Jlos ferri^ is also regarded as of the same 
species. Some varieties contain about 3 per cent, of strontia. The 
crystalline forms of Arragonite have been described in detail by Boumon, 
(Traits de Mineralogie.) They contain a little water, which they lose 
when heated, and fall to powder. This distinguishes Arragonite from 
calcareous spar. It is also a little heavier, its specific gravity being 
from 2.8 to 2.9. 

All the varieties of marble and limestone consist essentially of car- 
bonate of lime ; of these, white granular limestone^ or primitive marble^ is 
most esteemed; '^here are, also, many coloured varieties of extreme 
beauty. It is distinguished from secondary limestone by the absence of 
all oiganic remains, by its granularly foliated structure, and by its asso- 
ciation with other primitive substances. The most celebrated statuary 
marble is that of Paros and of Mons Pentelicus, near Athens; of these, 
some of the finest specimens of ancient sculpture are composed. The 
marble of Carrara, or Luni, on the eastern coast of the Gulf of Genoa, 
is also much esteemed; it is milk-white and less crystalline than the 
Parian. 

Many beautiful secondary marbles for ornamental purposes are 
quarried in Derbyshire, and especially the black marble^ c^ed also 
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Lucullite^ from the admiration bestowed on it by Lucius Lucullus. 
(Pliny, Hist Nat,^ 36, 8.) Its colour appears to depend upon a small 
quantity of carbonaceous matter. Westmoreland and Devonshire also 
afford beautiful varieties of ornamental marble; and in Anglcsea, a marble 
intermixed #ith green serpentine is found, litde inferior in beauty to thee 
verd antique. 

Among the inferior limestones, we enumerate many varieties, such as 
common marble i bituminous limestone^ abundant upon the Avon, near 
Bristol, and known under the name of swine-sione or stink-stone^ from 
the peculiar smell which it affords when rubbed; Oolite or Roestone^ of 
■which the houses of Bath are built; and its variety, called Portland- stone. 
Pisolite consists of small rounded masses, composed of concentric layers, 
with a grain of sand always in the centre; and lastly, chalk and maH. 

All these substances are more or less useful for ornamental purposes, 
or for building; they afford quicklime when burned, and in that state arc 
of great importance as manures^ and as ingredients in the cements or 
mortars used for building. There is a great variety of limestones used 
for burning into quicklime, and, generally speaking, any of the varieties 
may be employed which neither fuse nor crumble into powder at the 
temperature required to expel the carbonic acid, which is a full 
red-heat. 

Lime-burning. Although all the species of limestone may, by 
burning, be brought to the state of quicklime, the substances belonging 
to the family of compact limestone are the only ones that are employed 
for this purpose in the large way. Sometimes calcareous spar, and 
statuary marble, are used in the laboratory for the purpose of procuring 
a lime purer than ordinary. But, owing to the crystalline texture of 
these substances, the laminae of which they are composed part from each 
other during the volatilization of the carbonic acid, so that by the time 
they are rendered caustic, their cohesion is destroyed, and they are 
reduced to the state of sand, a circumstance which must always prevent 
them from being used in kilns of the common construction. The lime- 
kiln at present almost universally employed in this country, is a cup- 
shaped concavity, in a solid mass of masonry, open at top, and terminated 
at bottom by a grate, immediately above which is an iron door. This 
simple furnace is first charged with fuel, (either wood, or coal and cinders, 
but more commonly the latter,) upon which is afterwards laid a stratum 
about a foot thick of limestone, broken into pieces not larger than the 
fist; to this succeeds a chaige of fuel; and so on alternately, keeping the 
kiln always full. The pieces of limestone descend towards the bottom of 
the kiln in proportion as the fuel is consumed, being in the mean time 
kept at a pretty full red-heat. At this temperature, the water and 
carbonic add ore driven off; and by the time the limestone arrives at the 
bottom of the kiln, which happens in about forty-eight hours, it is 
rendered perfectly caustie» The door above the grate is then opened, 
and the lime below the next descending stratum of fuel is raked out; 
the remaining contents of the furnace sink down, and a fresh chaige is 
laid on the top. The compact limestone, after having undergone this 
process, though much lighter and more porous than before, still retains its 
figure unaltered: hence it is readily separable from the ashes of the fuel, 
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Olid is sufficiently hp.rd to be carried lErom place to place without falling 
to pieces. (See Aikin’s Diclionar^, Art. ]Lime.) 

Attempts havelbeen made to bum lime, or, in other words, to expel 
the carbonic acid from limestone, iii close vessels, but it is invariably 
found that the carbonic *acid cannot, under such circumstances, be driven 
off; and, indeed, Buoholz found, that upon strongly heating five or six 
pounds of pure chalk, closely pressed into a crucible, and out of the access 
of air and its watery vapour, scarcely any carbonic acid was driven off; 
but, with the exception of a small portion upon the surface the contents 
of the crucible were converted ii^to a hard, foliated, yellowish mass, 
retaining nearly the whole of the carbonic acid, semi-transparent, and 
evidently having undergone incipient fusion. (Gehlen’s Jbwr., Second 
Series, i., 271 .) This agrees with Sir James Hall s experiments, who, by 
exposing powdered chalk to great heat and pressure, succeeded in fusing 
it (without escape of carbonic acid), and thus imitating the process of 
nature, by which he supposed marble to have been formed. 

Cyanuret of Calcium has not been obtained. When hydrate of 
lime is digested in hydrocyanic acid, a solution of hydrocyanatc of lime 
is formed, which upon evaporation is resolved into ammonia and car- 
bonate of lime. 

SuLPHOCYANATE OF LiME forms deliquescciit acicular crystals, soluble 
in water and in alcohol. {Sulfhocyamiret of Calcium?) 

Borate of Lime is a white tasteless powder of very difficult solubility 
in water. At a red- heat it forms a vitteous mass. 

Fluoborate of Lime forms a gelatinous mass, which has an acid 
taste and reddens litmus. (Berzelius.) 

Characters of the Salts of Lime. These salts have the following 
properties: those which arc soluble are not altered by pure ammonia, 
but they are decomposed by potassa and soda. They are also decomposed 
by the carbonates of potassa, soda, and ammonia, which produce pre- 
cipitates of carbonate of lime. Oxalate of ammonia produces in their 
solutions a white insoluble precipitate of oxalate of limey which, exposed 
to a red heat, affords carbonate of lime or pure lime. Such of the salts 
as arc soluble in alcohol, tinge the edge of its flame of a reddish colour. 
The insoluble salts of lime arc decomposed by being boiled with cjirbonatc 
of potassa, and afford carbonate of lime. 


§ V. BARIUM. 

* 

This metal was discovered by Davy, in 1808; he obtained it by placing 
a globule of mercury upon moistened baryta^ lying upon a plate of 
platinum, in connexion with the positive pole of a powerful Voltaic 
battery: the negative wire was then brought into contact with the 
mercury, which, combining with the evolved barium, gradually became 
an amalgam; this was heated out of the contact of air so as to distil off 
the mercury, and the barium remained. 

Barium has a specific gravity above 2. It is of a gray colour, an4 
rapidly absorbs oxygen; when gently heated it bums with a red light; 
it decomposes water, evolving hydrogen, and forming a solution of baryta: 
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ib properties, however, have hitherto scarcely been ascertained. Its equi* 
valent, deduced indirectly from its saturating power and from the action 
*of chlorine on baryta, is 69. (68.6 Gmelin: 68.7 Turner.) 

Oxide of Barium, Baryta, or Barya (bcL+O) or B, is obtained by 
exposing the crystals of pure nitrate qf baryta for some time to a bright 
red-heat, or by subjecting artificial carbonate of baryta to an intense heat 
thoroughly mixed with about 10 per cent, of finely-powdered charcoal. 
It is of a gray colour, and, when pure, very difficult of fusion. Its 
specific gravity is about 4, hence the name Baryta^ as being the heaviest 
Hipf the substances usually called earths^ftoro heavy). It has a strong 
dkaline taste, and reaction on vegetable colours. It is insoluble in 
alcohol. It eagerly absorbs water, heat is evolved, and a white hydrate 
is formed. Bo^ta, considered as a protoxide qf barium^ consists of 






Davy. 

Berzelius. 

Barium . 

1 . 

. 09 

. . 89.6 . 

. 89.7 

. . 89.55 

Oxygen . 

1 


. . 10.4 . 

. 10.3 

. . 10.45 


1 

77 

100.9 

100.0 

100.00 


Hydrate of Baryta. When pure baryta is sprinkled with water 
it absorbs it, becomes intensely hot, and crumbles down into a bulky 
white powder, which fuses, but does not give out water at a red-heat. 
It is composed of 

Baryta . . 1 . . 77 • . 89.5 

Water . . 1 . . 9 . . 10.6 

1 86 JOO.O 

Hydrate of baryta dissolves in 20 parts of cold, and in 3 of boiling, 
water, forming a solution which is a very delicate test of the presence of 
carbonic acid, and which speedily becomes covered with a film of car- 
"bonate of baryta when exposed to air. A saturated solution of baryta, in 
hot water, deposits flattened hexagonal prisms as it cools, containing, 
according to Dalton, 20, but according to Phillips, 10, equivalents of 
water. {PhiLWag.<, vi., 52, 3rd series.) Baryta-water is powerfully 
alk^ine ^d pc^nous. 

■ Pi&flihtiDE OF Barium. s O.) This compound is obtained when 

baryta is in oxygen, or when dry oxygen gas is passed over frag- 

ments of bii^ta, heated to dull-redness in a glass or porcelain tube: it 
may also be formed by adding one part of chlorate of potassa to four of 
baiyta, previously heated to redness in a platinum crucible; the oxygen 
of the chlorate combines with the baryta, and, by the action of water, 
the remaining chloride of potassium may, be washed out, and a hydrated 
peroxide qf barium remains, composed of 1 equivalent of baryta, 2 of 
oxygen, and 6 of water. (Wohler and Liebig.) The application of this 
compound to the production of the peroxide of hydrogen^ or oxygenated 
water, has already been pointed out. (p. 358.) 

Chloride of Barium. ( Jba + C .) This compound may be obtained 
by heating baryta in chlorine, in which case oxygen is evolved; or in 
muriatic acid gas, when it becomes red-hot, and chloride of barium and 
water are the results. It is generally formed by dissolving carbonate of 
baryta in diluted muriatic acid, evaporating to dryness, and fusing the 
residue in a covered platinum crucible. It is a grayish-white substance. 
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of an ^rid taste, not deliquescent by exposure to air; soluble without 
decomposition in water, and insoluble in alcohol. It is generally kept iu: 
aqueous solution which is in constant use in the laboratory as a test an^ . 
precipitant for sulphuric acid: this, by evaporation, yields flat four-sid^ 
crystals, bevelled at their edges, and permanent in ordinary states of /Ate 
atmosphere, but efflorescent, from the loss of water of crystallization^ in 
a very^dry air at 60°. At 212° the water is soon expelled. 100 parts 
of water at 60 dissolve about 40 parts of those crystals, and at 222°, 
which is the boiling»point of the saturated solution, 100 of water dissolve 
78. The anhydrous chloride of bapum consists of 

Barium . 1 . . 69 . . C6.8 

Chlorine . . I . . . . 34.2 

T ^5 100.0 

The crystals contain, according to Phillips, 14.6 per cent of water (Anti, 
of PhiL^ N, 5., vi., 342), and are, therefr]^ composed of 

Chloride of Barium . 1 . . 105 . . 85.4 

Water . .2 . . . . 14.6 

.1 123 100.0 

Chlorate of (B+C^) was formed by Chenevix in the same 

way as chlorate of^pbi^s^ namely, by passing chlorine through an 
aqueous solution of myta;; but, in consequence of the similar solubility 
of chloride of barium and chlorate of baryta, considerable difficulty 
attended the separation of the products. It was effected by adding to 
the solution of the mixed salts, a solution of phosphate of silver in 
acetic acid, by which the chloride of barium was decomposed and resolved 
into chloride of silver and phosphate of baryta, both of which are insoluble. 
Chlorate of baryta may also be obtained by saturating chloric acid 
(obtained by the action of chlorine upon oxide of silver diffiised in water) 
with hydrate of baryta; or it maj be formed, as suggested by Mr. 
Wheeler, by adding a hot solution of chlorate of potassci to a solution of 
silicated hydrofluoric acSi^,the potassa is precipitated in the form of an 
insoluble silico-fluoride o^ ^ and the chloric acid temaiilig in 

solution, and may be satur^ited with carbonate of baryta^, which throws 
down any excess of the silicated fluoric acid, and leaves chlorate of baryta 
in solution ; this, when filtered and evaporated, yields prisinatic crystals, 
soluble in about 4 parts of water at 60°, and insoluble in alcohol; they 
contain 1 equivalent of water. Sprinkled with sulphuric acid they become 
luminous. By heat they are resolved into oxygen and chloride of barium. 
They are decomposed by dilute sulphuric acid, furnishing sulphate o^ 
bar;^ and chloric acid, and are the best source of that acid. (p. 938.) 
The anhydrous salt consists of 

Chenevix. 

Baryta . .1 . . 77 . . 60.4 . . 47.6 

Chloric Acid . .1 . . 76 . . 49.6 . . 52.7 

1 153 100.0 mo 

Iodide of Barium (66S+Z)is easily formed by acting upon 
or carbonate of baryta, by hydriodic acid, and evaporating the sollitioii. 

It may also be formed by heating baryta in hy^odic gas; water and 
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;^^ide of baring ^ the results. It is ivhite, very difficult of fusion, and 
'llpt decomposed when heated in close tessels. Heated in the air,* iodine 
^is evolved and baryta formed. It is very soluble in water, and the solution 
yields small acicular crystals, which are slightly deliquescent* It 
consists of 


Barium 

1 

69 

35.5 

Iodine . . 

1 

. 125 

64.5 


1 

194 

100.0 


^ loDATK OF Baryta (B+i') is a very difficultly soluble compound. 
It is formed by adding iodine to baryta-wfitor: it falls in the form of a 
white powder, which is to be washed with distilled water. It scarcely 
deflagrates upon burning coals. Highly heated in the air it is resolved 
into oxygen, iodine, and baryta. (Gay Lussae, Ann. de Chim.^ xci., 81.) 
It consists of 

Baryta .1 . . 77 . - 31.8 

Iodic Acid . . 1 . . 165 . . 68.2 

1 242 100.0 

Qromide of Barium (JboL+b) is obtained by adding baryta to the 
ethereal solution of bromine; or by saturating hydrobromic acid with 
baryta and evaporating to dryness ; or by l)oiling excess of prbtobromide 
of iron with frcshly-precipitated c$u*bonale of baryta; filtering and eva- 
poration to dryness: it is fusible, soluble in water and in dcohol, and 
crystallizes in opaque mammellated masses ; or, according to M. Henry, 
Junr.,dn white rhombic prisms, of a bitter taste, and consisting of 


Barium 

* 

1 

69 

. 46.9 

Bromine 

• 

1 

78 

. 53.1 



1 


100.0 


Bromate of Baryta (B+i') has already been mentioned as a source 
of bromic acid (p. 346): it forms acicular crystals, slightly soluble in 
cold water, and producing vivid combustion and a green flame on hot 
charcoal. It is obtained along with the bromide, by the action of bromine 
on solution of baryta. (Balard, Ann. de Chim. et Phjfs.^ xxxii., 367.) 

FLUORijOE OF Barium, ( bcL ’^ f ) is best obtained, according to Berzelius, 
by adding fresh precipitated and moist carbonate of baryta to hydrofluoric 
acid; carbonic acid is expelled, and the fluoride remains in the form of a 
white powder, veiy sparingly soluble in water, but soluble in muriatic 
and nitric acids. It forms a double salt ^gith chloride of barium. 

Nitrate OF Baryta (B+7i^) may be produced by dissolving the 
ng;^^ ca rbonate in nitric acid, evaporating to dryness, redissolving and 
it forms permanent octo&'dral and cubo-octoedral crystals, 
wmcli are aiihydrous: their forms have been described by Mr. Brooke. 
(^Ann. of Phil.^ N. S.y vii., 21.) The taste of this salt is acrid and 
astringent. It is soluble in 12 parts of cold and 4 of boiling water; or, 
^gocording to Gay Lussae, 100 parts of water, at 32°, disso^ 6 parts; 

lfi.8 parts; at 120°, 17 parts; and at 215°, 35.2 parts. It is 
insoluble in' alcohol. It is decomposed with decrepitation by a bright-red 
heat, furnishing pure baryta: this decomposition should be effected in 
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a porcelain crucible; for if platinum be used it is acbqV'tipon, and the 
baryta contaminated by oxide of platinum. 

If a moderately-strong solution of the nitrate of baryta be added to 
nitric acid, a precipitation of nitrate of bary& takes place, in consequence 
of the insolubility of the nitrate in the ucid; hence, in using nitrcte of 
baryta as a test of the presence of sulphuric acid in nitric acid, the latter 
should be considerably diluted previous to its application. Nitrate of 
baryta is composed of 

lienoUus Kirwan. 

Barium . I . , 77 . . 68.7 . • 58.4 . . 67 

Nitric Add . 1 64 . . 41.3 . . 41.6 . . 43 

1 131 100.0 100.0 m. 

SuLPHURET OF Barium is formed by passing sulphuretted 

hydrogen over red-hot baryta in a glass tube, or by fusing a mixture of 
sulphur and baryta in a retort. It may also be obtained by the action of 
hydrogen or charcoal upon ignited sulphate of baryta. The easiest process 
is to mix sulphate of baryta, in fine powder, into a paste with an equal 
volume of floilr, place it in a Hessian crucible, on which a cover is luted, 
and expose it to a white-heat for an hour or two, raising the temperature 
slowly. On pouring hot water on the ignited mass the sulphufet of 
barium is dissolved, and may be separated from undecomposed sulphate 
and excess of charcoal by filti:ation. (Turner.) It is readily soluble in 
hot water, and the solution, on cooling, deposits hydrated crystals. By 
exposure to air, the solution absorbs carbonic acid and oxygen, yielding 
carbonate and hyposulphite of baryta. It dissolves sulphur, but in what 
proportions has not been ascertained. When its solution is' boiled with 
peroxide of copper till it ceases to blacken acetate of lead, and filtered 
whilst hot, it yields pure l^yta; mixed with carbonate of potassa it 
yields carbonate of baiy ta ; Sid, with muriatic acid, chloride of barium. 
It consists of 


Barium 

1 

. 69 

81.2 

Sulphur 

1 

16 

18.8 


1 

86 

100.0 


Hyposulphite op Baryta. (B+S.) This salt is thrown down on 
pouring a solution of chloride of barium into a solution, not too dilute, of 
hyposulphite of lime: it is a white powder, soluble without decomposition 
in muriatic acid ; at a low h*5at it takes fire, and sulphur bums off. When 
the solutions from which it is precipitated are dilute, it falls after some 
minutes, in small crystalline ^|^ins, followed by a copious separation of 
the salt. According to Herschel, (Edin, Phil. Jour. i. 20,) thia^salt 
consists of 


Baryta 

1 

77 

61.6 

Hyposulphurous Acid 

1 

48 

38.4 


T 

126 

1^0 


Sulphite op Baryta (B+5) is insoluble in water, and formed 
adding sulphite of potassa to a solution of chloride of barium. It dissohe^ 
in sulphurous acid, and the solution furnishes acicular and tetraSdral 
crystals when very slowly evaporated. It consists of 

2 r 
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BaiTto . 1 . . 77 . . 70.6 

Bulphiirous acid 1 . . 32 29.4 

T 109 100.0 

Utposulphate of Baryta. (B -f S^.) When sulphurous acid gas is^ 
passed into water holding peroxide of manganese in suspension, a neutral 
solution is obtained, composed of sulphate and hyposulphate of manga- 
nese. These salts are decomposed by excess of baryta, and a soluble 
hyposulphate qf baryta is formed, through which carbonic acid is passed^ 
in order to saturate any excess of baryta; and the whole being heated to 
drive off carbonic acid, which holds a little of the carbonate in solution, 
the hyposulphate of baryta is obtained, and may be purified by ciystal- 
lization. The solution of this salt may be decomposed by the careful 
addition of sulphuric acid, and the hyposulphuric acid is thus obtained in 
solution, as already stated (page 431). 

The hyposulphate of baiyta crystallizes in quadrangtilaf^ prisms 
variously terminated. It dissolves, according to Gay Lussac, in 1 .1 times 
its weight of water at 212°; in 4.04 at 64°; and in 7*17 at 47®. It is 
insoluble in alcohol. At a red-heat it gives out water and sulphurous 
acid, and leaves seven-tenths its weight of nefUtral sulphate of baryta. 
The crystallized salt consists of 

WVlter and 

Gay Lussac. Ileoren. 

Baryta . 1 . . 77 • • 46.1 . . 46.03 . . 45.93 

Hyposulphuric acid . 1 . . 73 . . 43.1 . . 4.3.41 . . 43.31 

Water . . . 2 . . 18 . . 10.8 . . 10.56 . . 10.76 

1 167 100.0 100.00 100.00 

When a solution of this bihydrated salt is set aside in a temperature 
of about 40°, large four-sided prismatic crysjjjpls, terminated by four-sided 
pyramids, arO gradually 'deposited, which, according to Heeren, are a 
quater-hydrated hyposulphate of baryta (B + S' -f 4 g^), composed there- 
fore of 

Hfeien. 

Baryta . 1 . . 77 . . 41.6 . . 41.88 

Hyposulphuric acid . 1 . . 72 . . 38.9 . . 39.49 

Water . . 4 . . 36 . 19.5 . . 18.63 

R. 1 185 100.0 100.00 

» 

Sulphate of Baryta (B+8') is an abundant natural product; it is 
insoluble in hot and cold water, and therefore precipitates whenever sul- 
phuric acid, or a soluble sulphate, is added to any soluble salt of baryta; 
hence the solutions of baiyta are accurate tests of the presence of sulphuric 
acid, and are also used in analysis to determine its quantity. If sulphuric 
acid be poured upon caustic baiyta, the heat is so intense as to cause 
ignition. If the acid be boiled upon the finely-powdered or recently-pre- 
cipitated sulphate, a portion is t^en up; the whole of which^ however, 
falls again upon diluting the solution with water. The extreme insolu- 
bility of this sulphate renders the soluble salts of baryta the most delicate 
tests of the presence of sulphuric* acid, of which a millionth part in solur 
tion may, according to PlMf? be detected by a slight white cloud. When 
the sulphuric acid is in combination the test is somewhat less delicate. 
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but it shows the presence of 1 part of sulphate of soda in 400,000 of water. 
Recently-precipitated sulphate of baryta is sometimes very obstinate in 
subsiding from water, and will not only long remain suspended, but 
adheres to the glass, and will even pass through filtering-paper: heat, and 
a little excess of acid, generally facilitates its deposition. It may be safely 
heated to redness without risk of change, and hence the filter containing 
it, ii\^cases of quantitative analysis, may be conveniently burned away. 

Sulphate of baryta is an anhydrous compound of 

Klaproth. Derzi'lins. 

Baryta . . 1 . . 77 . • 65.8 . . 66.7 . . 65.643 

Sulphuric acid . I . . 40 . . .34.2 . . 33.3 . . .34.357 

1 117 100.0 100.0 100.000 

Native Sulphate of Baryta^ Heavy Spar^ or Baroselenite^ is prin- 
cipally found in the mines of Westmoreland and Cumberland, and in 
Transylvania, Hungary, Saxony, and Hanover. A variety met with in 
Derbyshire, is called cawk. It occurs massive, and crystallized in a great 
variety of forms. Its primitive figure is a rhomboidal prism, the angles 
of which are 101° 45^, and 78° 18'. It is harder than carbonate of lime, 
but not so hard as fluor spar. Its specific gravity is 4.7* 

When native sulphate of baryta is heated it decrepitates, and at a very' 
high temperature fuses into an opaque white enamel : it was employed in 
the manufacture of Jasper-ware by the late Mr. Wedgwood, and for the 
production of opaque white patterns and figures, upon a coloured ground. 
When formed into a thin cake with paste, and heated to redness, it 
acquires the property of phosphorescence. This was first ascertained by 
Vincenzo Cascariolo, of Bologna, whence the term Bologna phosphorus 
is applied to it (p. 1 98). The artificial sulphate of baryta is used as a 
pigment, under the name permanent white. It is very useful for 
marking phials and jars in a laboratory, not being discoloured by sul- 
phuretted hydrogen, as is the case with white lead. 

As the native sulphate is a common and abundant compound, several 
processes have been contrived for obtaining from it pure baiy ta. This 
may be effected by reducing the crystallized sulphate to a fine powder, 
and heating it red-hot for half an hour in a silver crucible with three 
parts of carbonate of potassa: the fused mass is then boiled repeatedly in 
water, till it no longer affords anything soluble in that liquid; the inso- 
luble residue, consisting chiefly of carbonate of baryta, may be digested in 
dilute nitric acid, by which nitrate of baryta is formed, and which will 
jrield the pure earth by exposure to heat as above mentioned. Another 
method consists in exposing to a red-heat, in an earthen crucible, a mix-«. 
ture of six parts of finely-powdered sulphate of baryta with one of pow- 
dered charcoal, for half an hour. This converts the sulphate into sul- 
phuret, which is to be dissolved in hot water, the solution filtered and 
mixed yrith Solution of carbonate of soda as long as it occasions a preci- 
pitate, which, when washed and dried, is carbonate of baryta. Or, by 
adding muriatic acid to the liquid sulphuret, sulphur is thrown down, ai^ 
sulphuretted hydrogen evolved, and chloride of barium formed, which 
may be filtered off, and if required, decomposed by carbonate' of potassa, ; 
Or the sulphuret, as it comes out of the crucible, may be thrown into 
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dilute nitric acid, by wbicli sulphuretted hydrogen is evolved, and nitrate 
of baryta formed, which may be separated from the remaining impurities 
by copious ivashings with hot water. When sulphate of baryta, in very 
fine powder, is boiled in a solution of carbonate of potassa or soda, a por- 
tion of the sulphate is also decomposed, and an equivalent proportion of ’ 
carbonate of baryta formed : this decomposition of the sulphate is, 
however, never entire. (See page 215.) 

Phosphuret op Barium is produced by passing phosphorus over 
heated baryta; there is an intense action, and phosphate of baryta, 
together with a phosphuret of a metallic lustre, is obtained, which acts 
upon water, evolving phosphuretted hydrogen, and afibrds a solution con- 
taining Hypophosphite of Baryta, 

Hypophosphite OF Baryta (B+j&) maybe obtained by the same 
process as hypophosphite of lime; like the other hypophosphites it is 
very soluble in water, and difficultly crystallizable. (Dulong, Ann. de 
Chim. et Pkys., ii., 142.) ^ 

Phosphite of Baryta (B+jO ) was obtained by Berzelius, by adding 
a solution of chloride of barium to phosphite of ammonia ; a crust of 
phosphite of baryta was formed in 24 hours. (Ann. de Chim. et Phys.^ 
ii., 231 .) A red-heat converts it into neutral phosphate of baryta. It dis- 
solves in phosphorous acid, forming, apparently, a distinct bipkosphite of 
baryta. It consists of 


Baryta 

. 1 , 

. . 77 . 

. . 67.8 . 

nenseliuti. 

. 67.24 

Phosphorous acid 

. 1 , 

. 28 . 

. . 24.8 . 

. 24.31 

Water 

, 1 . 

. . 9 . 

. . 8.0 . 

. 8.45 


1 

114 

100.0 

100.00 


Phosphate of Baryta. (B+p/.) When a solution of neutral phos- 
phate of ammonia is dropped (not in excess) into a neutral barytic solu- 
tion, an insoluble white powder falls, which melts into a gray enamel 
when strongly heated, and is soluble in muriatic, nitric, and phosphoric 
acid. It consists of 

Benelina. 

Baryta . I . . 77 . . 68.1 . . 68.8 

Phosphoric acid . 1 . . 36 . . 31.9 . . 31.8 

1 113 100.0 100.0 

Sesuuiphosphate of Baryta. When a saturated solution of phos- 
phate of baryta in phosphoric acid is mixed with alcohol, a bulky 
precipitate falls, which, whendried^ forms a light, white, tasteless, powder; 
composed of 

Batyta .1 . . 77 . . 88.7 . . 60.87 

Phosphoric acid . 1| . . 54 . . 41.3 . . 39.13 

1 131 100.0 100.00 

Bxphobphate of Baryta. Biphosphate of soda occasions no precipi- 
tate in solution of chloride of barium. When a saturated solution of 
^neutral phosphate of baryta in phosphoric acid is carefully evaporated, it 
yields crystals, which, after having been dried on filtering-paper, are per- 
manent in the air. Water resolves them into phosphoric acid and neutral 



CARBONATE OF BARYTA. 


613 


phosphate. (Berzelius, ^nn. de Chim. et Phys,^ ii. and xi.) At a red- 
heat they lose water of crystallization, and a white spongy mass is formed. 
The crystals of this salt contain two proportionals of water ; in its anhy- 
drous state, it consists of 


Baryta 

1 

77 

61.7 

52.2 

Phosphoric acid . 

2 

72 

48.3 

47.8 


1 

149 

100.0 

100.0 


Berzelius found, on digesting neutral phosphate of baryta in ammonia, 
that a portion of the acid was abstracted, leaving a definite combination 
of one proportional and a quarter of baryta, with \ of acid. 

Selenite of Baryta fklls in the form of a white insoluble powder, 
when solution of selenite of potassa is added to muriate of baryta. 
Biselenite of baryta is formed % dissolving carbonate of baryta in sele- 
nious acid; it forms a granular crystalline powder very difficultly soluble 
in water 

Seleniate of Baryta resembles the sulphate in insolubility. 

Carbonate of Baryta. (fi + CCLT^.) This salt falls in the form of 
a white powder, when the soluble salts of baryta are precipitated by the 
alkaline carbonates. It is so nearly insoluble, that water at 6*0^ only 
takes up about and at 212^ about Water saturated 

with carbonic acid dissolves It has no action on vegetable colours: 

it is highly poisonous. When baryta-water is added to solutions of the 
carbonated alkalis, it abstracts their carbonic acid. Like the other carbo- 
nates, it is decomposed by the stronger acids with effervescence. It 
consists of 

Witherinjf/ Berzelius. 

Baryta . . 1 . . 77 . . 77 7 . . 78.6 . . 77-9 

Carbonic acid . 1 . . 22 . . 22.3 . . 21.4 . . 22.1 

1 99 100.0 Too.o ioao 

Native Carbonate of Baryta was first discovered at Anglesark, in 
Lancashire, by Dr. Withering, and hence acquired the name of Witherite. 
It has also been found in Wales, Cumberland, Durham, Westmoreland, 
and Shropshire. Its primitive crystal is an obtuse rhomboid: sometimes 
it forms pyramidal six-sided prisms. That found in Lancashire is in 
globular masses of a radiated structure. It is useful as a source of pure 
baryta and its salts, and though scarcely soluble in water, is poisonous. 
It dissolves very sparingly in solution of carbonic acid, whence the supe- 
riority of baryta-water to lime-water, in some cases, as a test of carbonic 
acid. The native carbonate of baiyta is much more difficult of decompo- 
sition by heat than the artificial; but if mixed with a little charcoal-powder, 
and kept for some time in R red-heat, carbonic oxide escapes, and pure 
baryta is formed. 

Cyanuret of Barium is precipitated in the form of a 

white powder when hydrocyanic acid is mixed with baryta-water. It is 
also formed by heating ferrocyanuret of barium in a retort, for it is not 
decomposed at a temperature which destroys the cyanuret of iron: it is 
sparingly soluble in water, and the solution soon becomes covered by a 
film of carbonate of baryta, when in contact with air. 
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Cyanate OF Baryta. (B + C^'.) When cyanogen is passed throjigh 
a mixture of hydrate of baryta and water, cyanate of baryta and cyanuret 
of barium are formed: the latter may be decomposed by a stream of 
carbonic acid: the filtered liquor then yields, when concentrated by evapo- 
ration and mixed with alcohol, small prismatic crystals : when their 
aqueous solution is evaporated, it decomposes into carbonate of baryta 
and ammonia. 

SuLPHOCYANURBT OP Barium is formed by heating the ferrocyanuret 
with sulphur: it is soluble in water, and forms brilliant acicular crystals, 
which are slightly deliquescent. 

Borate of Baryta is formed by mixing a soluble salt of baryta with 
a solution of borax, and fusing the washed precipitate : it is a gray trans- 
parent glass, very sparingly soluble in water; before fusion it is a hydrated 
salt^ somewhat more soluble in water, and its solution, according to Ber- 
zelius, is decomposed by carbonic acid. It is composed of 

Tbrnard. BerwUiu. L. Gnelin. 

Baryta . . . 1 . . 77 . . 53 . . 67.8 . 66.8 . . 64.9 

Boracic acad . 1 . . 68 . . 47 . . 42.2 . . 44.2 . . 45.1 

1 145 100 100.0 100.0 100.0 

Borofluoride of Barium. Carbonate of baryta is added to the 
aqueous solution of fluoboracic acid, as long as it is dissolved: on evapo- 
ration some boracic acid first separates, and afterwards prismatic crystals 
of the borofluoride, soluble in water without decomposition, and deli- 
quescent in damp air: they contain 10.34 per cent, of water : they are 
decomposed at a red-heat; liquid fluoboric acid first passes off, then fluo- 
boric gas; and fluoride of barium remains^. 

Properties of Barytic Salts. The soluble barytic salts furnish 
white precipitates of carbonate and sulphate of baiyta, upon the addition 
of carbonate or sulphate of soda. They give a yellow tinge to the flame 
of spirit of wine. The sulphate is insoluble in nitric acid and in the 
alkalis, and very sparingly soluble in sulphuric acid. Nearly all the 
barytic compounds are poisonous. Sulphate of baryta is, however, 
harmless ; the safest antidote, therefore, is solution of sulphate of soda. 
(Orfila, Traits de Poisons ; Christison on Poisons,) Chloride of barium has 
been employed in medicine, but the principal use of baryta is in the 
chemical laboratory. It is possible that pure baryta might be economi- 
cally used for the decomposition of sulphate of soda, to obtain the pure 
alkali. 


§ VI. STRONTIUM. 

Sirontia (or strontites) was first discovered in the state of carbonate at 
Strontian in Aigyleshire, and was supposed to be a carbonate of baryta. 

* The only compound mineral hitherto discovered containing baryta, is the har- 
motome or cross^tane; in that from Andreasberg, Klaproth found 

49 
16 
IB 
15 


Alumina 

Baryta 

Water. 


98 
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Crawford, in 1790, pointed out dome of its distinctive characters, but it 
was first shown to contain a peculiar earth by Dr. Hope, in 1792, {Edin. 
Phil. Trans.^ iv.,) and by Klaproth in 1793, (CreU’s Annals^ 1793 and 
1794 .) It is a substance of rare occurrence. The existence of strontium^ 
as the metallic base of the earth strontia^ was first demonstrated by Davy 
in 1808. It is probably as heavy as barium, and resembles it in appear- 
ance and in its leading chemical characters ; it has, however, been as yet 
wsry imperfectly examined. The equivalent of strontium deduced firom 
the best analyses of its compounds is 44, (43.8 Turner, 44 Gmelin.) 

Protoxide of Strontium ; Strontia. {StT^O) or Str. Strontium 
is rapidly oxidized by exposure to air, and it decomposes water, evolving 
hydrogen, and forming the oxide. Strontia may be obtained from the 
nitrate, the carbonate, and the sulphate of strontia, by processes similar 
to those directed in regard to baryta, (p. 606.) It is a grayish-white 
substance; its specific gravity is between 3 and 4; it is extremely infusi- 
ble, not volatile, has an acrid taste, and an alkaline reaction upon vege- 
table colours : it is less caustic than the fixed alkalis and baryta. It 
consists of 

Slronieyer. I>:ivy. Berzelius. 

Strontium . 1 . . 44 . . 84.6 . . 84.67 . . 86 . . 84.65 

Oxygen . . 1 ' . . 8 . . 15.4 . . 15.33 . . 14 . . 15.45 

1 52 100.0 100.00 100 100.00 

Hydrate op Strontia. (Stb-|-0.)’ When strontia is sprinkled with 
water it heats and falls to powder like baryta, forming a solid hydrated 
compound of 1 equivalent of strontia == 52, and 1 of water =: 9 ; it fuses, 
but does not part with its water, at a red-heat. It is insoluble in alcohol. 
It dissolves in about 160 parts of water at 60^, forming strontia-water. 
Boiling water dissolves it more abundantly, arid on cooling deposits crys- 
tals in the form of thin quadrangular tables: their primary form is a 
right square prism (Brooke, Ann. of Phil. 2nd series, vii. 287,) they are 
soluble in 50 parts of cold and 2 of boiling water (Dalton,) and are 
converted by heat into the protohydrate. They contain according to 
Phillips, (PAi7. Mag. 3rd series, vi. 52) 63.76 per cent, of water, and 
consist, therefore, of 1 equivalent of strontia = 52, and 10 equivalents of 
water = 90. 

Peroxide op Strontium may probably be formed by passing oxygen 
over heated strontia, but it has not, I believe, hitherto been so obtained. 
When peroxide of hydrogen is mixed with strontia-water, brilliant crys- 
talline scales are thrown down, composed according to Thenard of 1 equi- 
valent of strontium and 2 of oxygen. 0.) 

Chloride op Strontium. (StT 4- C.) When strontia is heated in 
chlorine, it evolves 1 volume of oxygen for every 2 volumes of chlorine 
that ore absorbed, and a chloride of strontium is the result. Heated in 
muriatic acid, strontia absorbs the gas with ignition and evolution of 
water. Chloride of strontium is generally obtained by dissolving carbonate 
qf strontia in muriatic acid, evaporating to dryness, and fusing the residue. 
It is of a gray colour and an acrid taste. It dissolves in alcohol, and 
the solution bums with a purple-coloured flame. Its aqueous solution 
furnishes, upon evaporation, hexagonal prismatic crystals, which are 
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deliquescent and soluble in two parts of water at 60^. They contain 
40.5 per cent, of water of crystallization. (Berzelius.) The anhydrous or 
fused chloride consists of 


Strontium 

. 1 

44 

66 


Davy. 

68 

Chlorine . . 

. 1 

36 

46 

. . 

42 


Y 

”lo 

100 


100 


Chlorate of Strontia, (Str + C\) is obtained in the same way as 
the chlorate of baryta; it is a yeiy soluble and deliquescent salt, dif- 
ficultly crystallizable, and detonates when thrown upon red-hot coals with 
a beautiful purple light. It dissolves in alcohol. 

Iodide of Strontium, (StT +2,) may be formed as iodide of barium. 
Dissolved in water, and carefully evaporated, it furnishes delicate pris- 
matic crystals {Hydriodate of Strontia\ which, heated in close vessels, 
fuse without decomposition ; heated in the open air, iodine escapes, and 
strontia is generated. Iodide of strontium consists of 


Strontium 

. . 1 


44 

26.1 

Iodine 

. . 1 


126 

73.9 


1 


169 

100.0 


loDATE OP Strontia, (Str -|- i\) is obtained as iodate of baryta ; it 
is soluble in 4 parts of cold water, and is resolved at a red heat into 
oxygen, iodine, and strontia. 

Bromide of Strontium and Bromate of Strontia have not been 
examined. 

Fluoride of Strontium is a very difficultly soluble white powder, 
obtained in the same way as fluoride of barium. 

Nitrate of Strontia. (Str + 71^.) This salt is obtained by the 
same process as nitrate of baryta: it crystallizes in octoMrons: it is soluble 
in 5 parts of water at 60®, and in half its weight of boiling water. It is 
insoluble in anhydrous alcohol. Its taste is pungent and cooling. At a 
red-heat the acid is evolved and decomposed, and strontia remains. 
According to Stromeyer, the crystallized salt, as ordinarily prepared, con- 
tains no water of crystallization. It is used in the red fire employed at 
the theatres, which consists of 40 parts of dry nitrate of strontia, 13 of 
powdered sulphur, 5 of chlorate of potassa, and 4 of sulphuret of anti* 
mony. The chlorate and sulphuret should be separately powdered, and 
mixed together on paper with the other ingredients ; a very small quan- 
tity of powdered charcoal may also be added. When nitrate of strontia 
is finely powdered and mixed with spirit of wine, it communicates a 
beautiful red tint to its flame. It is composed of 





^ • 

St omeyer. 

Coupur. 

Richter, 

Strontia . . 

. 1 .. 

, 62 

.. 49 

. . 49.38 . . 

49.08 

. . 48.6 

Nitric acid . 

1 .. 

54 

.. 61 

.. 50.62 .. 

60.92 

.. 61.4 


T 

106 

loo 

100.00 

100.00 

iioo.o 


Hydrated Nitrate op Strontia. (Str + 71' -f 4 ^.) When a 
moderately-strong solution of the above anhydrous nitrate is set aside, it 
sometimes deposits oblique rhombic crystals^ (Brooke, Ann, of PhiLy 2nd 
series, vii., 288,) composed of 
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Strontia . . 

1 

* , . 

52 

36.6 

Nitric acid . 

1 

. . 

64 

36.0 

Water . , • 

4 


36 

25.4 


1 


142 

100.0 


SuLPHURET OF SxRONTiUM, (StT + S,) maj be formed by fusing 
strontia and sulphur in a green-glass tube; or by exposing the powdered 
sulphate to a red-heat with charcoal. It dissolyes in water with the 
same phenomena as sulphuret of barium, and its solution furnishes, by 
cautious evaporation, crystals of hydrosulphuret of strontia. When 
strontia or sulphuret of strontium is dissolved in water by a current of 
sulphuretted hydrogen, and the solution evaporated in vacuo, square 
prismatic crystals are obtained, which, when heated, fuse and give off 
water and sulphuretted hydrogen, sulphuret of strontium remaining in 
the form of a white powder. (Berzelius.)^ 

Hyposulphite op Strontia, (Str + S,) is formed by passing sul- 
phurous acid into the solution of the sulphuret, or by exposing it to air : 
it crystallizes in rhomboids permanent at common temperatures, and 
soluble in about 5 parts of water at 60^. (Oay Lussac, Ann, de Ckim,^ 
Ixxxv.) According to Herschel, this salt is doubly refractive. Its taste 
is hitter, and it is insoluble in alcohol. The crystals consist of 


Strontia 

1 


52 

Gay Luaane. 

35.6 

Hyposulphurous acid « 

1 

. . 

46 

33.1 

Water 

5 


45 

31.1 


1 


146 

100.0 


Sulphite of Strontia, (Str + 5,) is tasteless, nearly insoluble, and 
becomes sulphate by exposure to air. 

Hyposulphate of Strontia, (Str + S',) crystallizes in hexangular 
tables, soluble in 4.5 water at 60°, and in 1.5 at 212°; insoluble in 
alcohol: bitter, permanent, and leaving 0.577 of sulphate of strontia 
after heating to redness. They consist of 


Strontia . .1 . . 62 

Hyposulphuric acid 1 . . 72 

Water . . .4 . . 36 

32.5 
. . 45.0 

22.5 

Ileoren. 

32.54 

45.36 

22.10 

1 160 

lOO.O 

100.00 

Sulphate of Strontia. (Str + S ^,) 

It is nearly insoluble, 1 part 


requiring 3840 of hot, and 4000 of cold water, for its solution; it is 
therefore thrown down whenever sulphuric acid or soluble sulphates are 
added to solutions of strontia. When heated with charcoal, its acid is 
decomposed, and sulphuret of strontium is formed, which affords nitrate 
by the action of nitric acid. This process, as practised upon sulphate of 
baryta, is sometimes adopted to obtain the earth. Sulphate of strontia 
dissolves in hot sulphuric acid, but is thrown down upon adding water. 
At a very high heat it fuses into an opaque enamel. According to 
Moretti, its acid is expelled at a red heat by arsenic acid. ^ It con- 
sists of 
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Vanqnelin. Stronwyer. Klaproth. 

strontia . . . 1 .. 52 .. 66.62 . . 64 . . 6? . . 68 

SuliAuric add . 1 . . 40 . . 43.48 . . 46 ... 43 . . 42 

1 92 100.00 100 Iw 100 

Native Sulphate of Strontia is sometimes of a blue tint, and has 
hence been called celestine. Sometimes it is colourless and transparent. 
Its primitive form is a prism of 104^ 4ff and 75° 42^ ^th a rhomboidal 
basis. It has been found at Strontian in Argyleshire ; in the vicinity of 
Bristol; at Montmartre near Paris; in Germany, America, &c. The 
finest crystallized specimens are accompanied with native sulphur, from 
Sicily. Its specific gravity is 3.2. A barytq-sulphate of strontia^ com- 
posed of about 3 atoms of sulphate of baryta and 7 of sulphate of 
strontia^ is found in Upper Cana^; and another variety, called radiated 
celestine^ occurs at No^en, near Hanover. 

Phosphuret of Strontium, (JStr + j9,) has properties analogous to 
those of phosphuret of barium. 

Hypophosphite of Strontia has been examined by Dulong : it is a 
very soluble and diificultly-crystallizable salt, and is obtained by a pro- 
cess similar to that for forming the hypophosphite of baryta. {Ann. de 
Chim. et Phys.^ ii., 142.) 

Phosphite of Strontia. When carbonate of strontia is dissolved in 
phosphorous acid, a crystallized salt is obtained on evaporation: the crystals 
are decomposed by warm water, and a white powder &lls, which is probably 
a neutral phosphite. (Berzelius.) When solutions of chloride of strontium 
and chloride of phosphorus are mixed and exposed to spontaneous evapo- 
ration, crystals of phosphite of strontia are deposited : when they are 
heated, pho'sphuretted hydrogen is evolved, and phosphate of stroiitia 
formed. 

Phosphate of Strontia (Str+P^) is an insoluble white salt; it is 
soluble in excess of phosphoric acid. It is entirely decomposed by sul- 
phuric acid. By igniting it with charcoal, phosphuret of strontium is 
obtained. It fuses, before the blowpipe, into a white enamel. Obtained 
by precipitation from nitrate of strontia, by neutral phosphate of soda, it 
consists of 


Strontia . . 

1 

. 52 . 

. 59.1 

VauquHlin. 

. . 56.76 . 

Stromeyer. 
. 63.435 

Phosphoric acid 

1 

. 36 

. 40.U 

. . 41.24 . 

. 36.565 


1 

66 

100.0 

100.00 

100.000 


Selenite of Strontia is an insoluble white powder. (Berzelius, 
Ann. de Chim. et Phys.j ix., 263.) 

Carbonate of Strontia, (Str + C(IT\) when artificially formed, 
is a white powder, soluble in 1536 parts of hot water. When strongly 
heated with a little charcoal-powder, it is decomposed, carbonic oxide is 
given off, and pure strontia remains; but it is not decomposed by heat 
alone. When steam is passed over it at a high temperature, it parts 
with its acid and becomes a hydrate. Before the oxyhydrogen blowpipe 
it slowly volatilizes with a red light. It is very slightly soluble by excess 
of carbonic acid, and the solution deposits small acicular crystals. It is 
composed of ' 
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^ Stromeyet. , Ur*. KlaproUi. 

Stroutia . . 1 . . 52 . . 70.3 . . 70.313 . . 60.8 . . 69.5 

Carbonic acid 1 . . 22 . . 29.7 • • 29.687 . . 30.2 . . 30.5 

1 74 100.0 100.000 100.0 10^ 

Native Carbonate of Strontia or Strontianite is a rare mineral. 
It has a greenish tint, and occurs in radiated masses, and sometimes in 
^icular and hexaedial crystals. It was first discovered, in 1787, at 
Strontian in Argyleshire, whence the name of this earth ; it has also been 
found in Saxony, and in Peru. Its specific gravity is 3.6. It generally 
contains traces of carbonate of lime. 

Cyanuret of Strontium has not been examined. 

SuLPHOGYANATB OF Strontia forms delicate prismatic crystals, which 
deliquesce on exposure. 

Borate of Strontia was formed by Dr. Hope. It is a white powder 
soluble in 130 parts of water. 

Properties of the Salts of Strontia. There is in many respects 
a resemblance between strontia and baryta, which has led to confusion 
in analysis. They are both found native in the states of sulphate and 
carbonate only; both sulphates are slightly soluble in excess of sulphuric 
acid, and nearly insoluble in water; they are decomposable by similar 
means, as well as the native carbonates; they are both crystallizable 
from their hot aqueous solutions, and both attrsict carbonic acid. The 
carbonates are each soluble with effervescence in most of the acids ; but 
the native carbonates are not so easily acted on as the artificial. Pure 
ammonia precipitates neither one nor the other. The following are 
essential distinctions. Baryta and all its salts, except the sulphate, are 
poisonous. The corresponding strontitic salts are not so. Baryta tinges 
fiame yellow ; strontia, red. Strontia has less attraction for acids than 
baryta; hence the strontitic salts are'decomposed by baryta. The greater 
number of the barytic salts are less soluble than those of strontia, and 
they differ in their respective forms and solubilities. Pure baryta is ten 
times more soluble in water than pure strontia. Baryta and Strontia 
may also be distinguished from each other by the following process: 
Dissolve the earth in muriatic, nitric, or any other acid with which it 
forms a soluble salt, then add excess of solution of sulphate of soda, 
filter, and test the clear fluid by carbonate of potassa: if any precipitate 
falls, the earth was strontia; if none, baryta. This shows the slight 
solubility of sulphate of strontia, and the insolubility (in such solution) of 
sulphate of baryta ; but it is doubtful whether, in such cases, lime has 
not sometimes been present. Succidate of ammonia, and fluosilicic acid, 
precipitate baryta, but not strontia. 

§ VII. MAGNESIUM. 

Sir H. Davy found that when moistened magnesia is negatively elec- 
trized with mercury, the resulting amalgam decomposes water, and 
gives rise to the formation of magnesia. The metallic base of magnesia 
had not, however, been examined, till Bussy, in 1830, obtained it hy the 
decomposition of chloride of magnesium by potassium. {Ann. de Ckim. 
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et'Phys.^ xlyi.) To effect this, some globules of potassium are put into 
a glass tube, and fragments of the chloride placed over them : the latter 
is then heated till it begins to fuse, and the potassium allowed to run 
through it by slightly inclining the tube; light is evolved, and the mass, 
when cold, affords, on washing with water, a number of small metallic 
globules, of a silver colour and lustre, and hard but malleable. They are 
not acted upon by water. Mixed with chloride of potassium and fused, 
they coalesce into one mass, their fusing-point being apparently about 
that of silver. They dissolve in dilute muriatic, nitric, sulphuric, and 
acetic acids, and furnish solutions of magnesia. Heated in the air, or in 
oxygen, they bum vividly into magnesia. The equivalent of magnesium 
may be assumed as 12, (12.7 Turner, 12 Gmelin.) 

Oxide op Magnesium ; Magnesia. {iTlCLg + O.) This is the only 
compound of magnesium and oxygen ; it is generally procured by ex- 
posing the carbonate of magnesia for some time to a red-heat. Magnesia 
is a white insipid substance, which slightly greens the blue of violets, 
and reddens turmeric. But water which has been agitated with mag- 
nesia, when filtered through paper, does not produce similar effects 
(Heniy.) Its specific gravity is 2.3; it is almost infusible, and nearly 
insoluble in water. Cold water is said to dissolve it in the proportion of 
between a six and seven thousandth part ; whereas one part of the earth, 
according to Dr. Fyfe, requires for its solution 36000 of boiling water. 
I once succeeded in agglutinating a small portion of this earth in the 
Voltaic flame, and whilst exposed to this high temperature, it was per- 
fectly fused by directing upon it the flame of oxygen and hydrogen. 
A mixture of magnesia and lime is scarcely more fusible than the pure 
earth. It does not absorb carbonic acid or moisture, nearly so rapidly as 
the other alkaline earths, and scarcely any heat is produced by pouring 
water upon it. When thrown down from its solutions by potassa, col- 
lected upon a filter, and dried at 212^^ it still retains a considerable 
quantity of water, amounting to about one-fourth its weight; in this 
state, therefore, it is a hydrate of magnesia. It is insoluble in solutions 
Gf potassa and soda. It forms bitter saline compounds with the acids, 
and is most readily distinguished from the other earths by the solubility 
and bitter taste of its sulphate: the sulphates of the other alkaline 
earths being tasteless, or very difficultly soluble, while those of the earths 
proper are sweet or astringent. The attractions of magnesia for the acids 
correspond, in most instances, closely with those of ammonia, which is 
in some cases displaced by, and in others, displaces magnesia. It may 
also be observed, that ammonia and magnesia produce double salts with 
most of the acids. Magnesia consists of 

Wollaston. Gay Liissac Berzelius. 

Magnesium 1 . . 12 60 . . 59.3 . . 59.5 . . 61.29 

Oxygen . 1 .. 6 . . 40 . . 40.7 •• 40.5 38.71 

■ ® _ |_ , 

1 20 100 100.0 100.0 100.00 

Native Hydrate of Magnesia. This mineral was first discovered 
by Dr. Bruce, in the serpentine rocks of Hoboken, in New Jersey; it has 
sJso been found by Dr. Hibbert, in a vein, traversing serpentine, at Swina- 
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n^ss in Unst, one of the Shetland Isles. It has a greenish hue, and a 
soft lamellar texture. It consists of 

Bruce. Fyfe Stroineyer. . 

Magnesia 1 . . 20 . • 69 . . 70 . . 69.76 . . 68.35 

Water .1 .. 9. . . 31 .. 30 .. 30.25 .. 30.90 

1 29 100. 100 100.00 79.15 

« Chloride of MAONFiiiUM, + C,) may be obtained by passing 

chlorine oyer red-hot magnesia, mixed with a little charcoal ; or more 
conveniently, by heating in a retort a mixture of 1 part of magnesia with 
2 of sal-ammoniac; or by Liebig's method, which consists in evaporating 
a solution of equal parts of the muriates of ammonia and of magnesia, 
and heating the dry residue in a platinum vessel till the muriate of 
ammonia is expelled and the mass fuses. The residuary chloride of 
magnesium foims a lamellar white crystalline mass, which evolves heat 
when acted on by water. This chloride cannot be obtained by merely 
evaporating its aqueous solution to dryness in an open vessel, for in that 
case muriatic acid escapes, and magnesia remains ; but Davy found that 
. magnesia heated in chlorine absorbed it, and gave out the usual propor- 
tion of oxygen. Chloride of magnesium consists of 

Magnesium . . 1 . . 12 . . 25 

Chlorine ... 1 . . 36 . . 75 

I 48 100 

When solution of chloride of magnesium is concentrated by evaporation, 
and exposed to a cold atmosphere, it yields prismatic hydrated crystals, 
deliquescent, veiy soluble in water and alcohol, and of a bitter and 
biting taste: they contain, according to Murray, 5, according to Thomson, 
6 equivalents of water. This salt is generally termed muriate of mag-- 
nesia ; it is found in a few saline springs, and in the water of the ocean. 
By evaporating a pint of sea-water we obtain 

Common salt . . 180.5 grs. 

Chloride of magnesium 23 

Sulphate of magnesia 15.5 

„ lime . . • • • 7*1 

226.1 

According to Murray {Edin, Phil. Trans, viii. 205,) the elements of 
these salts, previous to evaporation are arranged thus: — 


Common salt 

. 

180.5 grs. 

Muriate of magnesia . 

. 

18.3 

„ lime 

. 

6.7 

Sulphate of magnesia . 

. 

21.6 



226.1 


The average apecific gravity of sea-water is 1.026 or 1.028. It freezes 
at about 28.6®, and does not appear materially to differ in composition in 
different latitudes, provided it be taken from a sufficient depth. Near 
the mouths of rivers, uni in the vicinities of melting ice or snow, its 
composition will of course vary. Traces of chloride of potassium, imd of 
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iodine and bromine, may also be found in it; and, according to Dr. 
Maicet {Phil. Trans.^ 1822), of triple sulphate of magnesia and potassa, 
and of muriate of ammonia. He has also detected in it a minute portion 
of carbonate of lime. 

Chlobiue of Magnesia. The fluid obtained by condensing chlorine 
in a mixture of magnesia and water, was recommended by Davy 
{Elements of Chem. Phil.y 243) for some delicate bleaching-operations, 
but it has not been genendly employed. 

Chlorate of Magnesia is obtmned by mixing a solution of fluosili- 
cate of magnesia mth a hot saturated solution of chlorate of potassa, as 
long (iifs a precipitate falls. (Berzelius.) This sa)t has not been examined. 

Ammonio-culoride of Magnesium is a crystallizable salt soluble in 
6 parts of water, at 60°. 

PoTASSO-CHLORiDE OF MAGNESIUM may, by veiy careful evaporation, 
be obtained in rhombic crystals; but the constitution of this salt is 
so delicate, that it is liable to be separated into chloride of potassium and 
of magnesium by water alone; and it is with certainty decomposed by 
alcohol, which t^es up the magnesian chloride, and leaves the other 
undissolved (Marcet, Phil. Trans.^ 1622, p. 456.) 

Iodide of Magnesium, {mog+i.) When iodine is heated with 
magnesia and water, iodide qf Magnesium and iodate of magnesia are 
formed. By concentrating the solution, both salts are partly decomposed, 
and a browir flocculent iodide of magnesia falls (resembling kermes 
in appearance,) which, when heated, loses part of its iodine, and is 
changed into a subiodide. (Henry, i. 593.) The hydrated iodide is very 
difficultly crystallized, and when heated, gives off hydriodic acid and 
leaves magnesia. 

Bromide of Magnesium, (17icig+by) is only known as a deliquescent 
hydrate^ resolved, by heat and air, into magnesia and hydrobromic acid. 

Fluoride of Magnesium is obtained by digesting mag- 

nesia in hydrofluoric acid. Berzelius says that it is insoluble, and unde- 
composed at a red-heat. 

Nitrate of Magnesia (M+71') crystallizes with difficulty in rhom- 
boidal prisms, deliquescent, and soluble in its weight of water. In pure 
alcohol it is nearly insoluble, but 1 part dissolves in about 9 of alcohol of 
the specific gravity, 840. Its taste is cooling and bitter, and it is decom- 
posed at a red-heat. It is sometimes found in crude nitre. The crystal- 
lized salt, according to Kirwan and Bergman, contains about 30 per cent, 
of water; according to Thomson 6 atoms: anhydrous nitrate of magnesia 
consists of 

Wenzel. Richter. 

Magnesia .1 20 . 27 . . 28 . . 30.4 

Nitric add .1 . . 54 . . 73 . . 72 . . 69.6 

T 74 Too Too 100.0 

Ammonio-nitrate of Magnesia may be obtained by evaporating a 
mixed solution of nitrate of ammonia and nitrate of magnesia; it forms 
prismatic crystals^ of a bitter acrid taste, solable in about 11 parts of 
Water at 60°, and less deliquescent than their component salts separately. 
(Foubcroy, Ann. de Chink, iv. 216-) 



SULPHATE OF MAGNESIA. 


623 


SuLPHURET OF Magnebium. {IflflCLg 8.) SulphuT and magnesia do 
not appear to form n complete sulphuret, for when melted together the 
compound does not dissolve in water; and when heated, the sulphur 
bums off. Nor can a sulphuret of magnesium be obtained by heating 
the metal with sulphur.* Berzelius states that sulphate of magnesia 
decomposed by an aqueous solution of sulphuret of barium yields a preci- 
pitate of sulphate of baiyta and a solution of sulphuret of magnesium. 

Hyposulphite of Magnesia (M + 1) may be formed by boiling flowers 
of sulphur in solution of sulphite of magnesia; it is bitter, very soluble, 
but not deliquescent. Being more soluble in hot than cold water, it 
readily crystallizes as its solution cools; heated, sulphur escapes, bu^t is 
not very combustible. ^ 

Sulphite of Magnesia (M.+S) is prepared by passing sulphurous 
acid through water containing difi^ed magnesia. It forms tetraedral 
crystals soluble in 20 parts of water at 60°. 

Ammonio-sulphite of Magnesia may be obtained by mixing the 
solution of the two salts, or by saturating acid sulphite of magnesia, 
with ammonia. It forms transparent, difiicultly-soluble crystals. 

Hyposulphate of Magnesia (M+S') is difficultly crystallizable and 
readily soluble in water, but not deliquescent. It is formed by mixing 
the solutions of sulphate of magnesia and hyposulphate of baayta, and 
appears from Heeren's analysis, (Poggendorff, vii. 179,) to consist, when 
crystallized, of 


Magnesia . . . 

1 

20 

13.70 

Hyposulphuric acid . 

1 

72 

49.31 

Water . . . 

a 

54 

36.99 


1 

146 

100.00 


Sulphate of Magnesia (M+^) is a commonly-occurring compound 
of this earth, much used in medicine as an aperient. When concentrated 
sulphuric acid is poured upon magnesia, intense heat is produced, and 
sometimes light. If the acid be dilute, and poured upon carbonate of 
magnesia, the latter is slowly dissolved with effervescence; and, upon 
evaporating the filtered solution, crystals of sulphate of magnesia may be 
obtained. Sulphate of magnesia is largely consumed for the medicinal 
preparation of carbonate of magnesia. It crystallizes (see fig. 10) in four- 
sided prisms with reversed diedral summits, or four-sided pyramids. 
(Brooke, Ann. of PhiLy 2nd. series, vi. 40.) Exposed to the air, it has, 
when pure, a slight tendency to efflorescence, but the salt of commerce is 
often deliquescent from the presence of a little chloride of magnesium.* 
Its taste is saline and bitter. It is soluble in its own weight of water at 
60°, and in three-fourths its weight of boiling water. When exposed to 
a red-heat, it loses its water of crystallization, but is not . decomposed. At 
a high temperature it runs iiito a white enamel. 

The aqueous solution of sulphate of magnesia furnishes a precipitate 
of hydrated carbonate upon the addition of the carbonates of potassa and 
soda, but carbonate of ammonia does not even render it turbid, unless 
heat be applied, in which case a precipitate is also thrown dovm. The 
alkaline bicarbonates occasion no precipitate when added to cold solutioni 
of sulphate of mcgnesia, but after some hours crystals of hydrated carbonate 
of magnesia are deposited. 
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This salt ts usually obtained from sea- water, the residue of which, 
after the separation of common salt, is known by the name of bittern^ and 
contains sulphate and chloride of magnesium; the*^ latter is decom- 
posedi# sulphuric acid : it is also occasionally Stained from saline 
sometimes by the action of sulphuric acid on magnesian 
limegrcw. It is also largely obtained in some alum- works; but the 
ciyswlized salt from those sources generally contains traces of iron, which 
renders it unfit for many of the purposes of the pharmaceutical laboratory. 
It was once procured from the springs of Epsom in Survey, and hence 
called Epsom salt. It has been found nq^tive^ constituting the bitter salt 
and|^at> salt of mineralogists: it not unfrequently dbcurs as a fine capil- 
lary incrustation upon the damp walls of cellars and* new buildings. 

The sulphate of magnesia of commerce is occasionally adulterated with 
small crystals of sulphate of soda; the fra^i is detl^cd by the infci;jior 
weight of the precipitate, occasioned by adding carbonate of potassa; 
100 grains of pure crystallized sulphate of magnesia furnishing a precipi- 
tate weighing, when dried at 212^, about 40grauxu Anhydrous sulphate 
of magnesia consists of 


Henry Gay Lnssae Berzeliui Wenrel 

Magnedft . 1 !. 20 .. 33.83 .. 32.14 . . -33 .. 34 .. 35.5 

Snlphurie acid 1 . . 40 . . 66.67 . . 67.86 . . 67 . . 66 . . 64.5 

1 60 • 100.00 Tw iw 100.0 

And the crystallized salt consists of 


Magnesia . 

1 

. . «20 

. . 16.26 

Gay Lttssac 

. . 1604 

Sulphuric acid 

1 

. . 40 

. . 32.52 

. . 32.53 

Water 

7 

. . 63 

. . 51.^ 

. . ^51.43 


1 

123 

100.^ 



'4 


Wen^ 

M-M 

8D.64 

'^00 


AAimonio-Sulphate of Magnesia may be ^obtained by mi^g solution 
of sulphate of ammonia with solution of sulj^ate of magnesia; or by 
" pouring thnmonia^njn a solution of the sulphate of ma^esia, in which 
case, part only of t^e magnesia is thrown down, J^e remainder forming, 
with the sulphate of* ammonia, this triple sAt. It crystallizes in 
oblique rhombic prisms, (Brooke, Ann, of Phil.y 2nd. series, yii. II 79 ) 
consisting of ^ 


Ammonia . 1 

Magnesia . i 

Sulphuric acid 2 

Water . . 8 

Crystallized . . 1 


17 

20 

80 

J1 

189 


Sitscherlich 

9.60 

. 10.58 

. 42.33 
. 38.09 

1^.00 


Sulphate of) 
Ammonia. / 


Sulphate of) 
M^eaia. t 

ftry . 


Foureroy 


100 


Sulphate oePoMMa and Magnbma (P+VL+ s9')foniisrhomboidal 
crystals, scatc^ mom wivble than sulphate of potasta, |hid of a bitter 
taste. lEhis allt appeaiji^^m Dr. Maicef s observations, to exist in sea- 
water. It may be obtauted by eyaporating MSuixtimi of 2 parts of 
sulphate of potassa, and 1 of sulphate of magnesia, in^ipaiplex ciystals 
consisting ef 
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MifaMStWYlich. 

Potassa . . 1 . . 48 v 23.46 

Magn&am^ . .1 , . 20 . . eiW 

SulpMiic OQid • 2 . . 80 , . -;*t 

Water ■ . . 6 . . 54 . . 

1 202 

Sulphate of Soda and Maonebia, (S+M + s^O forms truncated 
rhombic crystals, soluble in about 3 parts of water at 60^; it was first 
examined by^Iink, and afterwards by Dr. Murray, (Edin, PhiU Trans,y 


) The crystals contain ^ 





« 



Mur^. 

Sulphate offi 

Si’ * ^ * 

72 . 

38.5 

39 

Sulphate of 1 

obmesia 1 

60 

32.4 

32 

Water , 

• #9 

54 

29.1 

29 


1 

186 

100.0 

100 


Phosphuret of Maonesium has not been examined. 

Hypophosphite of MJtilNESiA may be obtained by boiling oxalate of 
magnesia for a long time with hypophosphite of lime, filtering and care- 
fully evaporating tha liquid. It crystallizes in octoedra, containing 55 per 
ecn/. of water. 

Phosphite of Magnesia (M+Jp) requires 400 parts of water for 
solution, and is j^ystallii^ble. An hmStonio-phosphite of magnesia may 
he formed, whi^ is crysttilizable, and difficultly soluble. 

Phosphate of MawHssia. (M-i-j9^0 This salt may be obtained by 
adding phosphoric acid to a solution of acet%te of magnesia, and evapo- 
rating the mixture. According td^Fourcroy, four-sided prismatic crystals 
of phosphate of magi|esia may be obtained by mixing the aqueous solu-^ 
tions of phosph^' of soda hnd sulphate of magnesia. They require 
about 15 parts" oi^ater at 60^ for solution, and are slowly effiorescent; 
when heatedi before tjhe^^wpipe, they leave a fusible transparent glass. 
They arc resolved by Mnling water into an yisoluble snbphosphate of 
magnesia andTIi^ soluble superphosphate* The minepd called Wagnerit 
is a sesquiphospMlsi^^iOf magnesia. The crystallized netUral phosphate 
consists of * fr 

Riffault. 

Magnesia . . 1 • • 20 . . 16.8 * * 1 47 

Phosphoric acM 1 . . 86 . . 30.2 • • / 

Water ... 7 . - 63 . . 53.0 . * 63 

7 119 100.0 100 

> Ammonio-phosph^ of Magnesia is obtained by mixing strong and 
warm solutions of phol^hate of ammonia and phosphate of mi^eriia; it 
precipitates in the form of a white crystalline powdfsr, or in small fi(mr- 
sided prisms, tasteless, and scarcely soluble in ws^' W n^ly soluble 
in dilute mmatic acid. Exposed to a hig^^mjimti^ fisUs 

into powder, evolves ammonia, fuses with ^^eulty, aw leil^ an aeid 
phosphate of according to Berzelius^ a hwtial douMe 

phosphate, anMmsistim 

..A . Shi." ■ 
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Ammonia . . . 

1 

17 

H.7 

Magnesia . . . 

i 

20 

13.8 

Phosphoric acid . 

2 

72 . 

49.7 

Water .... 

4 

36 

24.8 


1 

145 

100.0 


When phosphate of soda is added to solution of sulphate of 
nufgiiesia^ previously mixed with solution of carbonate of ammonia, a salt 
gUS^ually fells which has generally been considered as identical with the 
previous salt, but which is in fact a mbsalt: it exists in urine, and is a 
common ingredient in urinary calculi. If, after having mixed a solution 
of magnesia and of phosphate of soda with bicarbonate of ammonia, and 
having put some 6f the solution into a watch-glass,'" or upon a piece of 
plate-glass, lines be traced upon the glass thus covered, with a glass-rod, 
the salt will be deposited upon the traces. This appearance, the cause of 
which has not been adequately explained, has been ingeniously proposed 
by Dr. Wollaston as a test of the presence of magnesia; a similar appear- 
ance, however, ensues in other cases of granularly-crystallized precipitates, 
hut never where they are pulverulent. 

To sepamte magnesia from other earths, chemists have availed them- 
selves of the formation of this double subphosptmie. A mixture, for in- 
stance, of lime and magnesia may be dissolved in muriatic acid ; and, upon 
the addition ofbicarbonate of ammonia, the lime is thrown down in the state 
of carbonate, but the magnesia is retained by the excess of carbonic acid. 
Filter and add a saturated solution of phosphate of soda in excess, and in 
a short time the ammonio^magnesian subphosphate fells down. In occa- 
sionally employing this process, I have never been able to thro^ down the 
whole of the magnesia, a minute portion being retained in solution, and 
another felling with the lime. ]^rzelius directs the liquid to be tested 
to be mixed with muriate of ammonia, then caustic ammonia added in 
very slight excess, and, if necessary, filtered. Oxalate of ammonia is 
then added, and the oxalate of lime separated by filtration. Phosphate 
of so^ or phosphate of ammonia with excess of bai^, being now dropped 
in, if much magnesia is present, the solution immediately becomes turbid ; 
if rery little, the precipitate is some time falling, and is accelerated by 
drawing lines on the glass with a glass rod, as above stated. 

According to Marcet, ( Geological Trans. ^ i., 236,) 11.82 grains of 
pure magnesia dissolved in muriatic acid, gave, by precipitation with 
carbonate and phosphate of ammonia, 65.8 grains of ammonio-magnesian 
phoqihate dried at 120^. These 65.8 grs., heated to redness, left 30.8 
grains of friable phosphate of magnesia, soluble in muriatic acid, and 
tasteless. Dr. Marcet infers that this ignited phosphate of magnesia 
ooaaiiite of; 38.5 magnesia, and 61.5 phosphoric aoid.j^er ceit/., numbers 
iirbi& i^proximate to 1 atom of magnesia 1 atom of phosphoric acid. 
dso/Heniy, Trans., 1810, p. 112.) 

Aocovdlpg to deraelius (Lehrbuch) the ammonio*magnesian phosphate 
in fluids containing phosphate of, ammonia or Iknimo- 
of spd^; so;limt hs the precipttation o^^ 

n^ of:iKid;^and.^l^ at a red 

heat» .^7-44:1^ eesul,. of water and ammi^a, a^ ^M^ ceni. of 

neutnd phe^hate of magneda. The bigrgen^riu is to that in 
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the magnesia as 5 to 1, and the proportion of ammonia is such as to neu- 
tralize the phosphoric acid of the magnesian salt. It is probable, there- 
fore, that the ammonio-magnesian phosphate precipitated as above, and 
dried at 100°, consists of 


Ammonia . . 

1 

. . 17 

14.41 

RiffkiiU. 
. . 13.880 

Magnesia . 

1 

. . 20 

16.96 

. . 16.808 

Phosphoric acid . 

1 

. . 36 

30.46 

. . 30.667 

Water 

6 

. . 45 

38.18 

. . 38.645 


7 

118 

100.00 

100.000 


Carbonate op Magnesia. (M+Ofl57*'.) This term is generally ap- 
plied to the white precipitate obtained by adding carbonate of so^ or 
potassa to a solution of sulphate of magnesia, and thoroughly edulcorating 
and drying the precipitate; it is usually obtained from boiling solutions, 
and great attention should be paid to the purity of the water employed in 
washing the precipitate, and to the method of drying it. It varies some- 
what in composition, and in density, when dried, according to the method 
adopted in its precipitation. This is the magnesia alba of pharmacy, and 
appears to be a compound of hydrate of magnesia and carbonate of mag- 
nesia, probably in the proportions of 1 atom of quadrihydrate and 1 atom 
of carbonate. (M + 45 ^)-!- (M+Ctt/*'), or, perhaps, (M+ 35 ')+(M+ 
CtZ7*'+^.) It Ims been repeatedly analyzed, and the following are some 
of the results: 

Dalton 

and Bucliolz. 

Kirwan. Bergman. Henry. Klaproth, hot ppt. cold ppt. Beneliua. 


Magnesia . 

45 

. 45 

. 43 

. 40 

. 42 

. 33 

. 41.60 to 43.2 

Carbonic acid . 

34 

. 25 

. 40 

. 33 

. 35 

. 32 

. 36.58 to 36.4 

Water . . . 

21 

. 30 

. 17 

. 27 

. 23 

. 35 

. 21.6» to 2a4 


100 

100 

100 

100 

100 

100 

100.00 100.0 


When a current of carbonic acid gas is passed through a mixture of 
water and magnesia, a clear solution of bicarbonate of magnesia is 
obtained, which has a bitter taste, and which, when surchaiged with 
carbonic acid, affords a useful medicinal preparation, which is sold under 
the name of magnesia water^ and is useful in some calculous affections. 
But a solid or crystallized bicarbonate of magnesia cannot be obtained, 
and the crystals which are deposited when this solution is left to spon- 
taneous evaporation, and which are oblique rhombic prisms (Brooke, 
Ann, of Phil.f 2nd series, vi., 375), are hydrated carbonate of magnesia, 
composed of 

Berzelius. Henry. 

Magnesia. . . 1 . . 20 . . 29 . . 29.6 . . 30 

Carbonic acid . . 1 . . 22 . . 32 . . 31.6 • . SO 

Water . . . 3 . . 27 . . 39 . . 3a9 . . 40 

1 69 100 lOaO 100. 

When these crystals of hydrated carbonate are put into cold wat^ 
they are decomposed, bicarbonate of magnena is ^Ussolved, h siifl^ 
carbonate is deposited; boiling water produces the same prempitatej^^h^ 
carbonic acid is evolve^ and nothing remains in solution: in case the 
precipitate is magnesia alba, ■ 

2 s 2 
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are otter processes by which the carbonate of magnesia of 
commerce is procured, such as by decomposing biitem, or impure muriate 
of magnesia of the sea-salt works, by magnesian limestone, or by crude 
carbonate of ammonia, produced by the distillation of bone; in the latter 
case muriate of ammonia and carbonate of magnesia result; the solution 
of the muriate is evaporated to dryness and sublimed uith chalk; car- 
bonate of ammonia is thus reproduced for the decomposition of a second 
portion of bittern, and so on. Carbonate of magnesia was first used in 
medicine early in the last century. 

Native Carbonate of Magnesia has been found in Piedmont and 
Moravia, constituting the mineral called magnesite* It has also been 
found at Hoboken, in North America, in veins in a serpentine rock, 
accompanying the native hydrate* It is generally white and friable, and 
in some places in fine acicular crystals. A variety of native carbonate of 
magnesicu brought from the East Indies by Mr. Babington, has been 
described and analyzed by Dr. Henry (^Ann* of Phil*^ i., 254). It is white, 
massive, hard, of a conchoidal fracture, and translucent at the edges; 
specific gravity 2.6. It slowly dissolves in acids, and is composed of 1 
atom of magnesia + 1 atom carbonic acid. 

Ammonio-carbonate of Magnesia is obtained by mixing excess of 
bicarbonate of ammonia with muriate of magnesia; it forms very small 
crystals, which are gradually deposited, and which are decomposed by 
hot water, and by exposure to air. 

Carbonate of Potassa and Magnesia. When excess of bicarbonate 
of potassa is mixed with muriate of magnesia, no precipitation ensues, 
but in a few days crystals are formed, of an alkaline taste, which are 
decomposed by hot water. They may be regarded as a hydrated com- 
pound of ^1 atom of bicarbonate of potassa + 2 atoms of carbonate of 
magnesia, for they consist of 


Potassa 

1 

. . 48 

. . 18.4 

Berzelius. 
. . 18.28 

Magnesia 

2 

. . 40 

. . 15.6 

. . 15.99 

Carbonic Acid 

4 

, . 88 

. . 34.4 

. . 34.49 

Water 

9 

. . 81 

. . 31.6 

. . 31.24 


1 

257 

100.0 

100.00 


Carbonate of Soda and Magnesia is formed as the triple potassa- 
salt, by bicarbonate of soda; but it is not so easily decomposed; and, 
accordingly, when magnesia is precipitated by excess of carbonate of soda, 
a portion of the triple soda-salt is retained, and not easily washed away. 

Carbonate of Limb and Magnesia is the mineral Imown under the 
name of bitter-spar; it has the primitive foxm of carbonate of lime, and 
consists of 1 atom of each of its component carbonates. 

Borate up Magnesia may be formed artificially, by boiling boracic 
add and magneria in water; as the solution cools, it deposits the salt in 
ciystalline grains. .Paper which has been moistened with it hums with 
a fine green flame; at a red-heat it runs into a transparent glass. It 
occurs native in a mineial called boracite, hitherio only found in the 
duchy of Lunebuiglk Its primitive form is the cube, hut the edges and 
aisles are generally replaced by secondary phmes, and foui' of the angles 
are always observed to present a greater nuihber of fleets than the otiiet 
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four: these crystals become electric by heat; the most complex angles 
being rendered positiye, and the simplest negative. It sometimes contains 
lime. It appears to consist of 

ArfnredBon. Stromeyer. 

Magnesia . . 1^ . . 30 . . 30.02 . . 30.3 . • 33 

Boracic Acid . . 1 . « 68 . . 69.38 . . 69.7 • • 67 

I 98 100.00 100.0 Too. 

The Salts of Magnesia are, for the greater part, soluble in water, and 
afford precipitates of magnesia, and of carbonate of magnesia, upon the 
addition of pure soda, and of carbonate of soda. Phosphate of soda 
occasions no immediate precipitate when added to a magnesian salt, but 
the subsequent addition of ammonia causes a white precipitate of the 
triple ammonio-magnesian phosphate. The pure magnesian salts, when 
heated before the blowpipe with a little nitrate of cobalt, furnish pale 
rose-coloured compounds. ‘ 

Magnesian Minerals are generally soft and apparently^nciuous 
to the touch ; they have seldom either lustre or transparency, and are 
generally more or less of a green colour. Steatite or soapstone^ talc^ 
and asbestos^ may be taken as instances. The chrysolite also contains 
more than half its v/eight of magnesia. The mineral called biUer'^spar^ 
of which the finest specimens come from the Tyrol, contains 45 per cent. 
carbonate of magnesia, 52 carbonate of lime, and a little iron and manr- 
ganese. Its primitive crystal is a rhomboid nearly allied to that of 
carbonate of- lime; its angles being 106° 20', and 73° OB'. It is of a 
yellowish colour, and a pearly lustre ; semi-transparent and brittle. A 
variety found at Miemo in Tuscany, has been called Miemite. The 
species of marble, termed Dolomite^ found in the Alps, at Icolmkill in 
(Scotland, and elsewhere, contains also a large quantity, generally 40 per 
cent, of carbonate of magnesia. The same may be said of the magnesian 
limestone of Derby and Nottingham: it is generally of a yellowish colour, 
and less rapidly soluble in dilute muriatic acid, than the purer limestone, 
whence the French have termed it chaux carbonatee lente. The lime 
which it affords is much esteemed for cements, but for agricultural pur- 
poses it is often mischievous, in consequence of its remaining caustic for 
a very long time, and thus injuring the young plant. 

The separation of magnesia and lime is a problem of some importance 
in analytical chemistry, as they often exist together in the same mineral, 
more especially in the varieties of magnesian limestone. When solution 
of carbonate of ammonia is added to the mixed solution of lime and 
magnesia in nitric or muriatic acids, carbonate of lime falls, and the 
magnesia is retained in solution, and may be separated by boiling with 
carbonate of potassa: this method, however simple, is not susceptible of 
great accuracy, for a portion of carbonate of lime will always be retained 
along with the magnesia in solution, and a triple ammoniaco-magnesian 
salt is also formed. Mr. R. Phillips {Quarterly Jour.^ vi., 317) proposes 
the following process: “To the muriatic or nitric solution of lime and 
magnesia, add sulphate of ammonia in sufficient quantity; evaporate the 
mixture gradually to dryness, and then heat to redness till it ceases to 
lose weight, by the volatilization of the muriate or nitrate of ammonia 
formed: note the weight of the mixed salt, reduce it to powder, and wash 





Ddtutioii of iBfdphate of lime till all the iulphote of 
diy the eulphate of lime left, and by 
d^iic^g its weight from that of the mixed sulphates, the quantity of 
sulphate of magnesia dissolved will appear.*' After repeated trials of the 
various modes of separatbg lime and magneria, I am induced to consider 
the following as tolerably correct. To the mixed solution of lime and 
magnesia add oxalate of ammonia slightly acid, collect the precipitete, 
wash, and dry it at 212’ : 100 parts indicate between 38 and 39 of lime. 
If nitric acid were used for solution, the magnesia may afterwards 
be obtained by evaporation and heating the residue to redness in a 
platinum cruciUe till it ceases to lose weight. If sulphuric acid were the 
solvent, the same operation affords dzy sulphate of magnesia, of which 60 
parts are equivalent to 20 magnesia; or the magnesia may, in other 
cases, be precipitated by phosphate of ammonia as above stated, 
(p. 626^ In the analysis of minerals which contain magnesia, and 
which resist the action of acids, fusion with alkaline bodies must be 
resorted to. As instances of these analyses the reader is referred to 
Klaproths examination of the chrysolite, and of olivine, in the 7th and 8th 
sections of the first volume of his Analytical Essays. See, also, Rose's 
Analytical Chemistry. 


§ VIII. MANGANESE. 

The common ore of manganese is the black, or peroxide, wl^ch is found 
in considerable abundance, and is of important use in the arts: this 
metal also occurs in a few animal products, and is not uncommonly 
discovered in the ashes of vegetables. Particular attention was first 
directed to the black oxide of manganese by Scheele, in 1774, and 
shortly afterwards Gahn found that it contained a peculiar metal, which 
he first called magnesium, but which was afterwards termed Manganese. 

In some respects it resembles the metals already described ; in others, 
it is eminently different, like them, it has a powerful afi&nity for 
oxygen, speedily attracting it from air and water ; and its oxides are 
extremely difiicult of decomposition: they have, however, nothing in 
common with alkaline bodies ; and manganese, in its highest state of 
oxidizement, constitutes an acid. 

To obtain metallic manganese, the carbonate of manganese may be 
mixed into a paste with oil, and subjected to heat gradually raised to 
redness, in a glass or eart^n retort, or other close vessel. The carbo- 
naceous mixture thus obtained is then rammed into a good crucible, 
which is filled up with charcoal-powder, and subjected for two hours to the 
stroi^ white-heat of a wind-fumace: a metallic button is thus obtained, 
whidi is manganese, containing a little carbon and silicium, from which 
it may be freed, according to Ifr. John, by fusion with borax in a crucible 
coated iwiih charcoal : it is doubtfulj however, as Berzelius has observed, 
whether in this case it does not contain a little boron. 

When the tartrate qf manganese and potassa is intensely heated in a 
wind-furnace, it fumi'shes globules of metallic manganese ; and as this 
salt is easily obtained in a state of purity, its decomposition is perhaps 
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the simplest fot dbtkinikg the piii^e metal^ care being talesn to 
exolade fiMigii suhstahoes derivable from the fuel or from the crucible. 

Manganese is a hard gray metal, exhaliiig a peculiar .odour wW 
handled or breathed upon ; it is brittle, ^d a granular and some- 
times a slightly Crystalline fmcture ; its specific gravity is 8.013 according 
to John, but 6.8 according to Bergmann. When pure, it does not affect 
the magnetic-needle, but often does so from containing, a trace of iron. 
It is softer than cast-iron, and admits of filing, yet brittle enough to be 
reduced into an iron-gray metallic powder. It is best preserved in 
naphtha; for in the air it soon tarnishes and crumbles down into a 
black powder, and undergoes the same change in water, with the evolu- 
tion of hydrogen gas. It may also be conveniently kept in a small glass 
tube hermetically sealed. The equivalent of manganese may be assumed 
as =: 28. (28.6 Gmelin. 27*7 Turner.) 

Manoanese AMD OxYOEN. There are four compounds of inanganese 
and oxygen, three of which are oxides, and one an acid. ^ 

Protoxide of Manganese or Man, is obtained (1), 

by passing a current of hydrogen over the pure deutoxide or peroxide 
manganese, contained in a porcelain or iron tube, exposed to a heat 
gradually raised to bright redness : water is formed, and a dingy-greeU 
powder remains in the tube, which is the protoxide. (2.) It may also 
be pspcured by mixing the peroxide with half its weight of muriate of 
ammonia, and projecting the mixture in successive portions into a red- 
hot crucible ; the product is lixiviated, and the solution of chloride of 
manganese*, thus obtained, is decomposed by the addition of carbonate of 
potassa ; the precipitate is collected washed, dried, and exposed, out of 
the contact of air, to an intense heat ; or it may be heated in a tube, 
through which a current of hydrogen is passed. (3). Wohler and 
Liebig obtain it by fusing chloride of manganese with twice its weight 
of carbonate of soda ; the resulting chloride of sodium is removed by 
washing from the residuary protoxide of manganese. 

liYimATED Protoxide of Manganese. When the solution of 
chloride of manganese is decomposed by a solution of potassa, a bulky 
white precipitate falls, which is a hydrated protoxide of manganese, 
containing, according to Davy, 24 per cent, of water ; it very speedily 
becomes brown by exposure to air, in consequence of the absorption of 
oxygen, and, when collected and washed upon a filter, it becomes a brown 
powder, which is a hydrate of the deutoxide. 

The protoxide of manganese is not altered, when dry, by exposure 
to air. When heated, it absorbs oxygen, and is converted into deut- 
oxide ; and at a temperature of about 600^s said, by Forchammer and 
Arfwedson, to take fire. It is readily soluble in the dilute acids, and is 
the basis of all the ordinary manganesian salts. When put into concen- 
trated sulphuric acid, it evolves intense heat. Its solutions and salts are 
nearly colourless when perfectly pure, but they generally acquire a slighily- 
pink hue, probably from the presence of a minute quantity of numganesic 
acid. When ammonia is added to the solutions of this oxide, the’ whde 


* In this process, so long as there is metals that may be preseAt are net 
excess of the oxide, the manganese only rendered Soluble. . 

is converted into chloride^ and other 
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SscKiOioxiDE OP Manoakess; Dbutoxiob op Manganese. {^CLTl 
When protoxide, or carbonate of manganese, is exposed for 
some time to a red-heat in an open yessel, it absorbs oxygen, and is 
conyerted into a deep-brown powder. An oxide similarly constituted is 
also obtained by heating the pure peroxide of manganese till it ceases 
to giye out oxygen, in a platinum cruciUe. When ammonia is added to 
the pink solution obtain^ by triturating a mixture of peroxide of man- 
ganese aSll binoxalate of potassa with water, a precipitate is obtained, 
which, when well washed and heated red-hot, is similar in composition 
to the aboye. The characters of this oxide, in respect to solyents, differ 
with its state of aggregation ; 1>ut it does not form permanent or definite 
salts ; for such of its acid solutions which are at first red, become colour- 
less when heated, or when exposed to air and light, and deposit peroxide, 
while a portion of protoxide remains in solution. This oxide counts of 


Manganese . . 1 
Oxygen . • . 

7 




0 

ArfWedton and 
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. 72.74 

12 
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Or it may be considered as consisting of one proportional of the prot- 
oxide, combined with one of the peroxide. 

Hydrated Sesqdioxide of Manganese is obtained by exposing the 
moist protoxide to the action of air, and contains about 10 per cent, of 
water. It is a common natural product, occurring crystsdlized and 
massiye, and so closely resembling the peroxide, that it is often difficult 
to distinguish them ; the powder of the hydrated deutoxide is, howeyer, 
generally brfmn^ that of the peroxide black; the former, heated in a 
tube, giyes off water and little oxygen ; the latter, little moisture, and 
much oxygem Heated by the blowpipe with glass of borax, the sesqui- 
oxide of manganese dissolyes with a red or yiolet colour in the outer 
flame ; in the inner flame it becomes colourless in consequence of deox- 
idizement, but reacquires colour when transferred to the outer oxidizing 
flame* 

Peroxide of Manganese, {man+%0). This is the oxide which 
most commonly occurs native^ a^ is resorted to as the source of the 
other combinations of this metal. In this country it is common in 
Deyonshire, Somersetshire, and Aberdeenshire* It is found in a yariety 

^ * If manganede solutions contain nese, when they are precii^tated by an 
tilica,(aslsoftm thecase, and espedidly idkali; it maybe separated by dissolying 
in the analysb of ores and minei^ con- the moist precipitate in mi^atic acid, 
tsihing imulg a iie se,) the silica foils in evaporation to dryness, and washing, 
combination wUh UM manga- (BerzeUus.) 
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radiated, and in rhomboidal piiems. It aliK> ooei^g mih the natire 
8e8q[uioxide, foiming the oxidum tnanganoso manganicum of Arfwedson, 
and the VarvicUe of FhiOips, hut the exact composition of these 
natire oxides can scarcely be determined by their external characters. 
Under the name of manganese^ this substance is met with in commerce, 
and is laigely consumed in the manu&cture of bleaching-compounds. 
In the lal^ratory, it is resorted to as a source of oxygen gas, but it 
sometimes is fraudulently mixed with carbonaceous matter, and then 
yields carbonic acid. It also generally gives off a little nitrogen upon 
the first application of heat, the source of which is not obvious. Car- 
bonate of lime, sulphate of baryta, oxide of iron, and several other 
substances, are frequently associated with it. It is also used to give a 
black colour to earthenware, to remove the brown colour which glass 
derives from peroxide of iron, and is sometimes employed to^ sweeten 
foul water at sea, or to prevent its booming so. It usually loses con- 
siderably in weight, on being dried at a temperature not exceeding 300°; 
at a red-heat it becomes sesquioxide^ and, intensely heated in an iron 
tube, or with a minute quantity of carbonaceous matter, part oi it 
becomes protoxide. It is not altered by air or water. It forms no com- 
binations with the acids ; but such of them as appear to dissolve it, 
reduce it to the state of protoxide. Gently heated with muriatic add, 
chlorine is liberated, in consequence of the decomposition of the acid by 
the oxygen of th^ oxide, which is reduced to the state of protoxide, and 
thus dissolved. Boiled with sulphuric acid, oxygen is evolve^ and a 
soluble sulphate of the protoxide is formed, together with a small portion 
of manganic acid, which gives the solution a pink colour and bleaching 
properties. Nitric acid does not attack it unless it contains sesquioxide, 
or some deoxidizing agent be at the same time present. 

A solution of the protoxide free from iron may be obtained from 
the common peroxide by digesting it in muriatic acid as long as chlorine 
escapes ; filter the solution, and drop into it a solution of ammonia till 
the acid is saturated, and the alkali remains in slight excess ; if oxide of 
iron is present, it is thus precipitated ; excess of ammonia throws down 
protoxide of manganese ; or it may be more perfectly precipitated by 
potassa. A chloride of manganese, prepared, as above directed, by 
heating excess of the peroxide with muriate of ammonia, is also a source of 
the pure protoxide. Peroxide of manganese consists of 

Benelius and 
Forchaumer ArlWedaon. 

Manganese . » 1 . . 28 . . 83.5 . 83.75 . » 64.02 

Oxygen .... 2 . . 16 . . 36.5 . 36.35 . . 35.98 

1 44 100.0 100.00 100.60 

Hydrated Peroxide of Manganese is obtained, according to 
Berthier, by passing chlorine through the protocarbonate of manganese 
diffused in water ; a black powder falls, which, when washed and canefolly 
dried, consists of 88 peroxide and 12 water*. A hydrated peroxide (con- 

* Peroxide of manganese exhibits | ters ; it is a conductor of dectrieity^ OnA 
some singular electrochemical charac- 1 becomes highly electro-negative iR cor- 
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mtiDg of 1 atom of peroxido and 1 of water,) is formed hf precipitating 
protochloride of manganese by cUoride of lime. The soft Idack mineral 
known to our miners under the name fPod, is also a hydrate of the 
peroxide of manganese : it contains 2 atoms of water. 

Pure peroxide of manganese is sometimes nseful as a test of the 
presence of iodine, bromine, and chlorine. When mixed with a salt con- 
rtaining iodine, and the mixture heated with a little sulphuric acid, the 
violet vapour of iodine is evolved ; the salts of bromine give in the same 
way a brown vapour ; and from the muriatic salts chlorine is evolved. 

Manoanesic Acid; Manganic Acid. When peroxide of manganese 
is heated to redness with nitrate of potassa, a compound is obtained, 
which,* when put into water, furnishes a solution exhibiting various tints 
of green, purple, and red, and which was therefore called Chameleon 
Mineral. A similar compound is more perfectly obtained by fusing the 
peroxide with caustic potassa, which furnishes a green substimce when 
the alkali is in excess, but black if the oxide predominate ; the former 
gives a green, the latter a pink solution, both of whieh, when duly diluted, 
exhibit various changes of tint, and ultimately become colourless, with 
the deposition of a brown powder. It was ascertained by Chevillot and 
Edwards, in 1818, that this compound could not be obtained in close 
vessels, but that, air being present, oxygen was absorbed. On evaporat- 
ing the pink solution, they obtained crystals, which they found to be a 
true salt of potassa wdth manganesic acid*. This salt, when acted upon 
by concentrated sulphuric acid, evolves a purple vapoujr, which condenses 
in red streaks, and presently decomposes and deposits peroxide. Fromm- 
herz succeeded in obtaining manganesic acid as follows: — ^Two parts of 
nitrate of baryta are mixed with one of peroxide of manganese, and 
exposed to a red<heat : a green mass is obtained, which is to be reduced 
to fine powder, mixed with 25 parts of water, and a stream of carbonic 
acid passed through the mixture, which is kept constantly stirred; .car- 
bonate of baryta is formed, and a deep violet-coloured solution of manga- 
ncsic acid. When the diffused powder has lost its green colour, the fluid 
is poured clear off, and boiled for a quarter of an hour to expel excess of 
carbonic acid, during which a portion of carbonate of baryta and of per- 
oxide of manganese are precipitated: the clear fluid is boiled down to one- 
fourth its bulk, again left to become clear, and ultimately evaporated to a 
small bulk: during this evaporation, oxide of manganese is again sepa- 
rated, in consequence of the decomposition of a part of the acid; but the 
residuaiy tolution forms acicular crystals of hydrated manganesic acid^ on 
cooling (containing 9.5 per cent, of water). All attempts have failed to 
deprive this acid of water. 4its solution has a peculiar astringent taste, 
possesses considerable bleaching powers, (hence chlorine has often been 
erroneously suspected in these solutions,) and exhibits a« violet-colour by 
transmitted light, but appears of a carmine-red by reflected light: it tinges 

tact with other metals, whilst metallic by a very minute addition of white arse- 
manganese is under mitk ohrcemstances nic, so that it has been proposedas a test 
eminently electro-positive: the perox- Of that poison; but* it can only be 
ides in general probably' possess similar pended on in conjunction with others, as 
electrical relations. it is discoloured, though not so readily, 

* The pink solution of iiiaganeBate of by other deoxidizing substances, 
potassa is inunediatdy r^dmd yellow 
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the skin brown. It is decomposed by boilii^, especially when diluted ; 
and also by^exposure to the Son's rays. 

Chlorine h^ no effect on manganesic aCid, but iodine decomposes it, 
and becomes iodic acid# It is de^mposed by hydrogen, sulphur, and 
phosphorus, by the hydracids, and by carboretted hydrogen and carburet 
of sulphur, and all organic substances; hence it cannot be filtered, being 
decomposed by the paper; it oxidizes the metals. With potassa, soda, 
baryta, and strontia, it forms definite salts, but apparently not with other 
salifiable bases. 

The exact composition of this acid has scarcely been determined, but 
it probably consists of 

Unntdotben. Fmmmhirx. 

Manganese. . I . . 28 . . S8.2 . . 88.74 . . 89.45 

Oxygen . . 2^ . . 20 . . 41.8 . . 41.26 . . 40.85 

1 48 100.0 100.00 100.00 

Permanganic Acid. It is supposed by Mitscherlich, that the salt 
obtained by adding peroxide of manganese to fused chlorate of potassa, 
(Wohler, Poggendofff^ xxvii., 626,) contains manganese in the highest 
state of oxidizement, that is, combined with 3.5 atoms of oxygen, but 
the exact composition of the green, pink, and purple salts cannot be con- 
sidered as satisfactorily ascertained. The peculiar green tint obtained by 
heating compounds of manganese with potassa, is usefully resorted to as a 
ready means of recognising that metal before the blowpipe. It has often 
been stated that pink solutions, obtained by certain acids from the peroxide, 
contain the sesquioxide; but some experiments, in reference to this 
subject, made by Mr. Pearsall, in the laboratory of the Royal Institution, 
render it probable that the appearance of a pink colour is always indica- 
tive of the presence of manganesic acid. {Royal Instit. Journ., Aug., 
1831, p. 49.) 

Manganese and Chlorine; Protochloride of Manganese {yjfWLTl 
+C). Metallic manganese bums in chlorine. When peroxide of man- 
ganese is heated with muriate of ammonia, as above directed (page 631), 
a solution of chloride of manganese is easily obtained from the residue, 
which, if evaporated by a gentle heat, furnishes transparent pinkish 
crystals, soluble in water and alcohol. The same salt is obtained by 
dissolving carbonate of manganese in dilute muriatic acid. Exposed, out 
of the contact of air, to a heat gradually raised to redness, this substance 
loses water, to the amount of about 40 per cent,, and forms a lamellar 
anhydrous chloride of manganese. Heated in the contact of air, this 
chloride is decomposed and converted into m oxide : it consists of 

J Da\y ArfnedMU. 

MaJiganese . . 1 . • 28 . . 43.7 • • 46 . . 44.25 

Chlorine . . I • • 36 • . 66.3 . . 64 . . 66.76 

"7 64 100 0 100 100.00 

Perchloaide of Manganese has been described by M. Dumas, formed 
by adding fused chloride of sodium to a sulphuric solution of man^mesic 
acid; the compound passes off in the form of a green vapour, condensible 
at 0^ into an olive-coloured liquid. K the vapour be conveyed into A 
moistened flask it acquires a red tint, and muriatic and manganesic acids 
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am generated. The amplest process for preparing it consists in forming 
a green chameleon-mine^ by fiisii^ peroxide of manganese with potass^ 
and pouring dilute sulphuric acid upon it, by which a manganesiate and 
sulphate of potassa are obtained. By the affusion of strong sulphuric 
acid these salts yield a solution of manganesic acid, to which small pieces 
of fused common salt are added, as long as green vapour is evolved, 
(£dtn. Joum, of Science^ viii., 179.) From the phenomena of its decom- 
position, this chloride is supposed to consist of 1 atom of manganese and 
2^ of chlorine. 

Ammonio-mvbiate of Manganese is a soluble and crystallizable salt, 
not decomposed by excess of ammonia. 

Chlorate of Manganese has not been examined. 

Iodide of Manganese is a soluble colourless compound. The iodate 
has not been examined. 

Fluoride of Manganese is formed, according to Dumas and Wohler, 
by mixing the green chameleon-mineral with half its weight of pure fluor- 
spar in fine powder, and decomposing the mixture in a platinum vessel 
by anhydrous sulphuric acid: a vapour, of a deeper tint than chlorine, is 
evolved, which acquires a red colour on mixture with atmospheric air, 
and gives a red solution in water of hydrofluoric and manganesic acids. 
It is decomposed by the contact of glass, fluosilicic acid is formed, and a 
brown powder deposited, which appears to be anhydrous manganesic acid. 
This fluoride probably consists of one proportional of manganese and two 
and a half proportionals of fluorine. When carbonate of manganese is 
digested in hydrofluoric acid, amethyst-coloured crystals may be obtained 
by evaporation, probably of hydrated protojluoride of mangafiesh. 

Nitrate of Manganese. (Man+?1'.) Dilute nitric acid readily 
dissolves protoxide of manganese, and forms a very soluble, deliquescent 
and diffic^tly-crystallizable protonitrate. The same salt maybe obtained 
by digesting peroxide of manganese in nitric acid with a portion of gum 
or sugar, which abstracts oxygen, carbonic acid is evolved, and the prot- 
oxide dissolved by the acid. Exposed to light, the solution of the pro- 
tonitrate lets falls a portion of peroxide of manganese. When dilute 
nitric acid is poured upon the deutoxide of manganese, a protonitrate and 
peroxide are formed. 

The crystallized protonitrate of manganese consists, according to 
Thomson, of 


Protoxide of manganese 

1 

. . 36 

23.5 

Nitric add . . • 

1 

. . 04 

. . 35.4 

Water * • 

• 7 

. . 63 

. . 41.1 


1 
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SULPHUBST OF MANGANESE. (1714111+8.) When dried protosulphate 
of manganese is ignited with one-sixth its weight of finely-powdered 
charcoal, or when a current of sulphuretted hydregen is passed over the 
protosulphate heated to redness, a true sulphuret of manganese is obtained. 
(Berthier, Ann. de Chim. et Phys., xxiv., 273; Arfwedson, Ann. of PhiLy 
vii., 332.) It has a gray metallic lustre. It is perfectly soluble in dilute 
sulphuric and muriatic acid, with the evolution of sulphuretted hydrogen 
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^gas. It is identical mth the native stdphniet of manganese, a rate ove, 
found in Cornwall and TransylTania. It consii^s of . 

Dobereiner. Arfiredion. ' 

• Artificial, Katice, 

Manganese . 1 . 28 . 83.6 . 85.86 . 63.13 . 62.58 

Sulphur . . 1 . 16 . 36.4 . 34.14 . 36.87 • 37.42 

^ 1 44 100.0 100.00 100.00 100.00 

When sulphur is heated with peroxide of manganese, sulphurous acid 
is evolred, and a greenish substance obtained, which also appears to be a 
compound of manganese and sulphur, and not, as has often been 8up> 
posed, a sulphuretted oxide. A reddish-brown hydrosulphuretled oxide 
of manganese is thrown down from solutions of the protoxide by the 
alkaline hydrosulphurets. When heated, it eyolves water, and becomes a 
sulphuret of manganese. 

When a solution of protosulphate of manganese is mixed with a solution 
of carburet of sulphur in caustic potassa, a gray-precipitate falls, which, 
when stirred so as to bring it to thesurlace, cssumes a fine purple colour: 
this gradually disappears, and the precipitate assuines the red or orange 
colour of sulphurets of manganese. (Berzelius.) 

Hyposulphite OF Manganese (Man+1) remains in solution when 
sulphate of manganese is decomposed by hyposulphite of lime. It has not 
been further examined. 

Sulphite of Manganese (Man +^) is obtained by passing sulphurous 
acid through a mixture of carbonate of manganese and water till the car- 
bonic acid is expelled. It is a white granular tasteless powder, insoluble 
in water and in alcohol, and not altered by |xppsure to air. It dissolves 
in excess of sulphurous acid, and is decomposed by heat. (Berzelius.) 

Hyposulphate op Manganese. (Man + S^) When peroxide of 
manganese (previously digested in nitric acid, and thoroughly washed to 
deprive it of hydrated oxide) is diffused through water, and sulphurous 
acid passed into it, a neutral hyposulphate of the protoxide is obtained. 
It affords a deliquescent salt on evaporation. (See p. 431.) 

Sulphate of Manganese (Man+^O ^ formed by dissolving the 
protoxide or protocarbonate in ^lute sulphuric acid, and evaporating: a 
protosulphate is formed, which crystallizes in rhomboidal prisms, slightly 
efflorescent in a dry atmosphere, soluble in 2.5 of water, and of a bitter 
styptic taste. When heated it crumbles down into a white anhydrous 
sulphate^ and this, at a bright red-heat gives out oxygen^ sulphurous 
acid, and some anhydrous sulphuric acid, and a deutoxide of manganese 
remains. Sulphate of manganese may also be obtained by mixing 
peroxide of manganese into a paste with sulphuric acid, and heating it in 
a basin nearly to redness: oxygen is evolved, and the dry mass washed 
with water affords the sulphate. The crystals of this salt have generally 
more or less of a pink hue, from a trace of manganic acid. 

Sulphate of manganese with excess of sulphuric acid forms un uur 
crystallizable supersidphate. When chlorine is passed through a solutiqiii 
of the neutral sulphate it is decomposed, peroxide is pirecipitated^ Bupf^f 
sulphate formed, and muriatic acid is found in solutio^^v ^ 
crystallised protosulphate of manganese consists of 4 'll) 
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Juhn. Mitocheilich 

Protoxide of Manganese 1 . . 36 . . 32.2 . . 31.00) ^ 

Sulphuric Acid . I . . 40 . . 35.6 . . 33.66/ * * ^ 

Water « . . 4 . . 36 . . 32.2 . . 35.34 . . 32 

1 112 100.0 100.00 100. 

Ammonio-sulphate of Manganese is a soluble and crystallizable salt, 
obtained when sulphate of ammonia and sulphate of manganese are mixed 
in atomic proportions. Its ciyttjj^s contain eight proportionals of water, 
and are of a pale rose-colour. 

Potassa-sulphate of Manganese forms colourless crystals, containing 
six proportioiiUs of water. 

Phosphuret of Manganese (TtUlTl+p) is of a blue-white metallic 
lustre, and considerably inflammaUe: it is permanent in the air, brittle, 
and easily fused. 

Phosphite and Hypophosphite of Manganese have not been 
examined. 

Phosphate of Manganese (Man+P^ is precipitated in the form of 
a white nearly insoluble powder, by adding phosphate of soda to sulphate 
of manganese. Berzelius obserres, that in analyses, this salt is difficultly 
distinguished from phosphate of lime and phosphate of magnesia. It is, 
however, decomposed % boiling with caustic potassa, and the oxide 
assumes a dark colour. 

Carburet of Manganese. (7716E71 + CCLT .) When the metal reduced 
from its oxide is heated with charcoal, it often assumes a lamellated 
appearance, from combining with that element. Carburet of manganese 
is also not uncommonly met with in combination with carburet of iron 
in some varieties of cast iroi^ 

Carbonate of Manganese (Man + CCLTf ) is white, or pale-red, 
insipid, and insoluble in water. It is precipitated as a hydrate, by alka- 
line carbonates, from the protochloride or protosulphate. When heated 
it loses water and becomes brown. It is found native^ constituting the 
spathoie ore of manganese^ which is anhydrous. When the artificial 
carbonate is carefully dried at 100^ it probably consists of 

Poroliammer. 


Protoxide of Manganese 1 
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. . 32.80 

. . 33.050 
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Ctanoret of Manganese fells in the form of a gray insoluble 
predptate, when solution of cyanuret of potassium is added to a protosalt 
of manganese. The precipitate is soluble in excess of the precipitant, 
and fee selntion yields, on evaporation, brown adcular crystals. 
SoiiPHOCTANirBBT OF ManoanEse Is a colourless solubla salt. 

Bobatb ot Manganese (Man+^OT*^) is precipitated in the form of 
a white powder when solution of borate soda is mixed with proto- 
su^thate of m an g a ne se. If fee salt of manganese mixed wife a salt 
of magne t da , borax occasions no precipitate, and fee borate is itself soluble 
in snl^^iate of aMgnesia. (Berzelius.) * 

OBABAotmis W tHE Salxe OF MANttiMiB. Hw salts of manganesot 
containing fee pijN^oxide, are mostly sollEp» in water: the solution is 
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colourless or slightly pink, of a bitterish astringent taste, and often becomes 
turbid and brown by exposure to air. They are not precipitated by 
hydriodic acid, nor by tincture of galls ; they furnish white precipitates 
with the alkalis, which soon become discoloured by exposure to air. The 
alkaline carbonates throw down white precipitates, which gradually assume 
a hue of purple ; they are precipitated white by ferrocyanuret of potassium, 
andk.orange or reddish-brown % hydrosulphuret of ammonia. Ammonia 
only throws down half the oxide, and forms a triple salt with the re- 
mainder; or, if there be excess of acid, tUkltriple salt only is formed, and 
there is no precipitation. Manganese is ^ot thrown down in the metallic 
state by any of the other metals. The sidphate and the muriate are used 
in calico-printing. 

Before the blowpipe oxide of manganese gives, with microcosmic salt 
in the exterior flame, a fine amethyst colour, which disappears in the 
interior flame. With borax it gives a yellowish or reddish glass. 
When the manganese, from its combination with iron, or any other cause, 
does not produce a sufficiently intense colour in the glass, a little nitre 
may be added to it while in a state of fusion, and the glass then becomes 
dark-violet while hot, and reddish-violet when cool. It is not reduced. 

§ IX. IRON. 

The most important native combinations of iron, whence the immense 
supplies for the arts of life are drawn, are the oxides: it is also found 
combined with sulphur, and wifh several acids; it is so abundant that 
there are few fossils free from it. It is found in small quantity in some 
animal and vegetable bodies; and in several mineral waters. The 
alchymists distinguished it by the name and symbol of Mars $ . 

Iron is a metal of a blue-white colour, fusible at a white heat. Its 
sp. gr. is 7-77« It probably has not been so long knowm as some of the 
other metals ; it was, however, employed in the time of Moses for cutting- 
instruments. It is extremely ductile, but cannot be hammered out into 
very thin leaves. It is very tenacious ; and at a bright red-heat is extremely 
pliable, and admits of being welded or joined by hammering to another 
piece of the red-hot metal. It is attracted by the magnet, but does 
not retain magnetism when perfectly pure; and at a bright red-heat 
becomes perfectly indifferent to it. It is combustible at a very high 
temperature, as is beautifully seen in the experiment of burning it in 
oxygen gas, or sprinkling its filings into the flame of a spirit-lamp. 

i^ative Iron, Iron is sometimes found native^ and is usually re- 
garded as of meteoric origin, for it is invariably alloyed by a portion of 
the metal nickel, and a similar alloy is found in meteoric stones. It is 
flexible, cellular, and often contains a green substance of a vitreous 
appearance. It has been found in Africa, in America, and in Kberia, 
where admass of it, weighing 1600 lbs., was discovered by Professor Pallas. 
The mass found in Peru, described by Don Rubin de Celis, weighed jyS ^ 
tons. In the year 17519 & mass of the same substance was seen to Id)*' 
from the atmosphere in Croatia. It appeared as a large globe of Ipi 
is preserved in the imperial museum of Vienna. (See Nickel.) 

Iron and Oxygen. Exposed to heat and air, iron quiddy 
and becomes converted into protoxide or peroxide, according to eimm^ 
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stances. It is only susceptible of two definite degrees of oxidizement, 
and both its oxides are sidifiable bases. 

Protoxide op Iron. (fe+O) or Fb. (1.) When a solution of pro- 
tosulphate of iron is precipitated by potassa, and the precipitate washed 
out of the contact of air, and dried at a red-heat, it is black, and neariy 
pure protoxide. In drying, however, oxygen is always absorbed, and a 
small portion of peroxide is formed. AVhen thus recently precipitated 
and moist, it is sparingly soluble in ammonia, and in carbonated alkalis. 
(2.) Protoxide of iron may also be obtained by burning iron in oxygen 
gas: this veiy beautiful experiment was devised by Dr. Ingenhousz, and 
is best performed by attaching a straight piece of w^atch-spring, w^ound 
round with harpsichord-wire, ^to the stopper of an air-jar of oxygen gas; 
the end of a brimstone match may be attached to the wire, and inflamed 
at the time of plunging it into the gas; it heats the wire red-hot, which 
then bums and drops in black globules of oxide into the water 4>eneath. 
A splendid combustion of iron is also ejected by placing a small cast-iron 
nail upon a piece of ignited charcoal under a stream of oxygen gas issuing 
from a blowpipe. (3.) A similar oxide of iron used to be prepared for 
pharmaceutical use, by moistening iron-filings with a small quantity of 
water, and exposing them to the air for a day or two ; a quantity of black 
oxide forms, which is separated by washing, and the process repeated till 
the whole of the metal is thus oxidized. It was called martial ethiops. 
It is black, tasteless, and insoluble in water ; but it contains a portion of 
peroxide. (4.) Perhaps the least exqpptioiiable process for obtaining 
protoxide of iron, consists in passing steam over pure iron-wire heated to 
redness in a porcelain tube. It is dark gray, or nearly black, brittle, and 
often has some lustre; and after it has been ignited, it is difficultly 
soluble in the acids; they do, however, dissolve it, and form solutions 
precisely analogous to those procured by employing metallic iron. (5.) 
When hydrogen gas is passed over peroxide of iron, heated to redness in 
a porcelain tube, water is formed^ and a black powder is obtained which, 
according to some, is metallic iron, according to others, a suboxide. It 
IS often pyrophoric, and is probably a mixture of metallic iron and 
protoxide. 

It however, vciy difficult, if not unpoettbfe, to obtain a perfectly pore 
protoxide of iron in an insulalei state, but its composition may be satis- 
fiictorily inferred by the quantity of hydrogen gas wbfcli is evolved during 
the action of dilu^ tuipbnric acid upon pure iron ; the equivalent 
tfOtt, thus deduced, is 28 (27, Omelin ; 27*16, Benelios; 27*8, Stromeyer ; 
28J3 Gay Isiieac; 28, Turner), and the pfiotoxide consists of 

Dviwfrtim. BotlMlt. 

itca . . 1 . 3b . 77-« . 7«4» . rr . VM . riM 

Ozygw . . I . 8 . 22.3 . n.1 . S3 . MIW . 22.00 

T 80 mjo mZ im 100.00 lioioo 

Htdbaxsd Pbotoxide or Ieoh. Wliea the protoaalte of iron are • 
deoompoied hy caaetic potassa a pndpitate falls, which, at the first 
moauat, is **hit^ hut w^h hamediaMly hecoqies gray, thea greea aad 
hlae, ami lastiy'^llow, iu couseqaeace of absoihing oxygen, ^e white 
predi^tate is prohahly aii hydrated protoxide i^iron; wheu bmled with 
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water it becomes black, the hydrate not being a permanent compound at 
a boiling heat. 

Pbroxibs of Iron. (Je + 1^0.) When protoxide of iron is boiled 
in nitric acid, and precipitated by ammonia, washed, and dried at; a low 
red-heat, it increases in weight, and acquires a brown colour. When a 
solution of iron in nitromuriatic acid is precipitated by an alkali,* a bulky 
brown hydrated peroxide of iron falls, which, when dried, assumes a 
deeper colour, and is anhydrous peroxide. When sulphate of iron is decom- 
posed by a very high temperature, a red powder remains, which is also 
the peroxide, and which was formerly called colcothar. It is also formed 
by deflagrating iron-filings with nitre, and washing the residue: this 
constituted the Saffron of Mars {Crocus Martis) of ancient pharmacy. 
The colour of the peroxide of iron yaries according to the mode of its 
formation; it is generally a reddish or yellow-brown powder, which 
acquires a darkened hue by heat, and is not magnetic. It consists of 
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It ivill be observed, that the proportion of oxygen in the protoxide is 
to that in the peroxide as 1 to 1.5; and, as both these oxides form salts, 
it will be found that the proto-salts are constituted of one proportional of 
protoxide, and one of acid ; and the per-salts of one proportional of per- 
oxide, and one and a half of acid. In the combinations of iron with 
chlorine, the same relative proportions arc followed as in the oxides, but 
the two sulphurets are respectively constituted of one proportional of 
iron, and one of sulphur, and one and two. Gay-Lussac (ilitn. de C/itm. 
et Phys.^ i., and Ann. de Chim.^ Ixxx.) has detailed some experiments, 
which he considers as demonstrating the existence of a third definite 
oxide of iron, intermediate between the above oxides, and composed of 
iron 100 + oxygen 37.8. Such a compound, he thinks, is obtained by 
passing steam for a length of time over red-hot iron, and considers it as 
differing from the true protoxide : this seems, however, very question- 
able ; and the third oxide is rejected hf IVvaelius, who only admits the 
oxides above described. Tlienard, in describing the oxides of iron 
{Traiti^^ ii., 75» 2^ .), considers the octoedml and magnetic iron-oirea 

as composed of this dcutoxide, and does not allow of the existence of 
native protoxide of iron. In the present state of the question, however, 
I should feel rather inclined to view this dcutoxide os a mixture of the 
protoxide and peroxide, than as any defiiiife compound, more especially 
ns the analyscuof the native magnetic oxides give variable proportions 
of oxygen. 

Native Oxides of Iron. These constitute a very* extensive and 
important class of metallic ores. They va^ in colour, depending upon 
mere texture in some cases; in othem, upon the degree of oxydizement. 
I^ome are magnetic, and those which contain least oxygen are attracted 
by the magnet. *FrOih them the commercial demands of iron are 
partly supplied: an outline of this manufacture will be given at 
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ib0 ond of this SectioOi when the other oombiiiatio&s of the metal 
have been described. The following are some of the principal mine- 
ralogical varieties of the oxides of iron. (1.) Magnetic iron ore is 
generally black, with a slight metallic lustre. It occurs massive and 
octoedral. It is often sufl&ciently magnetic to take up a needle; its 
specific gravity is 4.5. It occurs chiefly in primitive countries, and is 
very abundant at Roslagen in Sweden, where it is manufactured into a 
bar-iron particularly esteemed for making steel. (2.) Another variety 
of oxide of iron is called iron-glance^ and micaceous iVo/i-ore. It is 
found crystallized of singular beauty, in the isle of Elba; and occa- 
sionally among the volcanic products of V esuvius and the Li])ari Islands. 
(3.) Hasmatite^ or red iron-stone: it occurs in globular and stalactitic 
masses, having a fibrous and diverging structure. In this country, it 
abounds near Ulverstone in Lancashire ; and most of our iron-plate, and 
wire, is made from it. Sometimes it is of a brown, black, or ochraceous 
colour. (4.) A fourth variety of oxide of iron is known under the term 
of clay-iron-stone^ on account of the quantity of argillaceous earth with 
which it is contaminated. It is found in masses of different shapes 
and sizes, and sometimes in small rounded nodules like peas. Some 
of the globular masses are called ostites. The iron-ore of the coal 
formations of Shropshire, South Wales, Staffordshire, and Scotland, 
(which, though far from the purest ore found in this country, is the 
principal source of the cast and bar iron, in ordinary use,) is chiefly a 
carbonate. 

Iron and Chlorine unite in two proportions; forming a proto- 
chloride and a perchloride of iron, which in atomic composition are 
analogous to the oxides. 

Protochloride op Iron, (^fe + C,) may be obtained, (1.) by passing 
muriatic acid gas over red-hot iron-wire or turnings ; or (2.) by evapo- 
rating a solution of protoxide of iron in muriatic acid to dryness, out of 
the contact of the air ; or (3.) by heating a mixture of iron filings and 
muriate of ammonia. A brittle gray lamellar substance is thus formed, 
fusible at a red-heat, and volatile at a higher temperature. It is soluble 
in water, but insoluble in absolute alcohol. It is decomposed by oxygen 
at a red-heat; chlorine is evolved, and oxide of iron formed. It con- 
sists of 
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Hydrated Protochloride of Iron is obtained in small green 
oiyBtals, very soluble, and of a styptic taste, by carefully -evaporating a 
soIatio]i of protoxide of iron in muriatic acid, which for this purpose is 
best obtained by the action of equal parts of strong muriatic acid and 
water, on {nrotosulphuret of iron: sulphuretted hyd^en gas is evolved, 
and the filtered solution is of a green colour. I^s is commonly called 
fToiomuriaie qf iron. 

PsRCHLORiDB oV Iron. (je + l^C.) When iron-wire is heated in 
chlorine it bums with a red light, and a compound is formed, volatile at 
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a heat much below redness, and which condenses in the form of brilliant 
and iridiscent brown scales, soluble in water and alcohol. It con- 
sists of 
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Hydrated. Perchloride of Iron, or Permuriate of Iron, is ob- 
tained by dissolving peroxide of iron in muriatic acid ; it forms a deep- 
brown liquid, which, when concentrated to the consistence of a syrup 
nearly, and then exposed to cold, yields brown crystals ; it is the basis of 
the tinctura ferri muriatis of pharmacy. When decomposed by heat, 
water, muriatic acid, and perchloride of iron are given oiF, and the residue 
is a crystallized compound of peroxide* and perchloride of iron. By 
exposing a solution of the protochloride to air, it passes into the brown 
perchloride. According to Berzelius, if a solution of the former be 
exposed for some days to the atmosphere in a tall jar, and a few drops 
of ammonia be then introduced at different depths, by means of a glass 
tube, the precipitate near the surface will be green ; a little lower, blue ; 
still lower, gray; then of a dirty w’hite; and, at the bottom, quite white, 
provided the solution has not been so long exposed as to have become 
oxidized throughout. By saturating a strong solution of muriate of iron 
with chlorine. Van Mons obtained a brown liquid, which did not give 
out the odour of chlorine, and tasted astringent, slightly acid, and sweet. 
After a time, yellow crystals formed, and chlorine was evolved. The 
crystals soon deliquesced, and could not be obtained a second time. 

Ammonio-muriate op Iron. . When muriate of ammonia and per- 
oxide of iron are mixed and exposed to heat in a proper subliming vessel, 
a yellow sublimate is obtained, which is the ens veneris and fores mar- 
iiales of old pharmacy; the Jerrum ammoniatum of the present Pharma-- 
copoeia; it consists chiefly of muriate of ammonia, with a small but 
variable proportion of perchloride of iron. If a compound of the muriate 
of ammonia and of iron be required for pharmaceutical use, it would be 
best prepared by adding a solution of perchloride of iron to one of 
muriate of ammonia, and evaporating to dryness. When such a mixed 
solution of muriate of ammonia and chloride of iron is set aside to 
crystallize, it furnishes ruby-coloured cubic crystals, which contain about 
2 per. cent, of chloride of iron : this is not a definite salt, but apparently 
a mixture only of the chloride and muriate, and is of variable compoMii- 
tion, according to the quantity of chloride present. 

The Chlorates of Iron have not been satisfactorily examined. 

Protiodide of Iron, (Je + ^,) is formed by digesting iron-tnmings 
or wire with iodine in water, taking care to have excess of metal present: 
a green solution is obtained, which affords green tabular crystals of 
protiodide^ and which by evaporation out of contact of air leaves a 
deliquescent residue, which, when fused, acquires a gray colour. It is 
soluble in water and alcohol, and the solution rapidly absorbs osyg^^ 
and deposits peroxide of iron, unless metallic iron be present, so that to 
preserve it unchanged some pieces of clean iron-wire should he immeroiid 

2 T « 
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in it. This solution £aa been veiy advantageously employed in medicine 
by Dr. A. T. Thomson. 

The Periodide op Iron has not been examined, or, at least, not 
satisfactorily described : according to Berzelius, the brown powder which 
falls on exposing the solution of the protiodide to air is a hydrated jtub^ 
periodide. According to Mr. Squire it is merely peroxide of iron, and 
no periodide exists. 

loDATE OP Iron. lodate of potassa throws down a yellowish preci- 
pitate in solution of protosulphate of iron, and a white precipitate in 
solution of perchloride of iron. (Pleischl.) 

Protobromide op Iron. When bromine vapour is passed over red- 
hot iron-wire, a yellow fusible bromide is obtained, readily soluble in 
water. {Ann. de Chim, et Phys.^ xxxiii., 331.) 

Fluorides op Iron. When iron is digested in hydrofluoric acid, a 
solution is obtained, which affords small quadrangular tabular crystals ; 
they are colourless, and diflicultly soluble in water. Heated rapidly 
in the air, this salt is decomposed ; but if its water of crystallization 
be slowly and carefully expelled, it then may be fused into a true 
Jliioride of iron. When hydrated peroxide of iron is dissolved in hydro- 
fluoric acid, it forms a colourless solution, which yields flesh-coloured 
crystals, slow’ly soluble in water. Ammonia throws down a yellow pre- 
cipitate, which is a subfluoride : a double Jluoride of potassium and iron 
is obtained in colourless crystals, >vhen a mixed solution of those fluorides 
is evaporated. (Berzelius.) 

Protonitrate op Iron. When very dilute nitric acid (sp. gr. 1.16) 
is digested upon iron-fllings, little gas is evolved, and the liquid assumes 
an olive-brown colour from the nitric oxide which it contains, but exposed 
to the air it becomes pale-green in consequence of the escape of that gas; 
the alkalis produce a green precipitate in this solution : it cannot be 
obtained in crystals by the usual process, and passes into pemitrate by 
exposure to air. It may, however, according to Thomson, be crystallized 
by evaporation in an exhausted receiver over sulphuric acid; it then 
forms transparent rhomboidal crystals of a light-green colour, composed 
0^1 atom of protoxide of iron, 1 of nitric acid, and 7 of water. When 
protosulphuret of iron is dissolved in dilute nitric acid sulphuretted 
hydrogen escapes, and a green solution of protonitrate of iron is obtained, 
which, when gently heated, speedily becomes brown, in consequence of 
the formation of peroxide. 

Pernitrate of Iron. Nitric acid, diluted >vith a very little water, 
acts violently on iron and peroxidizes it, a vast quantity of gas being at 
the same time generated, which consists of a mixture of nitrous and nitric 
oxides; and a solution is formed of a reddish-brown colour, containing 
pemitrate of iron, and affording a brown precipitate to the alkalis. 
When evaporated, a brown deliquescent mass remains, soluble in water 
and nlcohol. It is decomposed at a red-heat, and peroxide of iron 
remains. If this solution be mixed with excess of carbonate of potassa, 
the precipitate at first thrown down is redissolved by the alkali, and a 
deep-brown liquid obtained, called in our Pharmacopma^ Liquor^ferri 
alkalini. It has long been known in Germany under the name of 
Stahrs alkaline tincture of iron.** 
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PkoTOSULPHURET OP Ibon. (^+5.) 1. When sulphur is dropped 

upon* red-hot iron-wire, or fused with iron-filings, a compound is 
obtained, which, after having been heated to expel excess of sulphur, 
Is perfectly soluble in dilute sulphuric acid, with the evolution of 
pure sulphuretted hydrogen, and which is a protosulphuret of iron. 
2. White-hot iron, exposed to a jet of sulphur vapour, bums in it, and 
mns down into the protosulphuret. 3. It is formed by exposing pure 
yellow pyrites, or bisulphuret of iron, to a red-heat ; or, 4, by passing 
dry hydrogen gas over powdered iron pyrites, heated to redness in a 
glass or porcelain tube. 5. It is thrown down on adding hydrosulphuret 
of ammonia to solution of protosulphate of iron. 6. By the mutual 
action ofiiron-filings and powdered sulphur made into a paste with water. 
Protosulphuret of iron is of a yellowish or bronze colour, and influences 
the magnet. It consists of 





Hatchett. 

liCiKOliuS. 

Protiflt. 

Iron . . 1 

28 

. . 63.6 

. . 63.6 . 

. 63 . . 

62.6 

Sulphur . 1 . . 

16 

. . 36.6 

. . 36.5 . 

. 37 . . 

37.5 

T 

44 

100.0 

100.0 

100 

100.0 

Bisulphuret op 

Iron, 

{fc -|- 2 5,) is formed, according to Berzt iius, 


when the black sulphuret is well mixed with half its weight \)f sulphur, 
and subjected to a high temperature, which, however, must be below 
redness : a bulky, dark-yellow% metallic powder is the result, which is 
not attracted by the magnet, and insoluble in dilute sulphuric and muri- 
atic acid. A similar compound is obtained by passing a current of 
sulphuretted Jiydrogen over peroxide of iron at a temperature just below 
redness. If natural crystals of oxide of iron be subjected to this process, 
they are converted without change of form into the bisulphuret. When 
exposed to heat in close vessels it loses half its sulphur, and becomes 
protosulphuret. We have two interesting cases of the formation of this 
sulphuret in the humid .way. The one, described by Mr. Hatchett as 
occurring in the Mere of Diss, in Norfolk, {Phil, Prans.^ 17^7); 
the other, by Mr. Pepys, in the Geological Transactions^ vol. i., p. 399, 
and taking place in the bones of mice which had fallen into a solution 
of sulphate of iron. Bisulphuret of iron consists of 


Iron 

Sulphur 

. 1 

. 2 

. . 28 

. . .32 

. . 46.6 

. . 63.4 

Berzelius. 

. . 46.08 . . 
. . 63.92 . . 

Hatchett. 

46.7 . 

63.3 . 

Bucliolz. 

49 

. 61 


1 

60 

100.0 

100.00 

100.0 

100. 


Native Sulphuret s of Iron. Mr. Hatchetts experiments, above 
quoted, show that the ore of iron, called magnetic pyrites^ is a protosul- 
phuret of iron, and that cotnmon pyrites is a bisulphuret ; the results of 
his analysis of these ores are given in the preceding paragraphs. Common 
pyrites is found, massive and crystallized, in a variety of forms, derived 
from a primitive cube ; it often occurs in radiated nodules, which, when 
rolled amongst the shingles upon the sea-beach, are sometimes erro- 
neously supposed to be of meteoric origin, and are called thunder-holts. 
This minersd is of different shades of brass-yellow. The principal use of 
pyrites is in the formation of sulphate of iron, or green vitriol^ for which 
purpose the ore is gently roasted and exposed to air and moisture, 



646 


8ULVHUEETS OF IHQV. 


Some Tarieties are spontaneously decomposed, and furnish this salt, and 
when in large masses, generate heat enough to become ignited : in this 
way beds oif coal have been set on fire in consequence of the absorption 
of oxygen by their contained pyrites. Pyrites has also been used as a 
source of sulphur in the production of sulphuric acid. 

Sesquisulphuret of Iron, (fe + liS.) This compound is formed 
by passing sulphuretted hydrogen orer peroxide of iron at a temperature 
not exceeding 212°; or by the action of the same gas upon the hydrated 
peroxide at common temperatures. According to Proust, it may be 
formed by the action of sulphur on the protosulphuret at a very low red- 
heat : he states it to be magnetic, which Berzelius denies. It is formed 
in the humid way, by adding neutral persulphate of iron, drop by drop, 
to a solution of an alkaline hydrosulphuret ; it then falls as a black 
powder, which cannot be dried in the air without change. It corre- 
sponds in composition with the peroxide, and consists of 

Demtiu.. Proust. Jtucholz. 

Iron . . 1 . . 28 . . 53.8 . . 62.92 . . 52.64 . . 62.07 

Sulphur . U • • • • 47.08 . . 47.36 . . 47.93 

1 52 100.0 100.00 100.00 100.00 

Disulphuret of Iron, + 5,) is formed, according to Arfwed- 

son, by passing a current of hydrogen gas over anhydrous protosulphate 
of iron, heated to redness: sulphurous acid, water, and sulphuretted 
hydrogen, are evolved, and 46.47 per cent, of the above compound remain. 
This is probably a definite compound of 1 atom of iron + 1 atom of 
protosulphuret of iron. 

Tetra-sflpiiuret of Iron, {if 6 + S,) is also described by Arfwedson 
as a definite sulphuret ; he obtained it by passing a current of hydrogen 
over anhydrous subpersulpliate (disulphate of the peroxide) of iron. 
These compounds are gray and pulverulent, and they both evolve, mix- 
tures of hydrogen and sulphuretted’ hydrogen when dissolved in dilute 
sulphuric acid. 

Hyposulphite of Protoxide of Iron, (Fe + §,) is obtained by dis- 
solving finely-divided metallic iron in sulphurous acid; a solution is 
obtained at first brown, but becoming green, and no gas is evolved : it 
does not crystallize, and is decomposed by exposure to air. When 
sulphuric or muriatic acids are added to its solution, sulphurous acid is 
evolved, and sulphur precipitated. The solution of this hyposulphite 
furnishes one of the Best instances of a pure protosalt of iron ; and by 
keeping a few filings of iron in it, it may be retained in this state. It 
gives a perfectly-white precipitate with the ferrocyanuret of potassium, 
if dilute, infusion of galls does not immediately discolour it. 

Protosulphite of Iron, (Fe+$,) has not been accurately examined. 

Hyposulphate of Protoxide of Iron is formed by mixing a solu- 
tion of hyposulphate of baiyta with protosulphate of iron : the filtered 
solution furnishes green prismatic crystals, easily soluble, and containing 
29.54 per cent, of water of crystallization. 

Sulphates of Iron. Sulphuric acid forms salts with both the oxides 
of iron, and we have accordingly a protosulphate, and a persulphate of 
iron ; the latter is sometimes incorrectly termed a sesquisulphaie, because 



sulphate's of iron. 


69* . 75“ . 92* . 116* 
1.43 . 0.87 . 0.66 . 0.44 


1 proportional of peroxide of iron combines with of sulphuric acid; 
but as the peroxide of iron contains 1 atom of iron united to 1 1 of oxygen; 
the acid of the salt is the proper equivalent to that of the oxygen in 
the oxide. 

Protosulphate of Iron, (Fe+^^) is the copperas and green vitriol 
of commerce, and is often prepared by exposing roasted pyrites or hisul-^ 
phuret of iron to air and moisture, in which case the salt is impure. It 
is usually formed for medicinal and chemical purposes, by djfsolving iron* 
filings, or turnings, in dilute sulphuric acid, filtering and evaporating the 
solution, and setting it aside to crystallize. It is also obtained, perfectly 
free from persulphate, by acting upon the artificial protosulphuret of iron 
by dilute sulphuric acid. This salt forms green crystals in the form of 
oblique rhombic prisms, (Brooke, Jnn, qf PhiL^ 2nd series, vi. 120,) of a 
styptic taste, reddening vegetable blues; and including, according to 
Thomson, seven, or, according to Mitscherlich, six proportionals of water. 
The solubility of 1 part of this salt at different temperatures is, according 
to Brandes and Fimhaber, as follows, (Gmelin.) 

Temperature 60* . 69* . 75“ . 92* . 116* . 140* . 183* . 194* . 212* 
Water . . 1.64 . 1.43 . 0.87 . 0.66 . 0.44 . 0.38 . 0.37 . 0.27 . 0.30 

The solution is pale>green, and absorbs nitric oxide gas, acquiring a deep- 
brown colour ; it also absorbs chlorine, and muriatic acid is formed, and 
the iron becomes peroxidized ; so that water is here decomposed. It is 
insoluble in alcohol and in sulphuric acid, both of which deprive the 
crystals of water, and precipitiite the salt from its solutions in the form 
of a white powder. 

Exposed to air and moisture, the protosulphate of iron gradually 
absorbs oxygen, and is partly converted into a persulphate. It may also 
be converted into persulphate by nitric acid. When heated, it fuses in 
its water of crystallization, and at a high temperature evolves anhydrous 
sulphuric acid, peroxide of iron remaining in the vessel : by this process 
sulphuric acid used formerly to be prepared, and the residue was known 
under the name of capift mortunm vi*rioli or colcotkar. Hence, also, it 
is, that sulphate of iron is often used as a substitute for sulphuric acid, to 
separate weaker acids from their bases, at high temperatures. If the 
green crystals of this salt be carefully exposed to a temperature of about 
300°, they crumble down into a white powder, composed of one propor- 
tional of dry sulphate, and one of water. Protosulphate of iron (anhy- 
drous) consists of 

Berzelius. Wenzel. 

Protoxide of iron 1 . . 36 . . 47.4 . . 47.07 . . 42.17 

Sulphuric acid . 1 . . 40 . . 62.6 . . 62.93 . . 57.83 




Berzelius. 

Wenzel. 

36 . 

47.4 . 

. 47.07 . 

42.17 

40 

. 52.6 . 

. 52.93 . 

57.83 

"76 

100.0 

100.00 

100.00 


and the crystals are composed of 

Anhydrous protosulphate of iron 1 
Water 7 


76 . 54.6 
. 63 . 45.4 

139 IQO.O 


Berzelius. Thomson. Mitscherlich. 
. 54.6 . 55 . 56.08 

. 45.4 . 45 . 43.98 


The brown powder which falls when solution of protosulphate of iron 
is heated in the contact of air is, according to Berzelius, a sub^persul- 
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pkate^ composed of 1 proportional of acid, 4 of peroxide, and 6 of water, 
or 40 acid + 160 peroxide + 64 water = 254. 

Native Green Vitriol is frequently found associated with iron pyrites, 
being produced by its decomposition : it occurs in several of our coal- 
mines. 

Protosulphate op Iron and Ammonia is a triple salt, the crystals of 
which contain 8 proportionals of water, and are isomorphous with the 
ammonia-suljghate of magnesia (Mitscherlich.) 

Protosulphate of Iron and Potassa is obtained by mixing solutions 
of proportionals of each of the salts ; it is of a very pale tint of green, 
and the crystals contain six proportionals of water (Mitscherlich), five 
(Thomson.) 

Persulphate of Iron, S',) is obtained by dis- 

solving the moist red oxide in sulphuric acid ; or by adding sulphuric 
acid to a solution of the protosulphate, heating the mixture, and dropping 
into it nitric acid sufficient to peroxidize the i^t. It does not crystallize, 
but affords, by evaporation, a brown deliquescent mass. It is formed in 
the mother-waters of the sulphate. Its taste is highly astringent ; it is 
soluble in alcohol; when dry it becomes white. When concentrated 
sulphuric acid is dropped into a strong solution of this persulphate, it* 
throws it down in the form of a white anhydrous powder. This occa- 
sionally occurs in sulphunc acid of commerce, and has been mistaken for 
sulphate of lead. Persulphate of iron consists, according to Thomson, of 

Peroxide of iron ... 1 . . 40 

Sulphuric acid . . . . IJ . . 00 

1 100 


Subpersulphate of Iron. When an aqueous solution of protosul- 
phate of iron is exposed to air, or when a small addition of ammonia is 
made to the persulphate, a brown powder falls, composed, according to 
Berzelius, of 4 atoms of peroxide of iron and 1 of sulphuric acid : it is, 
therefore, a tetrasuhpersulphate* 

Ammonio-persulphate of Iron may be obtained in octoedral crystals, 
which are colourless, and not unlike alum, by evaporating a mixed solu- 
tion of sulphate of ammonia and excess of persulphate of iron. This 
salt, according to Forchammer {Ann. of Phil.^ v.), is composed of 


Persulphate of iron . . 

. 2 

. . 200 

. . 41.5 

Forchammer. 

. . 41.95 

Sulphate of ammonia . 

. 1 

. . 67 

. . 11.8 

. . 12.11 

Water 

. 25 

. . 226 

. . 46.7 

. . 45.94 


1 

482 

100.0 

100.00 


When ammonia is cautiously added to a solution of persulphate of 
iron, and the mixture left to spontaneous evaporation, six-sided prismatic 
crystals are deposited, composed, according to Mans, (Poggend, vol. xi., 
p. 79,) of 

Sulphuric acid 49.20 


Ammonia 10.30 

Peroxide of iron 23.73 

Waiter 16.75 


100.00 



PHOSPHATES OF IRON. 


649 


Persulphate of Iron and Fotassa foms octoMral crystals much 
resembling alum in form, colour^ and taste. These crystds are occa- 
sionally found amongst those of common alum, and are a most incon- 
venient impurity. They are decomposed by repeated solution in water : 
they consist, according to MitscherUch, of 



Persulphate of iron . 

. . 2 

200 

39.0 


Sulphate of potassa . 

. . 1 

88 

17.4 


Water 

. . 25 
f — 

1 

. . 226 

43.0 



613 

100.0 


Phosphuret of Iron ; Diphosphuret of Iron, {%fe + j9,) may be 
formed by dropping phosphorus into a crucible containing red-hot iron- 
wire ; it is a brittle gray compound, and acts upon the magnet. Upon 
the subject of the magnetic qualities of the sulphuret and phosphuret of 
iron, the reader is referred to Mr. Hatchett’s analysis of the magnetical 
pyrites. {PhiL Trans.^ 1804.) It may also be procured by the ignition 
of a mixture of iron-filings, phosphoric acid, and charcoal-powder ; it is 
very difficultly soluble in the acids. A small portion of this compound 
is said to be present in all cold-short iron. It appears to consist of 


Iron .... 

. 2 

. . 50 

• • 77.0 

Berzelius. 

. 76.805 

Pelletier. 
. . 80 

Phosphorus 

. 1 

. . 16 

. . 22.1 

. 23.195 

. . 20 


1 

I2 

100.0 

100.000 

100 


When phosphuretted hydrogen gas is passed over heated iron pyrites 
a compound is formed, containing 54.92 to 56.87 iron -f 45.08 to 43.13 
phosphorus. . (H. Rose.) 

PROTopnospnATE OF Iron (FE+j9') is insoluble, and may be formed 
by adding solution of phosphate of soda, to protosulphate of iron. The 
prolophosphate of iron is at first white, but soon becomes of a pale-blue 
colour by exposure; it is soluble in most of the acids, from which it may 
again be precipitated by ammonia. 

Perphosphate of Iron is a white insoluble precipitate, formed by 
adding phosphate of soda to persulphate or perchloride of iron: when 
heated it gives out water and becomes brown. Digested with potassa or 
soda it is converted into a brown suhperphosphate. 

These phosphates have been analyzed by Yogel, but his results do not 
accord with theory {Ann. of Phil.y xiii., 310), consistently wth which the 
protophosphate should consist of 28 acid + 36 protoxide; and the per- 
phosphate of 42 acid + 40 peroxide. 

Native ProtophoSphate ^ Iron occurs in tfie form of a blue earthy 
powder, or it is at first white, and becomes blue by exposure: it also is 
found in prismatic crystals. The former has sometimes improperly been 
termed Native Prussian Blue, and has been found in alluvial soil: the 
latter occurs with iron pyrites in Cornwall. The blue crystallized variety 
analyzed by Stromeyer {Untersuchungen, i., 274) afforded 


Phosphoric acid 

. . . 

31 

Protoxide of iron 

• • 

41 

Water . 

• • • 

28 


100 
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Iron and Carbon. The different kinds of cast-iron and of steel 
contain more or less carbon, which materially affects their properties. 
The substance termed Plumbago^ Graphite^ or Black Lead^ is generally 
regarded as a true carburet of iron (see p. 463) : this is not an uncommon 
mineral, though rarely found of sufficient purity for the manufacture of 
pencils: at Borrodale in Cumberland, where it occurs particularly pure, it 
is in imbedded masses in slate and grauwacke: the coarser kinds and the 
dust are melted with sulphur for common carpenters' pencils : it is some- 
times used in the manufhcture of crucibles, and it forms an ingredient in 
compositions for covering cast-iron, and for diminishing friction in ma- 
chines. Plumbago is infusible, and bums with great difficulty; its com- 
position was ascertained by Allen and Pepys, by exposing it in the 
apparatus used for burning the diamond, (p. 469,) to a current of oxygen 
at a red-heat, and ascertaining the quantity of carbonic acid and of oxide 
of iron thus produced. They found the average quantity of iron in plum- 
bago to be 5 per cent. By long fusion of steel with charcoal Stodart and 
Faraday obtained a highly-crystalline compound, to which we shall again 
advert (see Steel), containing from 5 to 6 per cent, of carbon. When 
pure Prussian blue is decomposed at a red-heat in close vessels, a carburet 
of iron remains, composed of 1 atom of iron and 14 of carbon; it is a 
black pulverulent substance, which at a low heat takes lire in the air, and 
bums into peroxide of irSn, evolving at the same time carbonic acid. 

Considerable difficulty attends the accurate analysis of artificial com- 
pounds of carbon and iron, in estimating the proportion of the former ; 
this has generally been indirectly effected by ascertaining the quantity of 
iron, and considering the loss of weight as carbon, a method obviously 
objectionable. If the action of dilute sulphuric acid be resorted to, a por- 
tion of carbon is carried off by hydrogen ; the same is the case with 
muriatic acid; and if nitric acid be used, some carbonic acid may be 
formed, and artificial tannin is produced. 

Protocarbonatb of Iron. (Fe + CCLT'.) Carbonic acid may be 
combined with the protoxide of iron, by adding carbonate of potassa to 
solution of protosulphate of iron; a white or greenish precipitate of 
hydrated protocarbonate of iron falls, which, exposed to air, becomes 
brown, and evolves carbonic acid; so that a dry protocarbonatc of iron 
cannot thus be obtained. Solution of bicarbonate of potassa occasions a 
white precipitate with sulphate of iron, part of which is redissolved on 
adding excess of the carbonated alkali. When carbonic acid in aqueous 
solution is digested with iron-filings, a colourless solution of the proto- 
carbonate is obtained: it is not an uncommon ingredient in mineral 
waters. 

The protocarbonate of iron consists of 

Protoxide of iron ... 1 . . 36 . . 62 

Garbonic acid .... 1 . . 22 . . 38 

7 68 100 . 

Native Protocarbonate of Iron, or Spathose Iron Ore, occurs in 
Germany, and in some parts of Cornwall, crystallized in imperfect rhom- 
boids. Its colour is yellowish, or brownish-gray. It generally contains 
manganese, lime, and a trace of magnesia. A spramen of this mineral 
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from Eulenloh in Bareuth, analyzed by Bucholz (GeAZen’x Journ.^ i., 231 ), 
contained carbonic acid 36, protoxide of iron 69, lime 3, water 2. 
These components indicate that this mineral consists essentially of proto- 
carbonate of iron, composed as above. The clay iron ore of our coal 
districts, from which English iron is chiefly obtained, is an impure 
proiocarbonate of iron* Previous to reduction, .it is reduced by heat, to 
the state of oxide, as will appear from the account of the manufacture 
of iron, at the end of this section. 

Percarbonate of Iron has not been obtained in a separate state; for 
the protocarbonate, whilst drying, exposed to air, loses carbonic acid, 
and becomes peroxide. When bicarl^nated alkalis are digested with 
recently-precipitated peroxide of iron, triple salts are formed. 

Iron and Cyanogen. These substances give rise to several important 
compounds, in which they exist either combined in various proportions, or 
as a basisy in union with other bodies. 

Protocyanuret of Iron is obtained according to Berzelius in the 
form of a gray powder, by gently heating ammonio-cyanuret of iron 
(Ferrocyanate of Ammonia) out of the contact of air. It falls in the, 
form of a white hydrate when a pure protosalt of iron is decomposed by 
ferrocyanuret of potassium; but in this state it is not permanent, and 
quickly passes into Prussian blue by the absorption of oxygen. It its 
dry state, it consists of 


Iron . . 

. 1 

. . 28 

. . 51.8 Iron . . 

. 51.8 

Carbon . 
Nitrogen . 

. 2 

. . 12 
. . 14 


. 48.2 


1 

54 

100.0 

100.0 


Ferrocyanurets. Protocyonuret of iron, which we may call ferro- 
cyanogen^ combines with a variety of other metallic cyanurets, forming 
double cyanurets, of ferrocyanurets^ and they are generally so constituted 
as to contain 1 equivalent of the ferrocyanogen combined 'with 2 equi- 
valents of the other cyanuret: their elements, therefore, are in such a 
ratio, that if the metals were converted into protoxides at the expense 
of water, the hydrogen would just sufl&ce to form hydrocyanic acid 
with the cyanogen ; or, in other words, one equivalent of the respective 
ferrocyanurets would decompose three equivalents of water. 

ferrocyanurets are decomposed by heat with various phenomena. 
1. The ferrocyanogen evolves nitrogen and becomes converted into bicar- 
buret of iron, which remains mixed with the basic cj^anurct: this is the 
case with ferrocyanuret of potassium, 2. The cyanogen of both the cyanu- 
rets is decomposed, nitrogen evolved, and metallic bicarburets of iron and 
of the basic metal are formed, as with ferrocyanuret of lead, 3. The 
basic cyanuret evolves cyanogen, and is reduced, as in the case of ferro^ 
cyanuret of silver, 

Ferrocyanuret of Potassium ; Ferrocyanate op Potassa; Prus- 
siate of Potassa. C/fe+cy) + a(J90+C^.) Whon Prussian blue in 
boiled 'with potassa it is decomposed; it loses its blue colour; oxide of 
iron is separated; and on filtering and evaporating the solution, crystals 
of the above compound are obtained. It is best fonped by adding 
powdered Prussian blue (previously heated with a dilute sulphuric aei3 
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composed of one' part of acid and five of water, and afterwards washed) 
to a hot solution of potassa, as long as its colour is destroyed. It is 
largely prepared as an article of commerce, chiefly for the use of calico- 
printers, by the following process: 

Into an egg-shaped iron pot, brought to moderate ignition, project a 
mixture of good pearl-ash and diy animal matters^, of which hoofb and 
horns are best, in the proportion of two parts of the former to five of the 
latter. xStir them well 'with a flat iron paddle. The mixture, as it 
calcines, will gradually assume a pasty form, during which transition it 
must be tossed about with much manual labour and dexterity. When 
the conversion into a chemical compound is seen to be completed by the 
cessation of the fetid animal vapours, remove the pasty mass with an iron 
ladle. If this be thrown, while hot, into water, some of the prussic 
acid will be converted into ammonia, and of course the usual product 
diminished. Allow it to cool, dissolve it in water, clarify the solution by 
filtration or subsidence, evaporate, and, on. cooling, yellow crystals of the 
ferroprussiate of potash will form. Separate these, redissolve them in hot 
water, and, by allowing the solution to cool very slowly, larger and very 
regular crystals may be had." (lire's Dictionary,) 

This salt, by careful evaporation, forms permanent lemon-yellow 
crystals, of a specific gravity of 1.83: they are more soluble in hot 
than cold water, insoluble in alcohol, and of a cooling saline taste. 
Dr. Ure states, that water at 60^ takes up about one-third, and at 212^ 
its own weight of this salt. The large crystals have a peculiar 
toughness, and the thin ones are somewhat flexible and elastic: their 
forms have been described by Mr. Levy and Mr. Brooke. (Quart, Jour,^ 
XV., 288; Ann. of Phil. ^ N. vi., 41.) They are four-sided tables, 
derived from a primary octoedron. When moderately heated this salt 
loses its colour, and crumbles down into a white powder, parting 
with about 13 per cent, of water. The crystals retain their figure till 
upon the verge of ignition. It is decomposed in a retort at a red-heat, 
hydrocyanic acid and ammonia are evolved, and the residue consists of 
charcoal, potassa, and iron. Exposed to a red-heat in a platinum crucible, 
a brown mass is obtained, which, washed with water, deposits a gray 
cyanuret of platinum. The aqueous solution furnishes, on evaporation, 
hydrocyanate of potassa, and a large quantity of transparent colourless 
prismatic crystals. (Thenard.) Boiled with dilute sulphuric or muriatic 
acids, hydrocyanic acid is given out, and a white precipitate formed 
similar to that which the salt produces in a solution of protosulphatc 
of iron. 

Neither sulphuretted hydrogen, the hydrosulphurets, the alkalis, nor 
tincture of galls, produce any precipitate in solutions of this salt. Red 
oxide of mercury decomposes it at a moderate heat, peroxide of iron and 
metallic mercury are precipitated, and cyanuret of mercury formed ; so 
that the iron is peroxidized at the expense of the oxide of mercury. 

When a. solution of this salt forms insoluble precipitates in metallic 
solutions, the nature of the luetal present may often be judged of by the 
character and colour of the precipitate, as indicated by the following 
table: 

• Iron-filings are occasionally added to the above mixture. 
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METAL. 

SOLUTION. 

PR ECIPITATE. 

Manoaitese 

Neutral protomuriate . 

White 

Iron . . 

Neutral protosulphate 

White or pale blue 

Ditto . . 

Permuriate * 

Prussian blue 

Zinc . . 

Muriate 

Yellowish white 

Tin 

Acid protomuriate 

White, then yellow and bluish 

. Ditto . . 

Acid permuriate 

Pale yellow 

Cadmium . 

Muriate 

White 

COPVER . . 

Protomuriate 

Lilac 

Ditto . . 

Pemitrate 

Deep brown 

Lead . . . 

Nitrate 

White 

Antimony . 

Tartrate of antimony and potassa 

0 

Bismuth . 

Tartrate of bismuth and potassa 

0 

Cobalt . . 

Muriate 

Pale green 

Uranium . 

Sulphate 

Deep brown 

Titanium . 

Acid muriate 

Deep blue (from acid) 

Ditto . . 

Neutral sulphate 

Sap green 

Cerium . . < 
Tellurium 

White 

Arsenic 

White oxide 


Ditto . . 

Arsenic acid 


Nickel . . 

Sulphate 

Gray 

Mercury . 

Acid nitrate 

Greenisli white 

Ditto . . 

Acid pemitrate 

Ditto 

Ditto . . 

Corrosive sublimate 

White 

Bhodium . 


0 

Palladium 

Muriate 

Olive 

Silver . . 

Nitrate 

Cream*colour 

Gold . 

Muriate 

0 

Platinum . 

Ditto 

YeUow 


Various opinions have been entertained with regard to the proximate 
composition of the salt we have been describing. In its crystalline form 
it is, according to Berzelius, a hydrated ferrocyanuret of potassium^ and 
I have adopted this as the simplest view of its constitution; that is, as 
consisting, in its anhydrous state, of 1 atom of cyanuret of iron, combined 
with 2 atoms of cyanuret of potassium. In this state, therefore, its ulti- 


mate elements are 



RobiquGt. 

Iron . . . 

.1 . . 28 

15. 

14.42 

Potassium . 

.2 . . 80 

43. 

41.36 

Cyanogen . 

.3 . . 78 

42. 

42.91 


1 186 

100. 

100.00 

These elements are equivalent to 



Cyanuret of Iron .... 1 

. . 54 • . 

29 

Cyanuret of Potassium . . 2 

. . 132 

71 


1 

186 

100 

and the hydrated^ or 

crystallized ferrrocyanuret^ will consist of 




Ure. Dobereiner. 

Anhydrous Ferrocyanuret of Potassium 1 

. 186 . 87.5 . 

87.12 . 88 

Water 


. 27 . 12.5 . 

12.88 . 12 


1 

213 100.0 

100.00 too. 


But another view of the nature of this salt, in its hydrated form, has 
been taken by some chemists, founded upon the originsd experiments of 
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Mr. Porrett {Phil. Trans.^ 1814), and perfectly consistent with its atomic 
constitution. It will be observed that 1 atom of the anhydrous ferro* 
cyanuret is combined with three atoms of water^ the oxygen of which is 
obviously just that required to convert the iron and the potassium into 
protoxides, and the hydrogen to convert the cyanogen into hydrocyanic 
acid; so that viewed in this way, the salt may be regarded as composed of 

Hydrocyanate of Protoxide of Iron . . 1 . . 63 . . 29.6 

„ ofPotassa 2 . . 150 . . 70.4 

1 213 100.0 

But Mr. Porrett conceived the protoxide of iron to be so combined with 
the whole of the hydrocyanic acid, as to constitute a distinct acid, which 
he termed ferruretted cyanic, or "^errochyazic acid (from the initial letters 
of carbon, hydrogen, and azote.) 

Ferrochyazcc Acid; Hydrocyanoperric Acid (of Gay Lussac); 
Hydroferrocyanic Acid; Ferrocyanic Acid. (^+ 0) +3 {Cy + h.) 
This acid may be obtained according to Porrett as follows: Dissolve 58 
grains of crystallized tartaric acid in alcohol, and pour the solution into 
a phial containing 50 grains of ferrocyanate of potassa dissolved in 3 
drachms of warm water; by these means, the potassa is precipitated in 
the state of supertartrate, and the ferrochyazic acid remains dissolved in 
the alcohol, from which it may be obtained, by careful evaporation, in 
small cubic crystals {Ann. of PhiLy Sept. 1818); or the solution of ferro- 
cyanuret of barium may be decomposed by sulphuric acid, so as exactly 
to abstract the baryta in the form of sulphate. Berzelius recommends 
the decomposition of rdfeently-precipitated ferrocyanuret of lead or copper 
diffused through water, by sulphuretted hydrogen, filtering, and getting 
rid of the excess of sulphuretted hydrogen, which would spoil the air- 
pump, by a little ferrocyanuret of lead: the solution should ultimately be 
rapidly filtered, and evaporated in vacuo over sulphuric acid. A white 
residue remains, which, when dissolved in water is sour, inodorous, and 
yields Prussian blue with a persalt of iron; it dissolves the alkaline 
carbonates with effervescence, and yields ferrocyanurets. Its aqueous 
solution, when exposed to light and air, gradually deposits Prussian blue; 
and, when boiled, deposits white protohydrocyanate of iron. Subjected 
to destructive distillation it yields hydrocyanic acid, hydrocyanate, and 
carbonate of ammonia, and leaves carburet of iron. This acid consists, 
according to Berzelius (and Porrett?), of 


Protoxide of Iron . . . . 

. 1 

36 

30.8 

Hydrocyanic Acid . . . . 

3 

81 

69.2 


1 

117 

100.0 

and the crystallized ferrocyanuret 

of potassium may be regarded as an 

anhydrous disalt of this acid, or as 

consisting of 


Hydroferrocyanic Acid 

1 

. . 117 

. 6fi 

Potassa 

2 

96 

45 


1 

213 

100 . 


Ferrocyanate of Ammonia. When ferrocyanuret of lead is diffused 
through water, holding carbonate of ammonia in solution, or when 
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Prussian blue is digested in solution of ammonia, the filtered liquors yield 
small yellow octoSdral crystals, apparently composed of 

Hydroferrocyaaic Acid 1 . . 117 * • 77.5 

Ammonia 2 . . 34 22.5 

1 151 100.0 

Ferrocyanurbt of Sodium, (fB+C^)+ 2 (SO +C^.) This salt is 
obtained by boiling Prussian blue with caustic soda. Its solution yields 
hydrated yellow prismatic crystals, soluble in 4.5 of water at 55®, and 
insoluble in alcohol. They effloresce, and lose by drying 39 per cent. 
of water. 

Ferrocyanurbt of Barium ( f6 -\‘ Cy )+ i ( b ( l ’\‘ Cy \ is best obtained 
by mixing boiling-hot solutions of 1 part of chloride of barium and 2 
of crystals of pure cyanuret of potassium : as they cool, small yellow 
rhomboidal prisms are deposited, and the mother-liquor yields more by 
evaporation. The salt requires 100 parts of boiling water and 1920 of 
cold water for its solution. The crystals contain 18 per cent, of water, 
of which the greater part may be expelled by heat. 

Ferrocyanuret op Strontium (fe’\-Cy)-\-^{StT’\-cy) is formed 
by boiling a mixture of Prussian blue and hydrate of strontia in water : 
it forms yellow crystals soluble in 4 parts of cold water. 

Ferrocyanuret op Calcium, (fe+cy) + -2 (Col+Cy). When 
hydrate of lime and Prussian blue are boiled in water, and the re^sulting 
solution filtered and evaporated to the consistence of syrup, i^ yields 
large lemon-yellow four-sided prisms which effloresce in a warm atmo- 
sphere, and at 100® lose nearly 40 per cent, of wSter, retaining about 2 
per cent, which cannot be separated without decomposing the salt. 

Ferrocyanuret op Magnesium crystallizes in small deliquescent 
tables. 

Ferrosbsquicyanurets. a sesquicyanuret of iron, or a compound 
of 1 atom of iron and 1^ of cyanogen, (if 6 +3 cannot be obtained 

in an insulated state ; but, such a compound acts the same part as the 
protocyanuret of iron in regard to basic cyanurets, and produces a class 
of definite compounds which have been termed ferrosesquicyanurets. 
(L» Gmelin.) 

Ferrosesquicyanuret of Potassium., When chlorine is passed 
through a solution of ferrocyanuret of potassium till it ceases to preci- 
pitate Prussian bltte from the per salts of iron, and the fluid then filtered 
and slowly evaporated, it furnishes small prismatic crystals, which, 
purified by a second solution, assume a ruby-red colour ; they are anhy- 
drous, and require 3.8 parts of cold water for solution, and are nearly 
insoluble in alcohol. Although this salt occasions no- change in 
solutions of iron containing the peroxide only, it is a most delicate test qf 
the protoxide of that metal. This salt (doubling the equivalents, to avoid 
fractions) is constituted of 


. . . 

. . 2 . . 

S6 

10.9 

L. 6m«lln. 

17.22 

Potassiiim . 

. . 3 . • 

120 

B6.I 

36.65 

Cyanogen . 

. . 6 

166 

47.0 

49.0Q 


T 

332 


iwi? 
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2 equivalents of scsquicyanuret of iron (67 1*14 . . 40.4 

cyanuret of potassium (60x3)= 108 .. 59.6* 

332 100.0 

The ferrosesquicyanureis of sodium^ hariim^ and caJeinm^ may he 
/obtained by the same process, care being taken to avoid excess of 
chlorine, which is apt to react upon the salt. Solution of the ferro- 
sesquicyanuret of potassium throws down the following metals, of the 
annexed colours : — 

Titonhim . . Brownish yellow. Silver . , Orniitje-yellow. 

Urankiin . . Beddish brown. Mcrpiiry . Yellow (both oxides.) 

^ Manganese. . Brownish gray. Tin . . White. 

'‘Cobalt. . . Dai’k icd-browii. Zme . . . \Oraiigo. 

Nickel . . . Yellownsh blown. Bismuth . Yellow’ -brown, 

Gopper . . Dirty yellow-browm. | 

J'errosesquicyantc Acid. Wlien forrososquievanurot of pota«>sium 
19. added to a solution of lead, no immediate precipitation ensues, liut, 
after a time, brown crystals fcrroscsqincy amt) et of lead are d(*po«.ited. 
When these are dissolved in w'ater and decomposed by sulphurettiHl 
hydrogen, the filtered solution, which is^ oft a red colour, }ields, on 
evaporation, brown eiy-stals, which arc acid, and which. hear the same 
rdation to ferrosesquicyanogen, as the con(‘sj)onding produft of the 
Asrcocyanuret of lead does to ferrocyanogen. 

" FfiRROBESQUicTYANURET OF Iron ; Piiussia:^ Blue. This celebrated 
pi^ent Was accidentally discovered by DiesbaeK a colour-maker at 
I^TUn, m tlie year 1710: the first description of the mode of preparing 
it is given by Woodward in the Philosopithal T^mtsaJwtis for 
It is usosdly made as follows. Equal parts of carbonate of potass.i 
and some animal substance, such as diied blood, or born-sluuiiigs, an^ 
heated red-hot, in a crucible, for half an nbur, and six or eight ])arts of 
^ water are poured upon the mixture when it has quite cooled. TJie 
solution, which used to be called lixiviuvi sanguinis^ is filtcn-cd and found 
to contain hydrocyanate of potassa^ along with carbonate of potassa, and 
jpome other products. It is mixed with a solution containing tivo parts 
alum and one of protosulphate of iron ; a precipitate falls, at first of 
^ dmgy-green hue, but which, by copious washings with very dilute* 
'mdriatic acid, acquires a fine blue tint. 

. At present, Prussian blue is prepared of different degrees of purity, 
by precipitating solutions of peroxide of iron by fcrrocyaiiurct of potas- 
sium, i^arious additions being made to it according to the pur])Oses for 
which it is required. Pure Prussian blue is obtained by adding a 
solution of ferrocyanuret of potassium to persulphate of iron, thoroughly 
washing the precipitate, first with water slightly acidulated by sulplimie 
acid, and then with pure water, and ultimately drying it in a warm place. 
It is of a peculiarly rich and intense blue, with a copper tint upon it.s 
surfiM^e : it is insipid, inodorous, insoluble in water, in alcohol, and in 
dilute acids. Concentrated si^phuric acid forms with it a white pasty 
mass, fronx'^which water again^sl^parates it unaltered ; nitric acid decom- 
poses it ; and concentrated muriatic acid abstracts part of its iron. Sul- 
phuretted hjr4irogen, and iron and zinc filings render it wbite^ in con* 
sequence of the abstraction of plrt of its cyanogeau The alkalis 
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flccompose it with the phenomena already described. It is extretnlly 
hygromctric, and after having been well dried, speedily attracts moisture. 
When subjected to destnictive distillation, it yields a little water and 
hydrocyanate of ammonia, and then car1)onate of ammonia, and a black 
rarbonjlpcous mass remains in the retort. 

Prussian blue is manifestly a compound of cyanogen and iron, and 
various views have been taken of its atomic constitution, according as it 
has been considered a cyanurct, or a hydrocyanate ; that is, as containing 
or not containing elementary, water. From the researches of Berzelius, 
it appears, if considered as anhydrous, or merely retaining adventitious 
water, to be constituted of 

Sesqaicyanuret of iron . . 4 . . 268 . . 62.2 

Cyaiiuret of iron . . .3 . . 162 . . 37.8 

- I 

Or, of 

Iron .... 7 
Cyanogen . . .9 

' T 

The ultimate elements^ therefore, of anhydrous Prussian blue, are 


Iron . . . . 

. . 7 

106 

45.5 

Caibon . , . 

18 

108 

25.2 

Jsitrdgon 

9 

126 

29.3 


J 

430 

ii^ 


Assuming, then, Prussian blue to be a compound of 4 atoms 
sesquicyanuret of iron, and 3 of cyanui-et of iron, we see why it^is 
produced by the action of fer ocyanuret of, potassium, (consisti]^''|»f 
cyanuret of potassium and cya luret of iron,) upon the salts of perMpie 
of iron : for an interchange of elements takes place between the cyfutoet 
of potassium and peroxide of iron, by which potassa and wquic^anuret 
of iron are formed. Let us suppose (to avoid fractions) that 3 atoms 
of ferrocymiuret of potassium (containing 6 atoms of cyanuret of 
potassium and 3 of cyanuret of iron) act upon 4 atoms of peroxide of 
iron (containing 4 atoms of iron and 6 of oxygen). In this case, the 
6 of potassium (in the ferrocyunuret) combine with the 6 of oxygen (in 
the peroxide of iron) to form 6 atoms of potassa ; and the 4 of iron (in 
the peroxide) unite to the 6 of cyanogen (in the cyanuret of potassium) 
to form 4 atoms of sesquicyanuret of iVow, which, by combining with 
the 3 of cyanuret of «row, ^(left by the ferrocyanuret of potassium) form 
Prussian blue. The whole result will, perhaps, be more explicit in the 
annexed diagram, which shows that 6 Pofassa 

the iron of the peroxide takes the 
place of the potassium of the forro- 
cyanuret. (The annexed numbers a 
refer to atoms or equivalents, as Krill 
be evident from the foregoing tables *^assium. 
of composition.) 

It will also be obvious tbatprot- 
oxide of iron cannot form Prussian i Pmsw# nim 

2 u 



430 100.0 


1.96 

45.5 

234 

54.5 

430 

100.0 
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bill, but that when it exchanges elements with ferrocyanuret of potas* 
slum, protoctfamtret of iron and not sesquicyanurct, must be the result. 
When, on the other hand, ferrosesquicyanuret of potassium is mixed 
lyith a protosalt of iron, potassa, and cyanuret of iron are the new 
products ; the former unites with the acid previously in combination with 
the protoxide, and the cyanuret of iron is partly precipitated, and partly 
unites to the sesquicyanuret of iron contained in the lerrosesquicyanuret 
of potassium, to form Prussian blue: this will be evident from the 


' 6 PitUusa 


2 Fkkro* 

gEBQTTlCV- 

ANVKKTOr 

rorrAsaitru 


6 

Potassium. 


4 Fvrroses- 
qiiicyaniiret 
of Iron. 
l6 CyaiioKeu. 


6 \ 
Oxygen. 


6 

Iron. 


6 

Protox 

lOK OV 

Iron. 


L Prussian BUte 
3 Protoci/nnuret of Iron. 


annexed diagram, referring at the 
same time to the above tables of the 
composition of Prussian blue, and 
of the ferrosesquicyanuret of potas- 
sium. ^ 

Soluble Prussian Blue. It is 
often remarked, that under certain 
circumstance of precipitation, Prus- 
sian blue becomes apparently soluble 
in water ; this is especially the case 
when a persalt of iron is added to excess of a solution of ferrocyanuret 
of potassium. In this case, a compound is formed between the Prussian 
blue and the ferrocyanuret, soluble in pure water, but insoluble in saline 
solutions; accordingly, as soon as the salts are 'v^ashed out of the preci- 
pitate, it begins to dissolve in the water. Thia' compound, according to 
Berzelius (Ann. de Chim. et Phps.^ li.), consists of 1 atom of ferrocy- 
anuret of potassium and 1 of Prussian blue. 

Protosulphocyanuret of Iron. (fc+Sulcy.) The sulphocyanic 
acid dissolves iron with the evolution of hydrogen, and a pale-grccn solu- 
tion is obtained, which may be evaporated to dryness in vacuo, but 
deposits a yellow sediment on exposure to air. 

Persulphocyanuret op Iron. (^+ SUlcy.) This compound may 
be obtained in the form of a deliquescent uncrystallizable mass, of a rod 
colour, by dissolving hydrated peroxide of iron in sulphocyanic acid, and 
carefully evaporating to diyness. When sulphocyanic acid is added to 
any soluble persalt of iron, it produces a very characteristic red tint, and 
thus applied, is a delicate and useful test. 

Protobobate of Iron is an insoluble powder, obtained by adding a 
solution of borate of soda to one of protosulphate of iron. 

Perborate of Iron is of a yellow colour, and insoluble. It is formed 
by adding borate of soda to persulphate of iron: it is vitrifiable at a high 
heat. T^en hydrogen is passed over borate of iron, heated red-hot in a 
porcelain tube, it is converted into a boruret of irouj consisting of ^^.4A 
iron, 22.57 boron? (Lassaigne.) 

. Alloys of Iron. Iron and Potassium fprm a white soft alloy which 
effervesces in water. When a mixture of charcoal, iron-filings, and 
magnesia^ is exposed to its fusing heat, the resulting globule contains 
traces of magnesium. With lime no analc^us effect ensues. The dlloy 
of trofi and n^anganese is white, hard, and brittle, and sometimes by its 
presence, confers peculiar characters on steel. A little iron in manganese 
renders it magnetic, and diminishes its tendency to oxidizement. 
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Characters op the Salts op Iron. The salts of iron are mostly 
soluble in water, and the solution is reddish brown, or becomes so by 
exposure to air. They afford either a pale or a deep blue precipitate with 
ferrocyanuret of potassium; and a black precipitate with hydrosulphuret of 
ammonia. The protosalts, when entirely free from peroxide, give a white 
piecipitate with ferrocyanuret of potassium ; the sesquiferrocyanuret of 
potassium precipitates them deep blue, but occasions no precipitate in pure 
solutions of peroxide. Infusion of gall-nuts }>roduces a black or deep-purple 
precipitate. Ilydriodic acid occasions no change. Soda-muriate of gold 
is an extremely delicate test of the protosalts of iron. A grain of proto- 
sulphato of iron, with an equal weight of soda, dissolved in four pints of 
water, produces a precipitate, gradually becoming purple, on the addition 
of a drop of solution of muriate of gold : without the soda, the effect 
did not appear in less than three days. (Ficinus, Quart. Journ., xv. 382.) 

Some of the persalts of iron, and especially the permuriate and the 
persulphate, are rendered of a peculiar blood-red colour, and fiimish a red 
precipitate, when the solutions are concentrated, upon the addition of 
sulphocyanic acid and the soluble sulphocyanates : a v'ery similar discolo- 
ration is effected by the meconic acid and the soluble mcconiates, and b} 
tinctures of opium. The effects may, to a certain extent, be distinguished 
by the addition of a few drops of muriate of gold, which destroys the tint 
occasioned by sulphocyanic compounds, but produces little effect upon 
those of the meconic acid. The indigotic acid also renders the periults 
of iron of a red-colour. None of the metals precipitate iron in a 
metallic state, if we except zinc and cadmium, which effect an imperfect 
precipitation, especially from some of it« protosalts, in vessels excluded 
from the access of air. Before the blowpipe, peroxide of iron produces 
w'ith microcosmic salt, or borax, in the exterior flame, a glass, W'hich 
is blood-red while hot, but yellow when cold. The protoxide forms 
with these fluxes a green glass, which, by increasing the proportion 
of the metal, passes through bottle-green to black, and is opaque. The 
glass from the peroxide becomes green in the interior flame, and is 
reduced to protoxide, and becomes attractable by the magnet. When 
placed on the wick of a candle, it burns with the crackling noise peculiar 
to iron. 

Manufacture of Iron and Steel. It has already been stated that 
the nodular argillaceous carbonated iron-ore of the coal formation, is 
chiefly resorted to in this country as the source of the metal ; the following 
is an outline of the process of reduction, (Aikins* Dictionary: Supplement 
to the Encyclopasdia Britanmca : Lardners Cyclopcedia.) 

The first process that the ore undergoes after it has been broken into 
small pieces, is roasting. This is performed as follows : — Upon an 
oblong piece of firm and level ground is laid a “bed of small coal, from 
four to eight inches thick ; upon this is placed a stratum of ironstone, 
from eighteen inches to two feet thick: the upper surface of which is 
rendered more compact by filling up the interstices with smaller pieces. 
Upon this rests a layer of small coal not more than two inches thick, and 
on this, as a base, is reared a gradually-diminishing pile of ore ; finally, 
the whole external surface receives a complete covering of small coal and 
coal-dust. The pile is kindled by applying burning coals to the lower 
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The bieadtih of the pile at the bottom varies firom ten to 
ifitteen feet, the usual height is about five feet, and the length varies from 
thirty fieet to sixty yards. When the coals me consumed, the pile gra- 
dually cools, and in eight or ten days may be wheeled away to tlie 
furnace. The ore, if well roasted, will now be of a reddish brown colour, 
of diminished specific gravity, and will have become magnetical; the 
sulphur, water, inflammable matter, and carbonic acid that it originally 
contain^, will have been dissipated, and it is now ready to be smelted. 
The smeUing’furnace resembles externally a truncated quadrilateral 
pyramid of considerable height in proportion to its thickness ; it is built 
of strong masonry, \rith contrivances to obviate the danger of its cracking 
by the expansion that takes place when it is heated. The interior of the 
furnace consists of the five following parts, reckoning from the bottom 
upwards. The hearihy composed of a single block of quartz-grit about 
two feet square: upon this is erected what in France and Germany is 
called the cmctble^ which is a four-sided cavity six feet six inches high, 
slightly enlarging upwards so as to be two feet six inches square at the 
top : the part above, called the boshes^ is in the shape of a funnel or 
inverted cone, eight feet in perpendicular height, and twelve feet in 
diameter at the top; this terminates in the cavittf of the furnace, which is 
of a conical figure, thirty feet high, and three feet diameter at the top ; 
from this part it enlarges into a fhnnel-sliapcd chimney^ about eight feet 
high, and sixteen in diameter at its mouth. About two feet above the 
hearth is a round aperture, called the Tuyere^ or Tweer^ made in one of 
the sides of the crucible to admit the extremity of the blast-pipe, through 
which the air in a high state of compression is forced into the furnace, 
and at the bottom of the crucible is an aperture, through which the scoriae 
and melted metal are from time to time discharged. A furnace of this 
construction, if it meets with no accident, may be kept in constant work 
for three years or more without requiring any repairs. The fiirnace is 
charged at the chimney, by regular intervals, with coke, iron-ore, and 
limestone, in the proportion of about four of the first, three and one-third 
of the second, and one of the third, by weight, care being taken so to 
regulate the frequency of the charges, as that the furnace shall be alwrays 
fbU nearly to the top of the great cavity. The density of the blast and 
the form of the discharging-pipe are ordered so that the chief focus of 
heat is about the bottom of the boshes; hence the ore has to descend 
about thirty-eight feet perpendicular, before it arrives at the place where 
ihe fusion is effected. This does not happen in less than forty-eight 
hours; so that the ore is all this time in a state of cementation at a high 
temperature, in contact with the bumiag fuel, and, in consequence, is 
almost saturated with carbon when it reaches the hottest part of the 
Amace. Being arrived at this place, the limestone flux, and the earthy 
particles of the ooke and ore, run down into a slag* ; the iron is also melted, 

* The iU^ chiefly coxudsts of silica in and this compound even forms crystals 
eombinailon with lune, alumiiia, magne- resembling pyrossns. The production of 
•iaand the protoxides ofman^eseand ar^fickd minerals by these processes, is a 
iron. According to Mitscherlich, {Am. subject of extreme interest and import- 
dp Chim et P^9.y xxiv,) it frequently ance, both in a geological and chemical 
coomsts of a bisUicate of lime and mag- view, and an excellent field for experi- 
nesia with more or less protoxide of irons mental inquiry. 
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and more ordess decarbonized, and in part oxydated by the blast, inversely, 
according to the proportion of fuel with wUch it is mixed. The fluid 
mass soon sinks down below the infliuence of the blast, and while it 
remains quiet at the bottom of the furnace, the globules of iron are 
precipitated from the slag, and occupy the lowest place, while the covering 
of scoriee thus interposed between the metal and that portion of the blast 
which is reflected downwards, prevents it from suffering any further loss 
of carbon. In proportion as the melted matter accumulates, the slag 
being the uppermost, flows out at the aperture made for this purpose: 
the iron is let out at regular intervals, into furrows made in sand, 
where it forms what is called pig-tron, or into a large reservoir, whence 
it is poured by means of la^es Into moulds, forming all the various 
articles of cast-iron ware. 

The following are some of the circumstances in the smelting which 
influence the quality of the produce. Much depends on the Juel: if the 
coke is not perfectly made, but retains bitumen, the whole mass cakes in 
the upper part of the furnace, and, instead of descending regularly to the 
locus of heat, falls down at irregular intervals, so that part of the metal 
is detained too long before the blast, and decarbonized and oxydated, 
while other portions pass so rapidly through the furnace as never to be 
thoroughly reduced; hence the amount of the produce is diminished, and 
its quality deteriorated. Nor is it of less importance that the coke should 
be dry when put into the furnace. The proportion of fuel should also be 
adapted to the richness of the ore, so that there may be sufficient both to 
keep up the necessary degree of heat, as well as to carbonize the metal : 
hence, as the charges of ore and fuel are always proportioned by measure, 
if an ore somewhat richer than u«iual happens accidentally to be employed 
without a corresponding addition of fuel, the produce, though somewhat 
increased in quantity, will be more than equivalently reduced in quality. 
Another circumstance that the manufacturer must carefully attend to, is 
the proper choice of ore with regard to fusibility; for, as it is not only 
requisite that the iron should be melted, but also highly carbonized, and 
as coke gives off its carbon more difficultly than charcoal, a veiy fiisible 
ore would melt long before it arrived at the focus of the furnace, and 
passing rapidly through, would reach the hearth without having had 
time to imbibe the proper quantity of carbon. Hence it is, that the rich 
hematites^ although they afibrd an excellent quality of iron when smelted 
with charcoal, produce nothing but white iron when treated in the coke- 
furnace; while, on the other hand, argillaceous ironstone being much 
more refractory, does not melt till it comes into the very hottest part ot 
the furnace, and therefore has had full time to absorb the desirable quan- 
tity of carbon. Another thing to be attended to, is the proper regulation 
of the blasts and this depends upon its dryness, its temperature, its corn-* 
pression, and its direction. The dryness and temperature appear to be 
principally governed by the season of the year. The drier and colder the 
air is, the greater will be its effect on the combustion; and it is found 
that the produce of iron during the summer months, is inferior in quan<* 
tity and quality to that which is manufactured in the winter; a clear, dry, 
and severe frost is the most favourable period in every respect for the 
working of the furnace, and a change to snow or rain is followed by a 
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corresponding deterioration. The higher the temperature of the blast 
when it is delivered into the furnace, the smaller will be the quantity of 
oxygen contained in every cubic foot, and, of course, the vigour of the 
combustion*. Nor is the force of the blast and its direction a subject of 
less importance; it is obvious, that in proportion as the charge descends, 
the carbonaceous matter is continually diminishing; hence the proper 
situation for the focus of the blast is that part of the furnace, where, when 
the ore shall have arrived, it will be i^lly carbonized and surrounded 
with a sufficient quantity of fuel to excite an intense heat, and absorb 
nearly the whole of the oxygen of the air, and thus prevent it from either 
oxydating the iron, or carrying off the carbon with which it may be com- 
bined. This precise situation, in a furnace properly constructed, will be 
found to be just within the expansion of the boshes; but as this is more 
than four feet above the tuyere hole, the blast must be delivered with 
great velocity, and in a direction somewhat slanting upwards, in order 
that it may be reflected by the opposite wall of the crucible, and arrive 


* Since this excellent account of the , 
manufacture of iron (by Messra. Aikin) | 
was written, an important change has 
been suggested in the introduction of the 
blast, in consequence of the discovery by 
Mr. Neilson, of Glasgow, of the saving of 
fuel and improvement in the iron, by 
sending a bl^t of Ao/, instead of cold, 
air, into the furnace. A short notice of 
tills discovery is given by Dr. Cloi’k, in 
the £din. Phil, Trans., vol. xiii., of which 
the following is an abstract. The im- 
provement consists essentially, in heating 
the air in its passage fi'om the blowing- 
machines to the furnace, and the fol- 
lowing are the results of this system, 
obtained in the Clyde Iron-Woris. 

During the first six months of the year 
1829, when all the cast-iron in the Clyde 
Iron-Works was made by means of the 
cold blast, a single ton of cast-iron re- 
quired for fuel to reduce it, 8 tons IJ cwt. 
of coal, converted into coke. During 
the first six months of the following year, 
when the air was heated to near 800° 
Fahr., one ton of cast-iron required 5 
tons 8; cwt. of coal, converted into coke. 
The saving amounts to 2 tons 18 cwt. on 
the making of one ton of cast-iron; but 
from that saving comes to be deducted 
the coals used in heating the air, which 
were nearly 8 cwt. The net saving thus 
was 2} tons of coal on a single ton of 
cast-iron. But during that year, 1830, 
the air was heated no higher than 300° 
Fahr. The great success, however, of 
those trials encouraged the iron-masters 
to try the ^ect of a still higher tempe- 
rature. Nor were their expectations 
disappointed. The saving of cool was 


I 

greatly increased, insomuch that, about 
the beginning of 1831,’ Mr. Dixon, of 
Calder Iron -Works, attempted the sub- 
stitution of ra>v coal for coke. The at- 
tempt was entirely successful; and, since 
that period, the raw coal lias been adoi>ted 
in the majority of the Scotch iron-works. 
The temperature of the air under blast 
had now been raised so as to melt lead, 
and sometimes zinc, and therefore was 
above 600° Fahr., instead of being only 
800°, as in the year 1830. It became, in 
consequence, so much elevated in tem- 
perature as to reqiure the adoption of an 
old* invention cMled the waicr^tweer, 
which consists in surrounding the tuyere 
with water. The water is kept continu- 
ally clianging as it heats, by means of 
one pipe to admit the water cold, and an- 
other to let it escape when heated. 

During the first six niontlis of the year 
1883, when all these changes had been 
fully brought into operation, one ton of 
cdNt-iron was mode by means of 2 tons 
5^ cwt. of coal, (not previously converted 
into coke.) Adding to this, 8 cwt. of 
coal for heating, we have 2 tons cwt. 
of coal required to make a ton of iron; 
whereas, in 1829, when the cold blast 
was in operation, 8 tons 1 ^ cwt. of coal 
had to be used. This being almost ex- 
actly three times as much, we have, from 
the change of the cold bl^t to the hot, 
combined with the use of coal instead of 
coke, three times as much iron made from 
any given weight qf splint coal. The effi- 
cacy of a given quantity of air, in the 
production of iron, is also greatly in- 
creased, and the requisite proportion of 
flux diminished. 
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ul its proper place without undergoing any material decomposition. When 
the blast enters too rapidly, and in too concentrated a state, it renders the 
line of its passage, before it is reflected, so cool, that the descending slag 
w'liich comes within its influence is suddenly solidified, and blown into a 
tube, reaching, perhaps, half-way across the crucible, through which the 
blast continues to rush ; and in consequence of this protection, is conveyed 
with greater precision, and in a less decomposed stale, into the upper 
pjirt of the furnace. If, after this, the compression of the air is somewhat 
diminished, the tube still remains firm, often for days together, and the 
furnace works in the best manner. But, on the other hand, w’hcn too 
loose and soft a blast is admitted, and more especially if it is charged 
with moisture, it is unable to reach the top of the crucible without being 
decomposed, and the reflection which it undergoes from the wall of the 
crucible, weakens and disperses it to such a degree, that the combustion 


which ought to take place within 

In regard to the emse of the above 
results, Dr. Clark observes, tliat it is 
necessary to discriminate between the 
quantity of fuel consumed, and the tem- 
perature produced. For instance, we 
may conceive a stove at the temperature 
of 500°, and lead put into it to melt. 
Then, since tlic melting-point of lead is 
more than 100° higher, it is evident that 
whatever fuel might be consumed in 
keeping tliat stove at 500°, is consumed 
to no pur{)ose. In the manufacture of 
cast-iron likewise, a certain temperature 
is recpiired to work the furnace favour- 
ably, and all the fuel consumed to pro- 
duce any iower degree of temperature, 
is consumed in vain. How the hot blast 
serves to increase the temperature of a 
furnace, will appear on adverting to the 
relative weights of the solid and of the 
gaseous materials made use of in the re- 
duction of iron. As nearly as may be, a 
furnace, as wrought at Clyde Iron-works, 
had two tons of solid materials an hour 
put in at the top, and this supply v^as 
continued for 23 hours a-day ; one half- 
hour every morning, and another every 
evening, being consumed in letting off 
the iron. But the gaseous material — 
the h.ot air — what might be the weight 
of it? This can easily be ascertsiined 
thus : I find, by comparing the quantities 
of air consumed at Clyde Iron^works, 
and at Colder Iron-works, that one fur- 
nace requires of hot air from 2500 to 
3000 cubical feet in a minute. 1 shall 
here assume 2807 cubical feet to be the 
quantity ; a number that I adopt for the 
i^e of simplicity, inasmuch os, calcu- 
lated at an avoirdupois ounce and a 
quarter, which is the weight of a cubical 


the boshes, now occupies the w'holc 

foot of air at 50° Fahr., these feet corre- 
spond precisely with 2 cwt. of air a mi- 
nute, or six tons an hour. Two tons of 
solid material an hour, put in at the top 
of the furnace, can scarce hurtfully affect 
the tenqieratiire of tlio furnace, at least 
in the hottest part of it, which must be 
far down, and where the iron, besides 
being reduced to the state of m^tal, is 
melted, and the shig too produced. 
When the fuel put in at the top is coal, 
I have no doubt that, before it comes to 
this far-down part of the furnace — the 
place of its useful activity — ^the coal lias 
been entirely coked ; so that, in rcgai‘d 
to the fuel, the new process differs from 
the old much more in appearance than 
in essence and reality. But if tw^o tons 
o^ solid material an hour, put in at the 
top, ai’e not likely to affect the tempera- 
tm'c of the hottest part of the furnace, 
can we say the same of six tons of air an 
hour, forced in at the bottom near that 
hottest part? The air supplied is in- 
tended, no doubt, and answers to sup- 
port the combustion ; but tliis benefici^ 
effect is, in the case of the cold blast, 
incidentally counteracted by the cooling 
power of six tons of air an hour, or two 
cwt. a minute, wliich, when forced in at 
the ordinary temperature of the air, can- 
not be conceived otherwise than as a 
prodigious refrigeratory passing through 
the hottest part of the furnace, and re* 
pressing its temperature. The expedient 
of previously heating the blast obviously 
removes tliis refrigeratorj% leaving the 
air to act in promoting combustion, writh- 
out robbing the combustion of any por- 
tion of the heat it produces. (See 1^. 
Clark's paper.) 
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upper pari: of the crucible : in consequence of this, the tube of scorise is 
presently burnt away, the iron, almost as fast as it is melted, is ignited 
and oxidized, the tuyere-hole glows, like the sun, with an intensely vivid 
white light; the scoriae, from being yellowish-white streaked with blue, 
become green, brown, and finally black, nearly the whole of the iron in 
the state of oxide being taken up by it; the blocks of refractory grit- 
stone, with which the lower part of the furnace is lined, are worn into 
great holes, and in the space of a few hours prodigious damage is sus- 
tained. (Aikin*s Dictiofiary^ Art. Iron.) 

Varieties of Iron. An extremely important part of the chemical 
histoiy of iron relates to the varieties of the metal which are found in 
commerce. These are much too numerous to be dwelt upon here ; so that 
we shall limit our observations to the principal of them only, which are 
cast-iron^ wroughi-iron^ and steel. 

CasUiron is essentially a suhearhuret. There are two principal varie- 
ties of it, distinguished by the terms white and gray. White cast4ron 
is very hard and brittle, and, when broken, of a radiated texture. 
Acids act upon it but slowly, and exhibit a texture composed of a con- 
geries of plates, aggregated in various positions. (Daniell, Quarterly 
Journal of Science and Arts^ vol. ii., p. 280.) Gray or mottled-iron is 
softer and less brittle; it may be bored and turned in the lathe. When 
immersed in dilute muriatic acid, it affords a large quantity of black 
insoluble matter, which Mr. Daniell considers as a triple compound of 
carbon, iron, and silicium, and which has some veiy singular properties. 
The texture of the metal resembles bundles of minute needles. This 
variety of iron is occasionally substituted for wrought-iron, from its 
toughness, and comparative purity; it sometimes contains only 3 to 4 
per cent, of foreign matter. Beams, employed in building, and various 
parts of machinery which formerly were exclusively made of wrought-iron, 
are now cast. A curious operation is often performed upon small articles 
made of cast-iron, in order to convert them into malleable iron, which is 
termed decarhonization, and is sometimes practised upon steel ; it consists 
in bedding the articles in powdered oxide of iron {hwmatite is generally 
used), and exposing them to a red-heat ; the carbon is thus abstracted 
from the cast-iron, and it becomes as flexible and malleable as wrought- 
iron. 

Wrought-iron. Cast-iron, after it has been, to a certain extenf,>^;icc/, 
by fusion in a forge, in contact with charcoal, is in this country con- 
verted into wrought-iron by a curious process, called puddling. The 
cast-iron is put into a reverberatory furnace, and when infusion is stirred, 
so that every part may be exposed to the air and flame. After a time 
the mass h^les, emits a blue flame, and gradually grows tough, and 
becomes lesai^ible, and at length pulverulent; the fire is then urged, so 
that the particles again agglutinate at a welding-heat, and are gradually 
wrought up into masses. In that state of intense heat the masses are 
passed successively between rollers, by which a large quantity of extra- 
neous matter is squeezed out, and the iron becomes malleable. The bars, 
into which it is formed, are cut into pieces, placed in parcels in a veiy 
hot reverberatory, and again hammered, or rolled out into bars. They 
are thus rendered more tough, flexible, and malleable, but much less 
fusible, and may be cpnsidered as nearly pure iron. 
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Analysis shows that cast-ircm contains carbon, often sulphur, phos- 
phorus, manganese, and silicium; and it appears probable t^t calcium 
exists in some of the varieties. A specimen of good cast-iron, analyzed 
by Berzelius, afforded ’iron 91.53 — manganese 4.57— carbon 3.90. By 
the processes of puddling and rolling, the principal part of the foreign 
substances are bum d away or squeezed out, and ^us malleability is 
conferred upon the metal by rendering it more pure. A bar of wrought- 
iron, when its texture is examined in the mode pointed out by Mr. 
Daniell, presents a fasciculated appearance, the fibres running in a parallel 
and unbroken course throughout its length. This structure may be well 
seen by tearing a bar of wrought-iron asunder. 

Manufacture of Steel. This extraordinary and valuable substance 
is a compound of iron with a small relative proportion of carbon*, which 
varies in the varieties of steel. Other substances are also occasionally 
present, which apparently modify some of its characters: traces of phos- 
phorus, sulphur, and manganese, are not uncommon. It combines the 
fusibility of cast with the malleability of bar-iron, and when heated and 
suddenly cooled it becomes very kard^ but may again be softened by the 
careful management of heat ; hence its superiority for the manufacture of 
cutting-instmments, and an almost infinite number of useful purposes in 
the arts. If kept for a long time in fusion it loses carbon, and becomes 
pure iron. Its texture, when examined by the action of an acid, is not 
fibrous, but lamellated. 

Iron is converted into steel by a process called cementation^ which 
consists in heating bars of the purest iron in contacc with charcoal: it 
absorbs carbon and increases in weight t, at the same time acquiring a 
blistered surface. This, when drawn down into smaller bars and beaten. 


• The identity of charcoal and diamond 
above adverted to, receives additional 
proof by the conversion of iron into steel 
ivhen that metal is ignited with diamond 
powder. Upon tliis subject some con- 
troversy will be found in the Phil Mag,^ 
vol. V. ; the experimentum crucis is, how- 
ever, due to Mr. Fepys, who availed him- 
self of Mr. Children's Voltaic battery of 
large plates for the production of the 
requisite heat (PW/. Pran^., 1815, p. 371) : 
he bent a wire of pure soft iron so as to 
form an angle in the middle, in which 
part he dmded it longitudinally by a 
fine saw; in the opening so formed he 
placed diamond-powder, securing it in 
its situation by two finer wires, laid above 
and below it, and kept from shifting by 
another suu^ wire, bound firmly and 
closely round them. All the wires were 
of pure soft iron, and the part containing 
the diamond-powder was enveloped by 
thin leaves of talc. Thus arranged, the 
apparatus was placed in the electrical 
circuit, where it was kept red-hot for six 
minutes: on opening the wire the dia- 
mond had disappeared, the interior sur- 


face of the'iron had fused into numerous 
cavities, notwithstanding the very mode- 
rate heat to which it had been exposed, 
and all that part which had been in con- 
tact with the diamond was converted 
into perfect blistered-steel. A portion 
of it being heated red and plunged into 
water, became so hard as to resist tlie 
file and to scratch glass. 

The following table, drawn up by 
Mr. Mushet, shows the quantities of 
charcoal which disappeared during the 
conversion of iron into the diflbrent 
mbearburets efiron known in commerce. 
(PhiL Mag»y xiii.) 

Charcoal 

abforbed. Results. 

jh soft cast-steeL 

luu - - - common cast steel. 

A the some, but harder. 

3 ^ - - - the same : too hard for draw- 

- - - white cast-iron. [ing. 

- - - mottled cast-iron. 

- - - black cast-iron. 

When the carbon amounts to ^ of 
the whole mass, the hardness is at a 
maximum. 
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forms tiUed^sieel; and this broken up, heated, welded, and again drawn 
out into bars, forms shear-steel. English cast-steel is prepared by fusing 
blistered-steel with a flux composed of carbonaceous and vitrifiable ingre - 
dients, casting it into ingots, and afterwards, by gentle heating and cai-eful 
hammering, or rolling, giving it the form of bars. 

WooTZ, OR Indian Steel, which has, by some, been considered as 
superior to any other, for the purpose of making certain edge-tools, 
apparently derives its peculiar excellence from combination with a minute 
portion of aluminum and siliciunu {Quart, Jour, of' Science^ vii., 288.) 
Whether these substances are in the ore, or are furnished by the crucible 
used in making the steel, is not certainly knowm. Wootz, in the state in 
which it is imported, is not fit to make into fine cutlery; it requires a 
second fusion, by which the whole mass is purified and equalized, and 
fitted for forming the finest edge-instruments. 

Case-hardening is an operation performed upon cast or wrought-iron, 
by which it is superficially converted into steel : the article is for this 
purpose either heated to redness in a crucible, or vessel containing charcoal 
pow'der; or sometimes, if small and delicate, is wrapped round with 
leather, and then gradually heated to redness, and kept in that state till 
its surface is duly carbonized. 

Hardening and Tempering Steel. When steel is heated to a 
cherry-red colour, and then plunged into cold water, it becomes so 
extremely hard and brittle, as to be unfit for almost any practical purpose. 
To reduce it from its extreme hardness, is called by the workmen tem- 
perings and is effected by again heating the steel to a certain point. The 
surface being a little brightened, exhibits, when heated, various colours, 
dcp< 2 nding upon the formation of thin films of oxide*, w^hich constantly 
change as the temperature is increased, and by these colours it has been 
customary to judge of the temper of the steel. But a more accurate, as 
well as convenient method, is to use a bath and thermometer; the bath 
may be of mercury, or of the fusible mixture of lead, tin, and bismuth, 
or, indeed, of any fluid whose boiling-point is not much under 600°. 
Into this bath the articles to be tempered are put, together with the bulb 
of a thermometer graduated to near the boiling-point of mercury. The 
corresponding degrees at which the various colours appear are from 430° 
to 600°. The first change is at about 430°, but this is too faint to be 
distinguished, except by comparison with another piece of untempered 
polished steel. At 460° the colour is straWy becoming deeper as the 
temperature is increased; at 500° the colour is brown; this is followed 
by a red tinge with streaks of purplcs then purple^ and at nearly 600° it 
is blue. The degrees at which the respective colours arc produced being 
thus known, it follows that the workman has only to heat the bath, with 
its contents, up to the required point. For example, suppose the blade 
of a penknife (or one hundred of them) to require tempering: they are 
suffered to remain in the bath until the mercury in the thermometer rises 
to 460°, and no longer, that being the heat at which the knife (supposing 

* That the colour produced on the suffered to cool under mercury or oil, 
surface of heated steel is the effect of of the colours appear ; nor do 

oxidation, is proved from the circum- they when it is heated in hydrogen or 
stance tlmt when steel is heated and nitrogen. 
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it to be made of the best English cast-steel) will be sufficiently tempered. 
The advantages attending .this method ore obvious: the heat is equally 
applied to the whole; and th(^ workman, instead of attending to the 
colour of each blade, has only to observe the thermometer. 

Some recent experiments, proving that steel, for certain uses, is 
sufficiently tempered long before it is heated to produce any change of 
colour, promise to give additional value to this process by a thermometc’*. 
The knife-edges attached to the pendulum described by Capt. Kater, 
(PAiV. Trans. ^ 1818, p. 38,) were forged by Mr. Stodart, from a piece of 
fine wootz. They were carefully hardened, and tempered in the bath at 
430°; on trial they were found too soft. They were a second time 
htirdened, and then heated to 212®. The intention was to increase the 
heat from that point, trying the temper at the advance of about every ten 
degrees. In the present instance this was not necessary, the heat of 
boiling water proving to be the exact point at which the knife-edges were 
admirably tempered. It is highly probable that steel, for many uses, 
may be sufficiently tempered in a range so extensive as from 212° to 430°, 
and, by the thermometer, all the intervening degrees may be certainly 
ascertained. 

The quality of steel is sometimes tested by washing over its clean 
surface with dilute nitric acid, which ought to produce an uniform gray 
or blackish colour; if the steel is imperfect, and contains veins or pins of 
iron, they become evident by their diffeienco of colour. When some par- 
ticular kinds of iron or steel are thus tested, a mottled appearance is 
produced, as if it Mere composed of layers or wires of iron and steel 
welded together: hence is supposed to arise the peculiar character of the 
celebrated Damascus sw^ord-blades. 

Alloys of ^ieel. Attempts have been made to improve the quality 
of steel by alloying it wdth some other metals, but none of these combi- 
nations have been found, after due experience, to be superior to the best 
ordinary steel. We shall again have occasion to notice them ; but for 
details upon this subject, the reader is referred to the papers of Messrs. 
Stodart and Faraday, already quoted {Quart. Jour.^ ix., 319), and to the 
volume of Dr. Lardner's C^yclopcedia^ treating on iron and steel. 

§ X. ZINC. 

Zinc is found in the state of oxide and of sulphuret. The metal zinc is 
first mentioned by Paracelsus, but the use of its ores, in converting copper 
into brass, was probably known to the ancients. Perfectly-pure zinc 
is very difficultly obtained; it may be procured in a state approaching to 
extreme purity, by dissolving the purest kinds of zinc that occur in com- 
merce in dilute sulphuric acid, and immersing a plate of zinc for some 
hours in the solution, which is then filtered, decomposed by carbonate of 
potassa, and the precipitate, after having been well edulcorated, heated 
with charcoal in an iron or earthen retort in a proper furnace. The zinc 
being volatile at a white-heat may thus be distilled over into water, care 
being taken that the neck of the retort is short and wide, otherwise it 
will be stopped up by the condensed metal. The common zinc of com- 
merce gcnerdly contains a portion of lead, copper, iron, traces of arsenic 
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and manganese, and a little plumbago: these impurities chiefly remain 
in the form of a black powder when it is dissolved in dilute sulphuric 
acid. 

Zinc is a blueish-white metal, with considerable lustre, of a specific 
gravity of about 6.8 in its usual state; but, when drawn into wire, or 
rolled into plates, its density is augmented to 7 or 7*2. In its ordinary 
state, at common temperatures, zinc is tough, and with difficulty broken 
by blows of the hammer. It becomes very brittle when its temperature 
approaches that of fusion, which is about 773^; but at a temperature a 
little above 212^. and between that and 300^, it becomes ductile and 
malleable, and maybe rolled into thin leaves, and drawn into moderately 
fine wire, which, however, possesses but little tenacity. When a mass of 
zinc, which has been fused, is slowly cooled, its fracture exhibits a 
lamellar and crystalline texture. Tlie equivalent of zinc is 32. (32.2 
Omelin; 32.3 Turner.) 

When a surface of clean zinc is exposed to air and moisture at 
common temperatures, it soon tarnishes, and acquires a dull-gray colour 
from superficial oxidizement: it then remains for a long time unchanged. 
It has lately, in consequence of its lightness and cheapness, been much 
used for roofing, gutters, and chimney-tops: but it should not, as is gene- 
rally the case, be rivetted with copper nails, the contact of which with the 
zinc will probably accelerate the decay of the latter by electric action. 

Zinc and Oxygen. The high attraction which subsists between zinc 
and oxygen, is shown by the facility with which nearly all the other 
metallic oxides, when in solution, are reduced to the metallic state by its 
means. Its important electro-generative power, in the Voltaic apparatus, 
is also referable to this cause. When-zinc filings arc put into water, and 
air carefully excluded, they suifer little change; but if air be admitted, 
hydrogen is gradually evolved, and the metal becomes incrusted ^vith a 
gray powder. The same product is obtained by long exposure of zinc to 
moist air, or by exposing the metal to the joint action of heat and air at 
a temperature just sufficient to fuse it. Tliis is probably a mere mixture 
of metallic zinc and oxide of zinc; by some it is regarded as a true suh- 
oxtdey and a similar compound is obtained, according to Dulong, by 
decomposing oxalate of zinc at a red-heat in a retort. 

Protoxide of Zinc. {ZU+O) or Zn. This is the only salifiable 
oxide of zinc : it is obtained by intensely heating the metal exposed to 
air. At a high red-heat it takes fire, and air being freely admitted, bums 
with a very bright flame, and is converted into a white flocculent tasteless 
substance, formerly called nihil alburn^ philosopher's rvool^ and flowers of 
zinc. As prepared by combustion it contains small particles of the metal, 
which always render it gritty, and require to be separated by washing ; 
hence, for pharmaceutical use, it is best prepared by precipitating solution 
of sulphate of zinc by ammonia, and washing and drying the precipitate. 
It has been used as a pigment, both with oil and water ; and is employed 
in medicine as a tonic, and as an external application. It is sometimes 
made upon a large scale, and is then seldom pure, being tainted by oxide 
of iron and other substances: the whiter parts of such oxide used to be 
called pompholixy and the gray, or less pure portions, iutly. If it be 
remov^ in large flakes from the crucible in which it is forming, and 
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carried into a dark room, they continue for some time luminous. This 
oxide, when pure, is perfectly white ; at a high temperature it acquires a 
tint of yellow, hut again whitens as it cools. It is readily soluble in the 
acids; it also dissolves in the caustic fixed alkalis, and in pure and 
carbonated ammonia. The strong ammoniacal solution becomes turbid 
when diluted, and deposits its oxide when boiled. The solutions in 
potassa and soda yield a white deliquescent mass on evaporation : these, 
however, can scarcely be called chemical combinations. When a solution 
of alumina in caustic potassa is mixed with an ammoniacal solution of 
oxide of zinc, a definite combination of the earth and oxide is thrown 
down, containing, according to Berzelius, 6 proportionals of alumina and 
1 of oxide of zinc, and being identical in composition with the mineral 
called Gahnile. The solutions of zinc decomposed by the alkalis furnish 
bulky white precipitates, consisting of hydrated oxide; this loses 
water at a red-heat, and is then of the same composition as the oxide 
obtained by the rapid combustion of the metal. Thcnard has described 
a peroxide of zinc obtained by agitating the hydrated oxide with oxy- 
genated water : at all events this is no permanent compound, and certainly 
fbrms no distinct salts with the acids; we may, therefore, reject the 
suboxide and the peroxide of zinc, as indefinite compounds, and consider 
this metal as subceptible of one degree of oxidizement only, forming the 
protoxide, composed of 
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1 . . 
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Oxygen . . 
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Chloride op Zinc (071 +C) is formed by heating leaf-zinc in chlorine, 
or by evaporating a solution of zinc in muriatic acid to dryness, and 
heating the residue red-hot in a glass tube. It is also obtained by distill- 
ing a mixture of zinc-filings and corrosive sublimate, or a mixture of 
dried sulphate of zinc and chloride of sodium. It is a white semitranspa- 
rent substance, fusible at about 212°, and volatile at a red-heat. It was 
formerly called butter of zinc. It is readily soluble in water, and the 
solution gives on evaporation a very difficultly crystallizable and extremely 
deliquescent salt, generally called muriate of zinc^ and which, when heated 
in the open air, partly sublimes in the form of chloride, and is partly 
resolved into muriatic acid and oxide of zinc in consequence of the 
presence of water. Its concentrated solution deposits oxide of zinc upon 
the addition of water, and the diluted solution dissolves the oxide when 
concentrated by evaporation. The solution of muriate of zinc is always 
slightly acid, and the addition of ammonia does not render it neutral till 
all the oxide is precipitated. The attraction of zinc for chlorine is so 
great, that it is often employed for separating chlorine from other combi- 
nations. 

Chloride of zinc consists of 
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Chlorate op Zinc (Zn+CO crystallizes in octoeclra, and is a very 
soluble salt. It is best obtained by dissolving carbonate of zinc in chloric 
acid. When metallic zinc is digested in chloric acid, a portion of chlo- 
ride of zinc is formed. 

Iodide op Zinc. {ZTl + Z) Iodine and zinc readily combine, and 
produce a fusible, volatile, and crystalline compound, which, when 
exposed to air, deliquesces into hydriodate of zinc. Heated in contact of 
air, it is resolved into ipiline and oxide of zinc. It consists of 

Uay Liimnc. 

Zinc . 1 . . 32 . . 20.4 . . 20.48 

Iodine . I . . 125 . . 70.G . . 70.62 

1 157 100.0 100.00 

JoDATE OF Zinc. When iodate of potassa is added to solution of 
sulphate of zinc, it forms a very difficultly-soluble iodate of zinc. 

Bromide op Zinc. The action of bromine and of bromic acid upon 
zinc has not been particularly examined. 

Fluoride of Zinc is very diflicultly soluble : wdth fluoride of potas- 
sium it forms a more soluble triple salt. 

Nitrate of Zinc is a deliquescent salt, which crystallizes with 
difliculty in four-sided prisms. They are copiously soluble in -water and 
alcohol, and consist of one proportional of acid, one of oxide, and six of 
water. 

SuLPnuRET OF Zinc (ZU+S) exists native under the name of 
Blende. It may be formed artificially by heating oxide of zinc with 
excess of sulphur, and is then of a yellow-brown colour. It is also pro- 
duced by heating rapidly and suddenly a mixture of zinc-filings and sul- 
jphurct of mercury: the mercury is revived, and intense action ensues 
during the union of the zinc and sulphur. By passing the vapour of 
sulphur over fused zinc, Mr. E. Davy obtained a white crystalline sub- 
stance resembling native phosphorescent blende. Sulphuret of zinc 
consists of 


Zinc . . 
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32 

66.5 

ArfwotliiDn. 

66.34 

Sulphur . 

1 

. . 
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iOO.O 

100.00 


When a salt of zinc is precipitated by hydrosulphurct of potassa, a 
white compound is obtained, composed, according to Berzelius, of 72 oxide 
of zinc, 25 sulphuretted hydrogen, 3 water. 

Native Sulphuret of Zinc. Blende is a brittle soft mineral, of differ- 
ent shades of brovm and black. Its primitive form is the rhomboidal 
dodecaedron. It usually contains traces of iron and lead. It is an abun- 
dant mineral, and important as a source of the pure metal, which is 
obtained by roasting the ore, and afterwards exposing it to heat in proper 
distillatory vessels, mixed with charcoal. The English miners call it 
blackjack. 

Hyposulphite op Zinc (Zx+I) was obtained long ago by Fourcroy, 
who considered it as a sulphuretted sulphite. He formed«it by digesting 
metallic zinc in sulphurous acid, sulphuretted hydrogen is disengaged, 
and by gentle evaporation ciystals are obtained, which are to be digested 
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in alcohol; this liquid dissolves the hyposulphite, and affords it in pris- 
matic crystals. A mixture of oxide of zmc and sulphur treated by sul- 
phurous acid, affords the same salt ; it is efflorescent, and easily de- 
composed by heat. (Fourcroy, Systcme des Connoissances Chimiques^ 
V. 380.) 

^Sulphite op Zinc (Zn+S) is easily formed by dissolving ^he oxide 
in sulphurous acid; it is more easily crystallizable than the hyposulphite, 
and is insoluble in alcohol. 

Hyposulphate of Zinc (ZN + S')‘is obtained by adding a solution of 
hyposulphate of baryta to sulphate of zinc; it is very soluble, and 
difflcultly crystallizable. The crystals are composed of 

HueriMi. 
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Sulphate op Zinc. (Zn + S^) Zinc is readily oxidized and dissolved 
by dilute suljdiuric acid ; hydrogen gas holding a little zinc in solution 
is given off, and^ a transparent colourless solution of sulphate of zmc 
results, which, by evaporation, affords crystals in the form of four-sided 
prisms, terminated by four-sided pyramids. Tliey have been described 
by Mr. Brooke (^Ann, of PhiL, N. vi., 437). It effloresces slightly in 
a dry air. It is soluble in 2.5 parts of water at 60°. It is prepared for 
the purposes of the arts from the native sulphuret, and is usually in the 
form of a white amorphous mass, called white vitriol^ and is extremely 
impure. When heated, it fuses, and gradually gives out its water of 
crystallization ; at a red-heat its acid begins to pass off, and at a very 
high temperature it is entirely decomposed, leaving oxide of zinc. It 
consists, in its anhydrous state, of 
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The crystals are constituted of 
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Tbis-sulphate of Zinc. (sZn+S^). When oxide of zinc is boiled 
in a solution of sulphate of zinc, or when the salt is partially decom- 
posed by potassa, and the precipitate which falls boiled in water, a salt is 
formed which crystallizes in opaque shining scales, composed according 
to Vogel, of 3 atoms of oxide of zinc and 1 of sulphuric acid. 

Ammonio-sulphate of Zinc is obtained, according to Thomson, by 
mixing solutions of the two constituent salts in atomic proportions, 
and concentrating the solution. It crystallizes in white rhomboids, 
which readily dissolve in water, and consist of 1 equivalent of each of 
the sulphates, and 7 of water. 

Sulphate op Zinc and Potassa forms flat rhomboidal crystals, per^ 
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moaent in the air, and soluble in 5 parts of water at 60^. (H. Stokes, » 
Phil Mag.y 3nd series, ii., 428.) They consist of 1 equivalent of each 
of the sulphates and 7 of water. 

Native Sulphate of Zinc occurs at Holywell in Flintshire, and in 
other places where the sulphuret of zinc is found ; it is probably the result 
of the decomposition of that ore, and is often found in the waters of the 
mines. 

PiiosPHURET OP Zinc is a brilliant lead- coloured compound, formed 
by distilling in a coated retort a mixture of two parts of zinc, and one 
of phosphorus. 

Neither Hypophosphite nor Phosphite of Zinc have been examined. 

Phosphate of Zinc is not crystallizable. It may be obtained by 
dissolving zinc in phosphoric acid, and evaporating to dryness. A phos- 
phate of zinc is also precipitated upon the addition of phosphate of soda 
to sulphate of zinc. These salts have not been precisely examined, but 
it is probable there is a subphosphate^ a phosphate^ and a biphosphate of 
zinc. 

Carbonate of Zinc (Zs+CCLTf) may be formed by passing carbonic 
acid through water containing diffused hydrated oxide of zinc. The 
precipitate formed by adding carbonate of potassa to sulphate of zinc, is, 
according to Berzelius, a mixture of carbonate and hydrated oxide, 
analogous to the magnesia alba. Some of the varieties of calamine 
appear to consist of anhydrous carbonate of zinc. Specimens from 
^mersetshire and Derbyshire yielded 
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Another variety of calamine, from Bleiberg, in Carinthia, is probably 
hydrous subcarbonate, consisting of 

Smithioii. 
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Native Carbonate of Zinc; Calamine. This mineral oedurs both 
crystallized and massive; its primitive form is an obtuse rhomboid. It 
is often found investing carbonate of lime, which has sometimes been 
decomposed, and the calamine remains in pseudo-crystals. It abounds 
in Somersetshire, Flintshire, and Derbyshire. A beautiful variety, 
coloured by carbonate of copper, is found at Matlock. A variety of 
calamine, Imown by the name of electric calamine^ from its property of 
becoming electrical when gently heated, consists of oxide of zinc in 
combination with silica. 

Reduction of the Ores op Zinc. The zinc of commerce is pro- 
cured from the native sulphuret, and from calamine, by the following 
process. The ore is first picked and broken into small pieces, and then 
submitted to a dull red-heat in a reverberatory furnace, by IvBich 
caibonic acid is driven off from the calamine, and sulphur ‘from the 
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blende. It is then washed, ground, and thoroughly mixed with about 
oiic-eighth its weight of powdered charcoal. This mixture is put 
into large earthen pots^ not unlike oil-jars, six of which are usudly 
placed in a circular famace ; each pot has an iron tube passing from its 
lower part, through the floor of the furnace, and dipping into water ; 
they are everywhere else firmly luted : upon the application of a red- 
heat, the metal distils through the tube into the water beneath, whence 
it is collected, melted, and cast into cakes. 

BoRATn or Zinc is an insoluble white powder. 

CvANURET OF ZiNc forins an insoluble white powder, when solution 
of cyanuret of calcium is added to sulphate of zinc. By destructive dis- 
tillation in a retort, it leaves a black carburet of zinc, 

Ferrocyanuret op Zinc is thrown down in the form of a white" 
gelatinous precipitate, when ferrocyanuret of potassium is dropped into 
solution of sulphate of zinc. 

ZiNCOCYANURET OF PoTAssiuM, When cyanuTct of zinc is dissolved 
in a solution of cyanuret of potassium, filtered, and evaporated, large 
octoedral crystals are- obtained, anhydrous, decrepitating when heated, 
and then fusing into a transparent colourless liquid. (L. Gmelin.) 

Alloys of Zinc. With potassium and sodhim^ zinc forms bnttle 
alloys, decomposable by exposure to air and water. Its alloy with man- 
ganese is unknown. With iron it forms a white and somewhat malleable 
alloy, which is difficult to form ; but if plates of hot-iron be dipped into 
melted zinc, they acquire the appearance of tin-plate. 

Characters op the* Salts or Zinc. They are mostly soluble in 
uater, and the solutions are colourless and transparent^ and have a 
peculiarly unpleasant metallic taste: they are not precipitated by 
hydriodic acid. Potassa, soda, and ammonia, form white precipitates, 
soluble in excess of the alkali, and in dilute sulphuric acid. Sulphuretted 
hydrogen throws doum a white sulphurct of zinc in perfectly neutral 
solutions, but not in those which arc acid or alkaline, Hydrosulphuret 
of amiQpnia produces a yellonvish-white precipitate. The soluble phos- 
phates, c<irbonates, and borates, produce white precipitates soluble in acids 
and alkalis. Infusion of galls occasions no precipitate. The salts wliich 
are insoluble in water dissolve in dilute sulphuric acid, and are precipitated 
by ammonia, but generally dissolve in excess of acid or of precipitant. 
Hydrosulphuret of ammonia precipitates the oxide of zinc. Metallic zinc 
is not thrown down from its solutions, by any of the other metals. 

Before the blowpipe oxide of zinc becomes yellow when heated, 
but whitens as it cools. A small proportion forms with microcosmio salt 
and with borax a clear glass, which becomes opaque on increasing the 
quantity of oxide. A drop of nitrate of cobalt being added to the oxide, 
and dried and ignited, it becomes green. With soda, in the interior flame 
it is reduced, and bums with its characteristic flame, depositing its omde 
upon the charcoal. By this process zinc may be easily detect^ even in 
the automaliie. Mixed with oxide of copper, and reduced, the zinc will 
be fixed, and brass obtained. But one of the most unequivocal cha- 
racters of the oxide of zinc is, to dissolve it in vinegar, evaporate the 
solution to diyness, and expose it to the flame of a lamp, when it bums 
with its peculiai* flame. 

2 X 
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§ XL TIN. 

Tin (Jupiter ¥ of the alchemists) has been known from the remotest 
ages. It was in common use in the time of Moses, and was obtained at 
a very early period from Spain and Britain by the Phoenicians. (Pltny, 
lib. iv., cap. 34, and xxxir., cap. 47.) It occurs most, abundantly in 
Cornwall ; and is also found in Germany, Bohemia, and Hungary, in 
Europe ; in Chili and Mexico ; in the Peninsula of Malacca ; and in the 
Island of Banca. A little tin has also been found at Fahlun and Uto, 
in Sweden. Several varieties of tin occur in commerce, respecting which 
Vauquelin has given an useful essay. {Annales de Chimie^ Ixxvii.) 
The native oxide is the principal ore of tin : the metal is obtained by 
heating it to redness wdth charcoal and a little lime. The common ores 
are known under the name of mine-tin^ and furnish a less pure metal 
than that obtained from stream-tin. The former is usually called block- 
tin^ the latter grain-tin. The processes of reduction are described at 
length in Aikin*s Dictionary (Art. Tin); and by Mr. Taylor in the 5tli 
volume of the Geological Transactions. 

Tin has a silvery- white colour; it is malleable, though sparingly 
ductile. Specific gravity from 7-28 to 7*6, the lightest being the purest 
metal. When bent it occasions a peculiar crackling noise, arising from 
the destruction of cohesion among its particles, and hence the brittleness 
and want of tenacity of tin-wire. When rubbed it exhales a peculiar 
smell. It melts at 442% and, by exposure to heat and air, is gradually 
converted into a white oxide. Pljiccd upon ignited charcoal, under a 
current of oxygen gas, it enters into rapid combustion, forming the per- 
oxide ; and if an intensely-heated globule of the metal be thrown upon a 
sheet of paper, it subdivides into small particles, which burn very bril- 
liantly. It volatilises at a very- high temperature : w^hen heated, its 
surface often becomes yellow and iridescent, in consequence of supcificial 
oxidizement. The equivalent of tin is 58. (59, Gmelin ; 57.9, Turner.) 

A preparation, under the name of pmvdered tin^ is sometimes directed 
to be made for pharmaceutical use, by shaking the melted metal in a 
wooden box rubbed with chalk on the inside : tinflings have also a 
place in some Pharmacopadee^ .and have been used as a vermifuge. 
These preparations are, however, both dangerous, the mchil being rendered 
poisonous in the former case by slight oxidation, (Orfila, Traite des 
Poisons^ tom. i., 2me partie, p. 18,) and often creating very dangerous 
irritation when given in filings. 

Protoxide of Tin {Std 0) is obtained by precipitating a solution 
of protochloride of tin by ammonia ; it falls- in the state of hydrate; when 
dried, out of the contact of air, it is of a gra^ colour, and undecomposable 
by heat. According to M. Cassola {Ann. de Chim. et Phys.y xiii., 40,) the 
protoxide is also obtained by pouring nitric acid diluted with ten times 
its volume of water upon tin filings, and leaving them in contact 48 hours. 
When protochloride of tin is decomposed by a carbonated alkali, and the 
precipitate carefully dried at a temperature below 212% it is also a 
hydrated protoxide^ retaining no trace of carbonic acid. The anhydrous 
protoxide is best obtained by heating the hydrate to redness, passing 
a current of dry carbonic acid over it till the water is carried off, and 
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suffering it to cool out of the contact of air. The specific gravity of this 
oxide is 6.6. It burrs, oi\ the contact of a red-hot wire, into peroxide. 
In the hydrated state it dissolves very readily in sulphuric, muriatic, and 
dilute nitric acids, and in caustic potassa and soda, but not in ammonia, 
nor in the alkaline carbonates. Its alkaline solution, when long kept, 
deposits metallic tin in arborescent crystals, and becomes a solution of 
the peroxide. Protoxide of tin consists of 

Berzelius. Prousf. Gay Lussne. 

Tin .1 . . 58 ‘ . 87.8 . . 88.028 . . 87 . . 88.1 

Oxygen 1 .. 8 .. 12.2 .. 11.972. .. 13 .. 11.9 

1 60 100.0 100.000 100 lOO.O 

Sesquioxide of Tin. (Std + HO-) When a saturated solution of 
peroxide of tin in muriatic acid is mixed with moist hydrated peroxide 
of iron, an interchange of elements takes place, by which chloride of iron 
and sesquioxidc of tin are formed : its solubility in ammonia distinguishes 
it from protoxide ; and its giving a purple precipitate ^vith perchloridc of 
gold, from peroxide. 

Peroxide of Tin (Sfd + so) is formed by treating the metal with 
strong nitric acid : there is a violent action attended by the formation 
of nitrate of ammonia. Scarcely any of the metal is dissolved, but it 
remains as a yellowish powder, which may be purified by washing, and 
dried at a dull red-heat. It is also formed by projecting a sufficient 
quantity of nitre upon red-hot tin. Fused with glass, it forms wAite 
enamel ; but alone, it is extremely infusible, and when it has been heated 
it is insoluble in acids. The substance called Tin Putty^ is a peroxide 
of tin, formed by levigating the crusts of oxide that form upon the metal 
when kept for some time in fusion. 

Hydrated Peroxide of Tin, formed by decomposing the solution of 
perchloridc of tin by ammonia, is a bulky white precipitate, which, when 
dried at 212°, retains between 19 and 20 per cent, of water. In its 
moist state it dissolves in the acids, and in excess of ammonia and potash. 
When the white powder, obtained by the action of nitric acid on tin, is 
thoroughly edulcorated, it retains about 10 per cent, of water when dried 
in the air. The solutions of peroxide of tin in the acids are liable to 
spontaneous deposition of hydrated peroxide. As this oxide reddens 
litmus, and combines with bases, it has been termed Stannic acid. Per- 
oxide of tin consists of 
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Native Peroxide of Tin is found in Cornwall, in Spain, and in 
Saxony; it has also been found in Brittany in France, in the East Indies, 
and in South America. The specific gravity of the native oxide is 7 : its 
primitive crystal is an obtuse octoedron, of which the modifications are 
extremely numerous. (W. Phillips, Geological Transactions^ vol. ii.) 
In some of the valleys of Cornwall, tin is found in rounded n^ules,^ of 
various sizes, mixed with pebbles and rounded fragments of rocks. To 

2x2 
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separate the tin from the alluvial matter, currents of water are passed 
over it, and hence these deposits have been called stream^works^ and the 
tin ore, stream-iin. One of the most extensive of these is a branch of 
Falmouth Harbour. A modification of stream-tin is called wood tin. It 
usuallj appears in small banded fragments of globular masses. 

pROTOCHLORiDE OF TiN {St(l-\‘C) is procured by heating together an 
amalgam of tin and calomel ; or more simply, by dissolving tin filings in 
muriatic acid, evaporating to dryness out of contact of air, and heating 
the residue till it fuses : it is a gray semi-transparent crystalline solid, 
fusible below redness, and volatile at a red-heat. Heated in chlorine it 
burns into perchloride of tin. When the concentrated muriatic solution 
of tin is cautiously evaporated, it yields crystals of hydrated protochloride 
of tin^ containing three equivalents of water. When these crystals are 
Iffcated, muriatic acid gas and water are evolved, and a compoimd of 
protoxide and protochloride remains. The crystals arc also decomposed 
by the afiusion of water, which retains muriatic acid and protochloride of 
tin in solution, and leaves a precipitate composed of 1 equivalent of 
protoxide, 1 of protochloride, and 2 of water, (Berzelius.) Protochloride 
of tin consists of 

J Dd\>. 

Tin ... 1 . . 58 61.7 . . 62.22 

Chlorine .1 . . 36 . . .38 3 37.76 

1 94 100.0 100.00 

Perchloride of Tin. (JStd -I- 2 C.) If tin be heated in excess of 
chlorine, or if amalgam of tin be distilled with corrosive sublimate, a 
perchloride is obtained. The best proportions are six parts of tin, pre- 
viously combined with one of mercury, and intimately mixed with thirty 
of corrosive sublimate. The mixture is put into a glass retort with a 
sufficiently capacious receiver luted to it, and may be distilled over a 
small charcoal fire. The heat should be slowly raised, to prevent too 
sudden action. Towards the end of the process a little of the proto- 
chloride rises, which the old chemists, from its consistency and appear- 
ance, called Butter o/* Tin, Perchloride of tin may also be procured by 
distilling 8 ounces of finely-powdered tin with 24 of corrosi\ e sublimate. 
It is a transparent colourless fluid, formerly called Lihaviuss Fuming 
Liquor: it exhales copious fumes when exposed to a moist air, and pro- 
duces muriatic acid and oxide of tin. With one-third its weight of 
water it forms a crystallized hydrate. Its boiling-point is 250^; and, 
according to Dumas, the density of its vapour is 9.19. It is instantly 
decomposed by metallic zinc, forming chloride of zinc and a precipitate 
of metallic tin. It consists of 
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Protomuriate of Tin, used by dyers, may be obtained by boiling 
one part of tin with two of muriatic acid ; a small portion of insoluble 
black powder generally remains, together with some undissolved tin. 
This solution, which is always acid, quickly absorbs oxygen from the air 
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and from several compounds, and if added to certain metallic solutions, 
revives or deoxidizes them. It decomposes and precipitates sulphur from 
sulphurous acid. With a very weak solution of corrosive sublimate it 
forms a grey precipitate of metallic mercury. Added to a very dilute 
solution of chloride of platinum it changes its colour to a deep blood-red. 
With solution of gold it produces a purple precipitate used in painting 
porcelain, and known under the name of Purple Cassius. It crystal- 
lizes from its concentrated solution in prismatic and acicular deliques 
cent crystals. With infusion of cochineal it produces a purple preci- 
pitate ; and it is much used to hx and change colours in the art of 
dyeing and calico-printing. The greater number of vegetable infusions 
are precipitated by it, in consequence of the insoluble compounds which 
it forms with the varieties of extractive matter. This muriate of tin is 
the Sal Jovts of old writers. (On the preparation of Muriate of Tin, see 
Berard, Ann dc Chim.^ Ixviii., 7B; and Cfeudet, Ann. de Chim. et Phys.^ 
iii., 376.) 

Permuriate or Oxymuriate op Tin may be formed by cautiously 
dissolving the metal in a nitro-muriatic acid, composed of 2 measures of 
muriatic acid, 1 of nitric acid, and 1 of wjiter ; or by exposing the pruto- 
muriate to a gentle heat with a small addition of nitric acid. It forms 
acicular crystals in the upper parts of phials, containing the bichloride 
imperfectly secured from air ; and is directly formed by adding water to 
the bichloride, which excites much heat, and forms a concrete. mass 
easily fusible and soluble in water. The dyers often prepare this solution 
by digesting tin-filings in single aquafortis, (nitric acid, sp. gr. 1.3,) to 
each pound of which, they add about two ounces of common salt or of 
sal-ammoniac. This compound acid takes up about one-eighth its weight 
of tin. 

Iodide of Tin may be formed directly by heating the 

metal with iodine ; or indirectly, by adding hydriodic acid to a solution 
of protochloridc of tin. It is an omnge-coloured fusible compound, 
volatile at a high heat, and soluble in water. 

loDATE OF Tin has not been examined. 

Periodide of Tin is prepared by dissolving in hydriodic acid the 
hydrate of the peroxide precipitated by alkalis from the bichloride. It 
crystallizes in yellow crystals of a silky lustre, which are resolved by 
boiling water into hydriodic acid and peroxide of tin. (Turner.) 

Protobromide of Tin (Sto+A) is formed by dissolving tin in hydro- 
bromic acid and evaporating to dryness. 

Perbromide op Tin. (Sto+a^.) Metallic tin and bromine act 
energetically on each other : the metal burns, and a white crystallized 
compound is obtained, readily fusible and volatile, yielding slight vapours 
in moist air, and dissolving in water. Brwnate of Tin has not been 
examined. 

Fluoride of Tin is a soluble and crystallizable compound. 

Nitrate of Tin may be formed by acting upon the metal by dilute 
nitric acid, or by dissolving the hydrated protoxide in dilute nitric acid ; 
a yellow solution, which will not crystallize, is obtained; exposed to air 
it absorbs oxygen, and peroxide of tin precipitates. If evaporated, the 
peroxide falls, and a portion of nitrate of ammonia is formed. It is 
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evident, therefore, that part of the water, as well as of the acid, are 
here decomposed ; and that the salt is not permanent. 

PnoTosuLPHURET OF TiN. (StCL+S.) Tliis compound may be pro- 
cured by heating tin with sulphur; in consequence, however, of the 
high temperature required for its formation, so much of the sulphur is 
generally lost, that a mixture of the metal and of the sulphuret is only 
at first obtained. This mixture may be pulverized, and heated in a 
retort with its weight of sulphur, in which case the perfect protosul- 
phuret is the result. A protosulphuret of tin is also precipitated, when 
the salts of the protoxide are mixed with solution of sulphuretted 
hydrogen. Obtained by the first process, it is a brittle blackish compound 
of a laminated texture, heavier than tin, fusible at a red-heat, and 
occasionally forming acicular crystals ; it dissolves in muriatic ac^d with 
the evolution of sulphuretted hydrogen. It consists of 

J. Davy. Bergman. 

Tin ... 1 . . 58 . . 78.4 . . 78.6 . . 80 

Sulphur . . 1 . . 16 . . 21.6 . . 21.4 . . 20 

1 74 100.0 100.0 100 

Sesquisulphuret of Tin. + Berzelius obtained this 

compound by heating the finely-powdered protosulpuret with one-third 
its weight of sulphur to dull-redness : it is of a yellowish-gray colour, 
metallic lustre, and when digested in muriatic acid gives out some 
sulphuretted hydrogen, and leaves a yellow residue of bisulphuret. 
Gmelin regards this as a mixture of the protosulphuret and persulphuret. 

Bisulphuret of Tin. (St(l + 2 S,) It is formed by heating peroxide 
of tin with its weight of sulphur. Mr. Woulfe has given formulse 
for its production {Phil. Trans. 1771); but the following, taken from 
the London New Dispensatory of answers best. Take 12 oz. of 

tin and amalgamate it with 6 oz of mercury, reduce it to powder, and 
mix it with 7 oz. of flowers of sulphur and 6 oz. of sal ammoniac, and 
put the whole into a glass matrass placed in a sand heat. Apply a 
gentle heat till the white fumes abate, then raise the heat to redness, and 
keep it so for a due time. On cooling and breaking the matrass, the 
bisulphuret of tin is found at the bottom. (See Woulfe s Paper ^ and 
Aikin’s Diet. — art. Tin.) According to Berzelius, the use of the 
mercury is to facilitate the fusion of the tin and its combination with the 
sulphur, while the sal-ammoniac prevents such increase of temperature 
as would reduce the tin to the state of protosulphuret. Hence bisul- 
phuret of tin is also formed when a mixture of sulphur, sal ammoniac, 
and protosulphuret of tin is heated. Bisulphuret of tin is also formed 
by decomposing perchloride of tin by sulphuretted hydrogen. The 
extraordinary golden colour and flaky texture of this substance rendered 
it an object of great interest to the alchemists : it was termed aurum 
musivum^ or mosaic gold. When well made it is in very soft golden 
flakes, very friable, and adhering to the fingers. It is insoluble in the 
acids, except in nitro-muriatic acid: it is soluble in caustic potassa, 
but not without partial decomposition. This curious compound is much 
used for ornamental work, under the name of hronze^powder^ especially 
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by the manufacturers of paper-hangings: it is chiefly imported from 
Germany. It consists of 





* * 

J. Davy. 

Beraelius. 

Tin . . . 

. 1 . *. 

58 . 

. 64.4 

. \ 63.6 

. . 65 

Sulphur . . 

. 2 . . 

32 . 

35.6 

. . 3a4 

. . 35 


1 

90 

100.0 

100^0 

100 


Hyposulphite of Tin has not been examined. Protochloride of tin 
forms no precipitate with the alkaline hyposulphites. 

Sulphite of Tin is formed by digesting the protoxide in sulphurous 
acid, but the salt has not been examined. 

Sulphates of Tin. When tin is boiled in sulphuric acid, a solution 
is obtained which deposits white acicular crystals of protosulphate qf tin. 
It is also precipitated by pouring sulphuric acid into protochloride of tin. 
The hydrated peroxide of tin is also soluble in sulphuric acid. 

PiTospiiURET OF TiN may be formed by dropping phosphorus into 
melted tin. It is of a silvery colour, sectile, and somewhat ductile. 
When its filings are sprinkled upon hot coals the phosphorus bums. 

Phosphite of Tin is produced, according to Rose, by mixing pr'»to- 
chloride of tin with protochloride of phosphorus saturated by ammonia. 
(An?i. de Chhn. ef Ph^s.^ xxxv. 218.) 

Phosphate op Protoxide op Tin is formed by adding phosphate of 
soda to the protomuriate. It is a white powder, not soluble in water, 
and fuses at a red-heat into an opaque white enamel. 

Carbonate of Tin. When carbonate of potassa is added to proto- 
muriate of tin, a white precipitate ensues, which, when washed and 
dried, loses carbonic acid, so that no permanent carbonate appears to exist. 

Borate of Tin is an insoluble white powder. 

Ferrocyanuret of Tin. Ferrocyanurct of Potassium produces a 
white precipitate in solution of protochloride of tin. 

Alloys of Tin. With potassium and sodium tin forms brittle white 
alloys. Its alloy with manganese is not known. It does not readily 
combine wdth iron, but tin-plate (on the manufacture of wdiich see Parkes' 
Essays\ may be considered as an imperfect alloy of those metals. With 
zinc it forms a hard brittle alloy. (On the alloys of tin, see Dussaussy, 
Ann. de Chim, et Phys.^ v., and Chaudet, in the same w^ork, v. and vii.) 

Tin medals are bronzed by being first well cleaned, wiped, luid washed 
over with a solution of 1 part of protosulphate of iron, and 1 of sulphate 
of copper, in 20 of w\ater: this gives a gray tint to the surface; they are 
then brushed over with a solution of 4 parts of verdigris in 1 1 of db- 
tilled vinegar; left for an hour to dry; and polished with a soft brush and 
colcothar. 

Characters op the Salts of Tin. The salts of the protoxide have 
a highly astringent and disagreeable taste ; they are mostly colourless, and 
arc precipitated white by ferrocyanurct of potassium, and brown by 
hydrosulphurets of the alkalis: white by caustic soda and potassa, and 
excess of alkali redissolves the precipitate. They reduce the persalts of 
many metals to the state of protosalts; such as the persalts of copper, iron, 
and mercury: with dilute solution of gold they give a red or purple pre- 
cipitate. Succiuates and benzoates of the alk^is give white, and tincture 
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of galls yellow, precipitates. The salts of the peroxide ore colourless and 
do not reduce the other metallic persalts; heated with nitric acid, 
peroxide of tin is generally separated : they are precipitated white by 
ferrocyanuret of potassium, and dirty yellow by the hydrosulphuretted 
alkalis. 

Protochloride of tin is decomposed by zinc and by cadmium, which 
quickly and entirely precipitate tin in a metallic state. Lead immersed 
in a solution of the protochloride of tin becomes covered with spicular 
ciystals of the latter metal, which prevent further action. Pure and 
anhydrous perchloride of tin is not decomposed by any of the metals : 
if water be present it is acted upon as the protochloride. The alkaline 
solution of oxide of tin is reduced by zinc and cadmium, and less 
perfectly by lead. 


§ XII. CADMIUM. 

This metal was discovered in 1817, by the late Professor Stromoyer, of 
Gottingen, in examining into the cause of the yellow colour of certain oxides 
of zinc: he called it Cadmium^ from a term formerly applied both 

to calamine, and to the substance which sublimes from the funiace during 
the manufacture of brass. It is contained in certain ores of zinc, and 
especially in the black fibrous blende of Bohemia. It has been detected 
by Dr. Clarke in the calamine of Derbyshire and Somersetshire, and in 
the zinc of commerce, {Ann. of PAi7., xv., 272, and New Scries, iii., 123,) 
and Mr. Herapath found it in considerable proportion in the sublimate 
which, in the process for obtaining zinc, rises before that metal, forming 
what the workmen call the brown blaze. {Ann. of Phil.^ iii., 435.) It 
may be procured by digesting the ore in muriatic acid, by which a mixed 
muriate of zinc and cadmium is obtained: it should be evaporated to 
diyness, to drive off excess of acid, and re-dissolved in water. Immerse 
a plate of iron into this solution, to separate all that may be thus precipi- 
tated, and afterwards filter the liquor into a platinum capsule containing 
a piece of zinc.^ The cadmium will coat over the surface of the capsule, 
and adhere so firmly to it, that it may be washed, and tlius freed from 
any remaining solution of zinc. Muriatic acid dissolves the precipitate 
with effervescence, and from this solution it is thrown down white by the 
alkalis, and yellow by sulphuretted hydrogen. (Wollaston.) It may be 
reduced to the metallic state by mixing the oxide with charcoal, and 
applying a red-heat in a tube or retort, when the cadmium, being volatile 
at that temperature, sublimes. 

Stromeyer separates cadmium from the ores containing it, by digest- 
ing them in dilute sulphuric acid, and passing sulphuretted hydrogen 
through the acidulous solution. He washes the precipitate thus formed, 
dissolves it in muriatic acid, and expels the excess of acid by evaporation. 
He then redissolves the residue in water, precipitates by carbonate of 
ammonia, pf which an excess is added, for the purpose of retaining the 
oudes of zinc and copper in solution; the remaining carbonate of cad- 
mium is washed, dried, and heated with lampblack, by which it is easily 
reduced. 

The physical properties of cadmium closely resemble those of tin, but 
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it is rather harder and more tenacious; its specific gravity is 8.60, and 
somewhat exceeds 8.69 after hammering. It fuses at a temperature a 
little below that required by tin, and distils over at a heat somewhat 
below redness, condensing into metallic globules: its vapour is inodorous. 
Air does not act upon it except when heated, when it forms an orange- 
coloui^d oxide, not volatile, and easily reducible. Its equivalent is 56. 
(55.8 Turner.) 

Protoxide of Cadmium {Cod + 0) or Cad. This, which is the 
only known oxide, may be obtained by burning the metal in oxygen, or 
by dissolving it in dilute nitric acid, and precipitating it in the state of 
carbonate, which is then washed, dried, and ignited. It is of a reddish- 
brown or orange colour, and is neither volatile nor fusible ; but wdien 
mixed with carbonaceous matter it appears volatile, in consequence of its 
easy reduction, and the burning oflF of the separated cadmium. When 
thrown down from its solutions by alkalies it forms a white hydrate^ 
.soluble in excess of ammonia, but insoluble in potassa or soda. 

Oxide of cadmium consists of 

Strom(»yer. John. 

Cadmium . . 1 . . 56 . . 87.5 . . 87.45 . . 90 

Oxygen ... 1 . . 8 . . 12.5 . . 12.55 . . 10 

I 64 lOO.O 100.00 100. 

Chloride of Cadmium {Cod + C) is formed by dissolving the 
hydrated oxide in muriatic acid: on evaporation, small prismatic crystals 
are obtained, very soluble in water, and eflflorescent in a dry atmosphere. 
These crystals readily fuse into a crystalline mass, which is chloride of 
cadmium : at a very high temperature it is volatile, and concretes in the 
form of a lamellar sublimate. It consists of 

Stromeyer. 

Cadmium . . 1 . . 56 • • 60.8 . . 61.38 

Chlorine . . I • • 36 . • 39.2 , . 38.62 

1 92 100.0 100.00 

Iodide of Cadmium {Cod +i) is a colourless crystallizable com- 
pound, fusible, and resolved at a high temperature into iodine and cad- 
mium. It is easily formed by heating cadmium with iodine, or mixing 
them in a moist state. Its alcoholic or aqueous solution yields large six- 
sided tables, of a pearly lustre. It consists of 

Stfomeyer. 

Cadmium . . 1 • . 66 . . 30.94 . . 30.541 

Iodine ... 1 . . 125 . . 69.06 . . 69.459 

1 181 100.00 100.000 

Fluoride of Cadmium is a difidcultly-soluble compound. 

Nitrate of Cadmium (Cad+^ 0 fonns radiated acicular crystals, 
which are deliquescent, and soluble in alcohol. They consist of 


Stromeyer. 


Oxide of cadmium . 

1 

. . 64 

41.56 

. . 42.15 

Nitric acid . . . 

1 

. . 54 

. . 35.07 

. . 35.78 

Water .... 

4 

. . 36 

. . 23.37 

. . 22.07 


1 

164 

100.00 

100.00 
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SuLPHURET OF Cadmium (C^+5) IS obtained in the form of a 
bright-yellow powder, insoluble in pure potassa, by precipitating the 
solutions of the metal with sulphuretted hydrogen. It is also formed by 
heating cadmium, or its oxide, mth sulphur, and concretes, on cooling, 
into a yellow lamellar mass. It dissolves with the evolution of sulphu- 
retted hydrogen in concentrated muriatic acid, and is not volatile at a 


white heat. It is composed of 


• 

stromeyer. 

Cadmium . . 1 

56 . 

. 77.77 . 

. 7ao2 

Sulphur ... 1 

16 . 

. 22.23 

21.98 

1 

72 

100.00 

100.00 

IIyposulphate of Cadmium 

is a very soluble 

deliquescent salt. 

(Heeren.) 




Sulphate op Cadmium ( Cad + 5 ') 

forms transparent prismatic 


crystals, much resembling those of sulphate of zinc: they are efflorescent, 
and very soluble in water: gently heated, they lose water of crystallization, 
and at a higher temperature a part of the acid escapes, and a basic sul- 
phate, difficultly soluble, and crystallizing in scales, remains. The crystals 
of the sulphate contain 

Stromoyer. 

Oxide of cadmium . 1 . . 64 . . 45.72 . . 45.956 

Sulphuric acid . . 1 . . 40 . . 28.57 . . 28.523 

Water 4 . . 36 . . 25.71 . . 25.521 

1 140 100.00 100.000 

Phosphuretof Cadmium (Cflsd-l-p) is a gray, brittle compound, with 
a feeble metallic lustre, and very difficult of fusion. 

Phosphate op Cadmium is an insoluble white powder, formed by 
adding neutral phosphate of soda to a soluble salt of cadmium. It consists, 
according to Stromeyer, of 69.2 oxide of cadmium, and 30.8 phosphoric 
acid: the equivalents would give 64+36. 

Carbonate of Cadmium (Cad + 0^7*0 is a white insoluble anhy- 
drous powder, which loses its acid at a red-heat, and consists of 

Stromeyer. 

Oxide of cadmium .1 . . 64 . . 74.42 . . 74.547 

Carbonic acid . . . 1 . . 22 . . 25.58 . . 25.453 

1 86 100.00 100.000 

Borate op Cadmium is an insoluble white powder, -containing, accord- 
ing to Stromeyer, 72-1 oxide, 27-9 acid; numbers which are irreconcileable 
with the equivalents. 

Alloys op Cadmium. Cadmium combines readily with other metals, 
forming brittle alloys, from which the cadmium is expelled by a high heat: 
few of them have been examined. 

The Salts of Cadmium are white and colourless, and mostly soluble in 
water: the solution has a nauseous metallic taste; they arc precipitated 
white by caustic and carbonate alkalis, and by ferrocyanuret of potassium; 
and yellm by sulphuretted hydrogen: they are not affected by tincture 
of galls. Zinc is the only metal which throws down metallic cadmium. 
The scarcity of cadmium prevents its application to useful purposes, 
otherwise its malleability would render it available in the arts, and its 
oxide would perhaps be a good pigment. Its applications in medicine 
would probably be analogous to those of zinc. 
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§ XIII. COBALT. 

The following aecount of tke discovery of cobalt is given by Dr. Thomson, 
(/worg. Chem.^ i., 536.) 

A mineral called cobalt^ ^ of a gray colour, and very heavy, has been 
in different parts of Europe, since the 15th century, to tinge glass 
of a blue colour. iKit the nature of this mineral was altogether 
unknown till it was examined by Brandt, in 1733. This celebrated 
Swedish chemist obtained from it a new metal, to which he gave the 
name of cobalt, {Acta Upsal.^ 1733 and 1742.) Lehmann published a 
very full accoimt of everything relating to this metal in 1761. {Cadmia- 
logia^ oder Geschichte des Farben-Kobolds,) Bergman confirmed and 
extended the discovery of Brandt in different dissertations published in 
the year 1780. (Opusc,^ ii., 444, 501, and iv., 371.) Scarcely any 
further addition was made to our knowledge of this metal till 1708, when 
a paper on it was published by Mr. Tassaert. {Ann, de Chim,^ xxviii., 
101.) In the year 1800, a new set of experiments were made upon it 
by the School of Mines at Paris, in order to procure it perfectly pure, and 
to ascertain its properties when in that state. (Fourcroy, Disconrs Pre- 
liminairc^ p. 114.) In 1802, a new series of trisils was published by 
Tlienard, which throw considerable light on its combinations with oxygen. 
{Ann, de Chim,^ xlii., 210.) And in 1806, Mr. Proust published a set 
of experiments upon the same subject. {Ann, de Chhn,,^ lx., 260.) Con- 
siderable attention has been lately paid to the purification of this metal; 
but hitherto no one seems to have been fortunate enough to hit upon a 
method altogether free from objections. 

The native combinations of cobalt arc the oxide, and compounds of 
the metal with iron, nickel, arsenic, and sulphur. It is also found com- 
bined with arsenic acid. In the white and gray cobalt-ores, the metal is 
combined with iron, and with arsenic. The ore commonly called glance 
cobalt^ from Tunaberg, in Sweden, is a sulpho-arseniurct of cobalt. Some 
of the varieties are crystallized in cubes, octoedrons, and dodecaedrons. 


* The word cohalt seems to be derived 
from cobalusy which was the name of a 
spirit that, according to the superstitious 
notions of the times, haunted mines, de* 
stroyed the labours of the miners, and 
often gave them a great deal of unne- 
cessary trouble. The miners probably 
gave this name to the mineral out of 
joke, because it thwarted them as much 
as the supposed spirit, by exciting false 
hopes, and rendering their labour often 
fruitless ; for as it was not known at first 
to what use the mineral could be applied, 
it was thrown aside as useless. It was 
once customary in Germany to introduce 
into the church-service a prayer that 
God would preserve miners and their 
works from kohalts and spirits, (See 
Beckmann*aflrt«/ory of Inventions^ ii., 362.) 
Mathesius, in his tenth sermon, where 


he speaks of cadmia fossUis (probably co- 
balt ore), says, Ye miners call it cobalt ,• 
the Gennans call it the black devil and 
the old devil’s whores and hags, old and 
black kobel, wliicli by their witchcraft do 
injury to people and to their cattle.” 
Lehmann, Paw, Delaval, and several 
other philosophers, have supposed that 
smalt (oxide of colralt melted with glass 
and pounded) was known to the ancients, 
and used to tinge the beautiful blue glass 
still visible in some of their works; but 
we learn from Gmelin, who analyzed 
some of these pieces of glass, that they 
owe their blue colour, not to the presence 
of cobalt, but of iron. According to 
Lehmann, cobalt ore was first used to 
tinge glass blue by Christopher Schurer, 
a glassmaker at Flatten, aWt the year 
1540. 
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The red ore is an arseuiate. The finest specimens are the produce of 
Saxony. Cobalt has also been detected, by Stromeyer, in several specimens 
of metallic iron. 

Cobalt is never employed in the metallic state, so that the processes 
for its reduction are generally carried on upon a small scale, and confined 
to the experimental laboratory. 

To obtain pure cobalt, the cobalt of commer|^, in fine powder, may 
be calcined with four parts of nitre, and washed in hot water, by which 
much arsenic is separated: then digest it in dilute nitric acid, and immerse 
a plate of iron into the solution, which will separate the copper; filter, 
and evaporate to dryness; digest the dry mass in liquid ammonia and 
filter; expel the excess of ammonia from the filtered liquor by heat, 
taking care not to produce a precipitate, and then add solution of potassa, 
which throws down oxide of nickel ; filter immediately, and boil, which 
w'ill occasion the separation of oxide of cobalt ; this, ignited with char- 
coal, furnishes the pure metal. In this process the first calcination with 
nitre often requires two or three repetitions in order to get rid of the 
whole of the arsenic, which adheres to cobalt with much obstinacy. 

When the ores of cobalt, or the impure oxide called Zqffre^ are dis- 
solved in muriatic acid by the aid of a little nitric acid, and sulphuretted 
hydrogen passed through the solution, the arsenic is precipitated : tlie 
filtered liquor may then be boiled with a little nitric acid to peroxidizc 
th^^on, and precipitated by carbonate of potassa: the precipitate, when 
well washed, is to be digested in oxalic acid, "which leaves an insoluble 
oxalate of cobalt: this may be decomposed at a high heat. When dry 
hydrogen gas is passed over oxide of cobalt, it is also reduced. 

Cobalt is of a reddish-gray colour, brittle, and difficultly fusible. Its 
specific gravity, according to Bergman, is 7-7 ; according to Turner, 7.B34. 
Tassaert and Lampadius place it at 8.5 and 8.7* It is feebly magnetic. 
Its equivalent is 30. (29.5 Gmelin and Turner.) 

Cobalt and Oxygen unite in two proportions. Protoxide op Cobalt 
(cob +0) or Cob, is formed by adding potassa to the nitrate, and washing 
and drying the precipitate; it appears very dark blue or nearly black. 
By exposure to heat and air it absorbs an additional portion of oxygen, 
and is thus converted into black peroxide. The protoxide, when recently 
precipitated and moist, is blue; and, if left in contact of water, becomes 
a red hydrate; and afterwards of a dingy green by absorbing oxygen. 

The protoxide may also be obtained by heating the carbonate of 
cobalt out of contact of air; it is then of a greenish-gray colour. It is 
recognised by the facility with which it imparts a blue tint to vitrifiable 
compounds and to white enamel. It consists of 

Rothoff. Borthier. 

Colnlt . . 1 . . 30 . . 78.9 . . 78.67 . . 78.75 

Oxygen . . 1 . . 8 . . 21.1 . . 21.33 . . 21.26 

\ 38 100.0 100.00 100.00 

Pbbosidb OF Cobalt; Sesouioxiob of Cobalt. (Cob + lj^O.) When 
the finely-divided metal, or the protoxide, are heated in the air, they 
absorb o^gen, and acquire a dark-brown colour, forming an oxide inter- 
mediate between the peroxide and protoxide, and probably of indefinite 
composition; but according to Hess (Peggend. xxvi., 542), consisting of 
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(3CO + 4O). AVTien chlorine is passed through a mixture of the 
hydrated protoxide and water, or when a solution of chloride of cobalt 
is decomposed by chloride of* lime, a black precipitate falls, which is the 
hydrated peroxide^ and which may be deprived of water by very cautious 
drying at a high temperature; it is then black, and insoluble in dilute 
acids*; it does not form salts; when acted on by muriatic acid it evolves 
chlorine, and yields chldride of cobalt. It consists of 


Cobalt . . 

. 1 

30 

71.8 

RoninfT. 

71.08 

Oxygen . . 

. . u . 

12 

2^5 

28.92 


1 

42 

100.0 

100.00 


Chloride op Cobalt. (C06 + C.) Cobalt bums when heated in 
clilorine, and forms chloride of cobalt. When muriate of cobalt is 
evaporated to dryness, and the residuum heated to redness out of the 
contact of air, a substance of a blue colour and micaceous texture is 
obtained, which is a pure chloride of cobalt. It dissolves perfectly in 
water, forming a pink solution. The anhydrous chloride consists of 






Brandt*. 

Cobalt . . 

. 1 

30 

45.4 

47.75 

Chlorine . . 

1 

30 

54.0 

52 25 


1 

m 

100.0 

100.00 


When the blue anhydrous chloride of cobalt is dissolved in water it 
yields a pink solution, which if duly diluted, and >vritten with, becomes 
invisible wdien dry; but if gently heated, the writing appears in brilliant 
blue, which soon vanishes as the paper cools, in consequence of the salt 
absorbing the aerial moisture. This solution has been teraied Hellofs 
sympathetic ink. Dr. Thomson states that it was hrst made known by 
Waitz, in 1705; a second time by Teichmeyer, in 1731 ; and, lastly, by 
Ilellot, in 1737 * {Mem, Paris,) If it contain copper, nickel, or iron, the 
wTiting appears green; hence, in what arc termed magic landscapes^ the 
sky is tinted with solution of pure chloride of cobalt, and the trees and 
grass with that wdiich is cupreous. By careful evaporation, the solution 
of this chloride forms red crystals, in the form of oblique rliombic 
prisms (Brooke, Ann, of Phil,, 2nd series, vii., 365), composed of one 
proportional of the chloride and five of water. 

Iodide op Cobalt remains unexamined. No precipitate is produced 
in solutions of cobalt either by hydriodic acid, or iodide of potassium ; or 
by iodic acid, or iodate of potassa. 

Bromide of Cobalt has not been examined. 

Fluoride of Cobalt. When oxide of cobalt is digested in hydro- 
fluoric acid, a pink solution is obtained, which yields crystals on evapora- 
tion, difficultly soluble in water. 

Nitrate of Cobalt. With nitric acid the oxide of cobalt furnishes 
a brownish-red deliquescent salt in irregular rhombic crystals, consisting, 
according to Dr. Thomson, of 1 proportional of oxide of cobalt, I of nitric 
acid, and 6 of water. 

Ammoniated Oxide of Cobalt; Cobaltate of Ammonia. It is 
doubtful whether any binary, compound of ammonia and Dxide of cobalt 
exists. Salts of cobalt with excess of acid are not precipitated by ammonia, 
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nor by ammoniaoal salts, because double salts are formed. From a neutral 
solution of cobalt, ammonia throws down a portion of oxide in the form 
of blue hydrate, which remains unchanged provided air be excluded ; but, 
if air has access, oxygen is absorbed, and the precipitate first becomes 
green, and then dissolves into a brown fluid, which appears to be a com- 
pound oicobaliate of ammonia nith the other amnioniacal salt. L. Gmelin 
supposes the cobaliic acid to consist of 1 equivalent of cobalt and 2 of 
oxygen; its ammoniacal solution is apt to deposit peroxide of cobalt, in 
which case it also gives out nitrogen. 

SuLPHURET OP Cobalt is formed by heating cobalt or its oxide with 
sulphur. It is yellowish-white, and contains, according to Proust, 71 
cobalt, 28.5 sulphur. A hydrous sulphuret of cobalt is thrown down by 
sulphuretted hydrogen* from perfectly neutral solutions of cobalt. 

Sulphite and Hyposulphite of Cobalt have not been examined. 

Hyposulphate op Cobalt forms, according to Ilcercn, a red saline 
mass, very soluble, but not deliquescent: he obtained it by the decompo- 
sition of sulphate of cobalt by hyposulphate of baryta. 

Sulphate op Cobalt (Cob+S^) forms oblique rhombic prisms, like 
sulphate of iron, (Brooke, Ann. of Phil., vi. 120, 2nd. series,) soluble in 
24 parts of vrater at 60®, and insoluble in alcohol. It may be made by 
dissolving the newly precipitated protoxide or carbonate of cobalt in sul- 
phuric acid diluted with its bulk of water. • 

When dried at a temperature of 500®, the crystals fall into a blue 
powder, which, in a bright red-heat, fuses, and gives out sulphuric acid, 
leaving a black oxide. The blue powder is the anhydrous sulphate of 
cobalt, perfectly soluble in water, and forming a pink solution; it is 
slightly deliquescent, and becomes lilac-coloured by exposure to air. It 
consists of 

Kothfiff. Brandc. 

Oxide of Cobalt 1 .. 38 .. 48.7 .. 47.89 .. 60 ' 

Sulphuric acid 1 '.. 40 .. 51.3 .. 52.11 ., 50 

' 1 78 100.0 100.00 100 

The crystals consist of 

Bucholz. MlU'hcrltcU. Proust 

Anhydrous sulpliate of cobalt 1 . 78 . 59.1 . 56 . 57.3 . 58 

Water . . . 6 . 54 . 40.9 . 44 . 42.7 • 42 

1 132 100.0 100 100.0 100 

When hydrogen gas is passed over sulphate of cobalt, heated to redness 
^n a tube, sulphurous acid and water are evolved, and there remains from 
100 parts of dry sulphate 53.62 of a dark-gray agglutinated powder, 
composed of 1 equivalent of oxide and 1 of sulphuret of cobalt. When 
sulphuretted hydrogen is passed over 100 parts of this compound, at a 
red-heat, 117 parts of sesquisulphuret of cobalt are obtained. (Arfwedson, 
Poggend., i. 64.) When this sesquisulphuret is digested in muriatic acid, 
or when 1 part of carbonate of cobalt, and 1^ of sulphur are heated 
(below redness,) till water, carbonic acid, sulphurous acid, and excess of 
sulphur cea^ to pass off, there remains a black bisulphuret of cobalt. 
(Setterberg.) 

Bisulphatb op Cobalt is formed by digesting the sulphate in excess 
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of acid; the solution affords jArismatic efflorescent crystals, composed of I 
proportional of protoxide of cobalt, 2 sulphuric acid, and .3 water. 

Ammonio-sulphatb and Potassa-sulphate op Cobalt. Sulphate of 
cobalt forms triple compounds with ammonia and with potassa, which 
have not been minutely examined. If it contain nickel, the crystals are 
of a greenish tinge, but pink when the cobalt is pure. 

Hydrosulphuretted Oxide op Cobalt is precipitated from the 
muriate by hydrosulphurct of ammonia, of a black colour. Sulphuretted 
hydrogen does not throw down cobalt from solutions with excess of acid; 
but it occasions precipitates in those which are perfectly neutral. 

PuospnuRET OP Cobalt is a white brittle compound. 

Hypophosphite op Cobalt forms, according to Rose, octoedral efflo- 
rescent crystals containing 49.35 per cent, of water of crystallization. 

Nothing is known respecting the Phosphite qf Cobalt. 

Phosphate of Cobalt may be formed by double decomposition, as by 
adding phosphate of soda to chloride of cobalt ; it is insoluble in water, of a 
lilac colour, and soluble in excess of phosphoric acid ; if mixed with two or 
three parts of pure alumina, and exposed in a coyftred crucible to a full 
white-heat, it produces a beautiful blue colour, w’^hich n^ay sometimes be 
employed by painters as a substitute for ultramarine : a pure salt of cobalt 
free from nickel, pure alumina free from iron, and a high heat, are 
e®ential to the production of a fine blue. This compound, from its 
discoverer, is sometimes called Thenard*s blue. 

Carbonate of Cobalt (Cob + CCLT^) is formed by decomposing the 
nitrate, muriate, or sulphate of cobalt by carbonate of potassa, or soda ; a 
purple powder is precipitated, becoming pink when dried, and readily 
soluble with effervescence in the acids. Heated in close vessels it gives 
off carbonic acid, and a gray protoxide of cobalt remains. It dissolves in 
excess of carbonic acid, and in alkaline carbonates. 

Ammonio-carbonate of Cobalt. Carbonate of cobalt is readily solu- 
ble in solution of c<arbonate of ammonia, forming a bright pink liquid. . 

Cyanuret of Cobalt. Hydrocyanic acid, added to acetate of cobalt, 
throws down the whole of the metal in the form of cyanuret. 

Ferrocyanurbt op Cobalt. Ferrocyanuret of potassium gives a 
greenish yellow, or gray precipitate ; and ferrosesquicyanuret a brown 
precipitate, in solutions of cobalt: these precipitates are insoluble in 
muriatic acid. 

Cobaltocyanuret op Potassium. Cyanuret of cobalt is dissolved in 
a solution of cyanuret of potassium ; or hydrocyanic acid is added to a 
solution of cyanuret of cobalt, or of carbonate of cobalt, in potassa, till it 
no longer reddens turmeric ; on evaporation, transparent shining prismatic 
crystals are obtained, which are neutral to vegetable colours, decrepitate 
when heated, and then fuse into a dark olive-green liquid. This salt is 
easily soluble in water, and the solution is nearly colourless. The pink 
precipitate which it produces in the salts of cobalt, is, perhaps, analogous to 
prussian-blue. (Leopold Gmelin.) This salt is a^y^ous, and consists of 

L. Gmelin. 


Potassium 

. 3 

. . 120 

36.8 

. . 36.23 

Cobalt . . 

. 2 

60 

17.9 

17.19 

Cyanogen 

6 

. . 156 

46.3 

.. 47.58 


1 

336 

100.0 

100.00 
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SuLPHocYANURBT OF CoBALT. Sulphate of cobalt is added to an alco- 
holic solution of sulphocyanuret of potassium ; sulphate of potassa fails, 
and the blue solution yields prismatic ciystals which deliquesce in the air 
into a liquid, at first violet-coloured, then red, and yielding a nearly 
colourless solution in water, which, on the addition of alcohol, again 
becomes blue. (Grotthuss, Gilbert’s Ann.^ Ixi. ^0,) 

Borate of Cobalt. Elution of borax occasions a pink precipitate in 
solution of chloride of cobalt, which is a iiorate qf cobali^ and which pro- 
duces a beautiful blue glass when fused. 

The alloys qf cobalt are unimportant. The chief use of cobalt is in 
the state of oxide as a colouring material for porcelain, earthenware, and 
glass ; it is principally imported from Gennaiiy in the state of zaffre^ and 
smalt or azure. Zaffre is prepared by calcining the ores of cobalt, by 
which sulphur and arsenic are volatilized, and an impure oxide of cobalt 
remains, w’hich is mixed with about twice its weight of finely-powdered 
flints. Smalt and azure blue are made by fusing zaffre with glasiSr; or by 
calcining a mixture of equal parts of roasted cobalt ore, common potash, 
and ground flints. In this way a blue glass is formed, which, while hot, 
is dropped into water, and afterw^ards reduced to a very fine powder. 

CnARACTERS OP THE Salts OF CoBALT. Solution of potassa produces 
a blue precipitate in solutions of cobalt which becomes green, and if boiled, 
or long kept, dirty red. It is not redissolved by excess of potasflk. 
Ammonia, forms a blue precipitate in solutions of cobalt, which, on its 
further addition becomes green, and mostly dissolves: tliis solution 
becomes brown by exposure to air. Carbonate of ammonia produces a 
red precipitate, which dissolves in muriate of ammonia. Hydrosulphuret 
of ammonia produces a black precipitate even w'hen the cobaltic solution 
is excessively dilute. Those salts of cobalt which are insoluble in water, 
are nearly all soluble in dilute sulphuric or muriatic acid, and are 
generally thrown down by ammonia, and blackened by hydrosulphuret 
of ammonia. When no precipitate is produced in an acidulated metallic 
solution by sulphuretted hydrogen gas, while at the same time a black 
precipitate is produced in the neutral or alkaline solution, by hydrosul- 
phuret of ammonia, scarcely any other metal than cobalt, nickel, or iron, 
can be present. (H. Rose.) Before the blow-pipe cobalt and its compounds 
colour borax and microcosmic-salt blue. By soda or charcoal they are 
reduced to a gray magnetic powder which is metallic cobalt. (Berzelius.) 
Cobalt is not thrown down in the metallic state by any of the other metals. 

§ XIV. NICKEL. 

Nickel was discovered by Cronstedt, in 1751. Its ores w^e termed by 
the German miners, kupfemickel^ or ^ false copper.” It is found native^ 
and combined with arsenic, and with arsenic acid. It is procured pure 
by the following process : — ^Dissolve the impure metal, sold under the 
name o£\Speiss^ in sulphuric acid, by adding the quantity of nitric acid 
necessaiy to produce solution. Concentrate this solution, and set it 
aside; ^e green i^tystals of sulphate of nickel make their appearance. 
Proceed in tto manner till you have obtained a sufficient quantity of 
crystals. IMfooIte them in water, and ciystallize a second time. If they 
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be now dissolred in water, and sulphuretted hydrogen passed through 
the solution to precipitate any copper or arsenic that may be present, 
and recrystallized, they furnish a solution from which a nearly pure 
oxicU of nickel is thrown down by potassa : it may, however, still retain 
cobalt, which is perhaps most easily separated by Effusing the hydrated 
precipitate through water, and subjecting it to a current of chlorine, 
by which the cobalt is thrown down (with some nickel) in the form 
of peroxide, and a solution of chloride of nickel is obtained, from 
which the pure hydrated oxide of nickel may now be thrown down, by 
potassa ; or, if intended for the production of the metal, by oxalic acid 
in the state of oxalate ; which is then dried, and intensely heated in a 
covered crucible : it affords a button of pure nickel : the metal may also 
be obtained by exposing a mixture of lampblack and oxide of nickel, 
made into a paste with oil, to a heat gradually raised to whiteness. 

Nickel is a white brilliant metal, which acts upon the magnetic 
needle,* and is itself capable of becoming a magnet. Its magnetism is 
more feeble than that of iron, and vanishes at a heat somewhat below 
redness. It is ductile and malleable*: its specific gravity =8.5. It 
not oxydized by exposure to air or moisture at common temperatures, 
but when heated in the air it acquires various tints, like steel ; at a red 
heat it becomes coated by a gray oxide : before the oxygen blowpipe it 
blims with sparks, somewhat like iron : its equivalent number, deduced 
from various analyses of its compounds, is betw^een 27 and 30. I have 
assumed it at 28. (29.5, Gmelin and Turner ; 26, Thomson ) 

Protoxide of Nickel, (7lic+0,) or Nic, is obtained by adding 
potassa to the solution of the pure nitrate or sulphate; a precipitate falls 
of a pale-green colour, which is a hydrated protoxide; this, heated to 
redness, affords a gray protoxide. The carbonate, or nitrate of nickel, 
heated to redness, ^so afford the protoxide in the form of a gray powder : 
when intensely heated it becomes green. It is not magnetic. This 
oxide, in the state of hydrate, easily dissolves in ammonia, forming a^ 
sapphire-blue solution ; this property is often made use of to separate 
oxides of nickel and iron, the latter being insoluble in ammonia. Prot- 
oxide of nickel consists of 

KU]»oth.. Richtrr. nomson. RotiiolT 

Nickel 1 . . 28 . . 77.77 . • 77 • • 77.82 . . 78 . . 78.» 

Oxygen 1 . . 8 . . 22.23 . . 23 . . 22.18 . . 22 . . 21.45 

1 36 100.00 100 100.00 100 100.00 

Peroxide of Nickel. (Uic + H O.) If excess of chlorine be passed 
through a mixture of the hydrated oxide and water, a black powder is 
gradually formed, which, when acted upon by the acids, evolves oxygen, 
and returns to the state of protoxide. It is not, therefore, a salifiable 
base. It consists of 

Rothoff. Lassalgne. 

Nickel . . 1 . . 28 . . 70 . . 70.96 . . 71.48 

Oxygen . . li . . 12 . . 30 . . 29.06 . . 28.67 

1 40 100 100.00 100.00 


* I have a Bavarian coin struck in nickd ; the impresuon of the die is very 
perfect 
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Chloride op Nickel. {7lic + C.) When finely-divided nickel is heated 
in chlorine, the gas is absorbed, and an olive-coloured chloride results. 
This compound may also be obtained by dissolving oxide of nickel in 
muriatic acid, evaporating to dryness, and heating the residue to redness 
in a glass tube ; it then remains in the form of a yellow lamellar sub- 
stance, which, when dissolved in water, leaves on evaporation a confusedly 
crystalline mass, of an apple-green colour and sweetish taste. It forms a 
double salt with muriate of ammonia. Chloride of nickel consists of 
Nickel .... 1 . . 28 . . 43.7 

> Chlorine .... 1 . . 36 . . 56.3 

1 64 100.0 

Iodide of Nickel may be formed by adding solution of iodide of 
potassium to sulphate or nitrate of nickel; it is of a greenish-yellow 
colour, and insoluble. 

Fluoride of Nickel, obtained by dissolving the hydrated oxide in 
hydrofluoric acid, yields green irregular crystals, ar^d forms double salts 
with ammonia and with potassium. 

Nitrate of Nickel is a green deliquescent salt, difficultly crystal- 
lizable in rhomboids. The analyses of this salt are much at variance, 
but it probably consists of 1 atom of oxide and 1 of acid. The crystals 
contain 3 proportionals of water ; or 5, according to Thomson (First 
Lines^ ii., 334) ; they are soluble in 2 parts of water at 60°, and also 
dissolve in alcohol. By adding excess of ammonia to nitrate of nickel, 
and evaporating, green crystals of ammonio-mtrate of nickel are obtained, 
the solution of which aflbrds no precipitate with potassa or soda. 

Ammonia and Oxide of Nickel. When hydrated oxide of nickel is 
digested iii ammonia it readily dissolves and forms a deep-blue solution, 
the shade of which is paler when the oxide predominates. When heated, 
it deposits granular crystals of hydrated oxide: exposed to air, it gra- 
dually deposits ammonio-carbonale of nickel. The fixed alkalis throw 
down oxide of nickel, combined with the alkali used. 

SuLPHURET OP Nickel, (TllC + S) may be formed by fusion, or by 
heating oxide of nickel with sulphur. When sulphuretted hydrogen is 
passed into a perfectly neutral solution of nickel, a part of the metal 
falls in the form of a black sulpliuret, or hydrosulphurctted oxide ; if the 
solution be acid, the metal is not thus precipitated : hence the method of 
separating nickel from certain other metals, such as copper and arsenic, 
the precipitation of which is not prevented by excess of acid. A sul- 
phuret of nickel is also thrown down, when the soluble salts of nickel are 
decomposed by sulphuret of potassium. There is also a native sulphuret 
of nickel^ which occurs in capillary filaments, of a yellow:-gray colour. 
It is the hair-pyrites of the Germans. Sulphuret of nickel consists of 


Nickel 

1 

.. 28 

. . 63.5 

ArfWeilion. 
.. 64.35 

E. Davy. 

. . 66 . . 

Rose. 

Native. 

64.8 

Sulphur 

1 

. . 16 

. . 36.5 

. . * 34.26 

.. 34 .. 

36.2 


1 

44 

100.0 

98.61 

100 

100.0 


Neither the Hyposulphite^ the Sulphite^ nor the Hyposulphate of 
Nickel have been examined. 

Sulphate op Nickel (Nic+^Z) is formed by digesting the oxide or 
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carbonate in dilute sulphuric acid. A bright-green solution is formed 
which affords prismatic crystals, the form of which varies, depending, 
according to Phillips and Coqper (^Ann. of PhtL^ xxii., 489), upon varia- 
tion in the water of crystallization; soluble in about 3 parts of water at 
60°, and efflorescent by exposure. Their taste is sweet and astringent. 
They> are insoluble in alcohol and in ether. Exposed to heat, they 
crumble doivn into a yellow powder. Tliis salt is also obtained by heat- 
ing common nickel in sulphuric acid, with the occasional addition of 
nitric acid; though it is seldom pure when thus prepared. Anhydrous 
sulphate of nickel consists of Ui rthier. Ttipjifui. 

Oxide of nickel . . 1 . . 36 . . 47.4 . . 47.8 . . 46.6 

Sulphuric acid . . 1 . . 40 . . 52.6 . . 52.2 . . 53.4 

1 76 100.0 100.0 100.0 
The crystallized sulphate consists of 

Tnppnti. Mitsfhciliph. R I'hilUpg. 

sf/unre prism, r/tomhic p. 

Oxide of nickel I . . 36 . . 25.9 . . 25.63 K, . . 26.2 . . 26.30 

Sulphuric acid 1 . . 40 . . 28.8 . . 29.37 J . . 30.0 . . 28.16 

Water . . . 7 • • 6.3 . . 45.3 . . 45.00 4.5.6 . . 43.8 . . 45.54 

1 139 100.0 100.00 100.0 lOO.O 100.00 

Sulphate of AM:\roNiA and Nickel is formed by evaporating a mixed 
solution of sulphate of ammonia and sulphate of nickel; it forms four- 
sided prismatic crystals, of a green colour, soluble in 4 parts of cold water, 
and consisting, according to Mitscherlich, of 1 atom of sulphate of ammo- 
nia, 1 of sulphate of nickel, and 8 water. 

Sulphate of Potassa and Nickel is obtained by adding potassa to 
sulphate of nickel (not in excess), filtering and evaporating; or by mixing 
and evaporating the solution of sulphate of nickel, and sulphate of potassa. 
It forms green rhomboidal crystals, (Brooke, Ann, of Pkil.^ vi., 438,) of a 
sweetish and bitter taste, soluble in 9 parts of cold water (Tupputi, Ann, 
tie Ckim,^ Ixxviii. and Ixxix.) It has been analyzed by Mitscherlich, and 
by Cooper (^Ann. of Phil,, vi., 440), and consists of 


Potassa . . . 

1 , 

. 48 

. . 22.0 

Mitscherlich. 

. . 21.58 . 

Cooper. 

. 20.48 

Oxide of nickel 

. 1 . 

. 36 

. . 16.5 

. . 17.10 . 

. 17.54 

Sulphuric iicid . 

. 2 . 

. 80 

. . 36.7 

. . 36.63 . . 

. .37.90 

Water . . . 

. 6 . 

. 54 

. . 24.8 

. . 24.69 . , 

24.08 


1 

218 

100.0 

100.00 

100.00 


Sulphate op Nickel and Iron is formed by dissolving the mixed prot- 
oxides in sulphuric acid. It is a green efflorescent salt, in tabular crystals. 

PuosPHURET OF Nickel is a brittle whitish compound, decomposed by 
exposure to heat and air. It is formed by the action of phosphorus upon 
red-hot nickel, and is more fusible than the pure metal. It contains, 
according to Pelletier, 83 nickel + 1*7 phosphorus; according to Lampa- 
dius, 87 nickel + 13 phosphorus. 

Hypophosphjte and PnosptiTE of Nickel remain unexamined. 

Phosphate of Nickel, being nearly insoluble, is precipitated upon 
adding phosphate of soda to a solution of nickel. It is of a pale-green 
colour. Digested in phosphate of ammonia, a triple ammonio-phosphate 
of nickel is formed: it is insoluble in water. 


2 Y 2 
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Carburet pF Nickel occasionally remains in the form of a shining 
powder, when a button of the metal, which has long been fused in the 
contact of carbon, is dissolved in nitric acid. (Boss and Irving, Ann. qf 
PhiLy ii.) 

Carbonate of Nickel is precipitated in the form of a green powder, 
whdh carbonate of potassa is added to sulphate of nickel. When long 
washed with boiling-water it becomes nearly black. Dried in the air at 
the temperature of 60^, it retains, according to Thomson, 3 proportionals 
of water. It dissolves in excess of carbonic acid. 

AbImonio-carbonate of Nickel is a very soluble and difficultly- 
crystallizable salt. If its solution be heated, carbonic acid and ammonia 
are evolved, and hydrated oxide of nickel is thrown down. 

Borate of Nickel is a pale-green insoluble compound. 

Cyanuket of Nickel is thrown down when a soluble cyanuret is 
added to a solution of nickel, or when hydrocyanic acid is mixed with 
acetate of nickel. A potasso-c^anuret of nickel is formed when moist 
cyanuret of nickel is dissolved in cyanuret of potassium : it yields on 
evaporation yellow rhombic prisms. Similar double cyanprets may 1>e 
formed with other bases: they were discovered by Wohler. 

Fekrocyanuret of Nickel is precipitated in the form of a gray or 
greenish powder when solution of ferrocyanuret of potassium is added to 
the soluble salts of nickel. ^ 

Alloys op Nickel. Of these alloys, there is one which requires par-* 
ticular notice, namely, that with iron^ which forms the principd metallic 
ingredient iu aerolites^ or meteoric stones. Though we really know nothing 
of the source or origin of these bodies, it has been ascertained upon satis- 
factory evidence, that they are not of terrestrial formation; and, conse- 
quently, their visits to the surface of our planet have awakened much 
speculation, and some experimental research. 

In the first place, it deserves to be remarked, that we have evidence 
of the falling of stony bodies from the atmosphere in various countries, and 
at very remote periods. Such events have been set down by the most 
accredited of the early historians. 

The first tolerably accurate narration of the fall of a meteoric stone 
relates to that of Ensisheim, near Basle, upon the Rhine. The account, 
which is deposited in the church, runs thus: A.D. 1492, Wednesday, 
November 7) there was a loud clap of thunder, and a child saw a stone 
fall from heaven: it struck into a field of wheat, and did no harm, but 
made a hole there. The noise it made was heaiV at Lucerne, Villiiig, 
and other places; on the Monday, King ttaximilian ordered the stone to 
be brought to the castle, and after having conversed about it with the 
noblemen, said the people of Ensisheim should hang it up in their church, 
and his l^yal Excellency strictly forbade anybody to take anything from 
it. His Excellency, however, took two pieces himself, and sent another 
to Duke Sigismund of Austi^. This stgne weighe<h255 lbs. 

In 1627, 27th November, the celebrated Gassendi saw a burning 
* stone fdll on Mount Vaisir, in Provence: he found it to weigh 59 lbs. 
Inri672, a stone fell near Verona, weighing 300 lbs. And Lucas, when 
at Larissa, in 1706, describes the falling of a stone, with a loud hissing 
noise, and smelling of sulphur. In l^ptember, 1753, de Ijalande wit- 
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nessed this extraordinary phenomenon near Pont de Vesle. In 1768, no 
less than three stones fell in different parts of France. In 1790, there 
was a shower of stones near*Agen, witnessed by M. Darcet, and seyeral 
other respectable persons. And on the 13th of December, 1795, a stone 
fell near Major Topham*s house, in Yorkshire ; it was seen by a plough- 
maif and two other persons, who immediately dug it out of the hole it 
had buried itself in; it weighed 56 lbs*. We have various other and 
equally satisfactory accounts of the same kind. All concur in describing 
a luminous meteor, moving throu^ the air in a more or less oblique 
direction, attended by a hissing noise, and the fall of stony or semi- 
metallic masses, in a heated state. We have, however, evidence of ano- 
ther kind, amply proving the peculiar origin of these bodies. It is, that 
although they have fallen in very' different countries, and at distant 
periods, when submitted to chemical analysis, they all agree in component 
parts; the metallic pa: tides being composed chiefly of nickel and iron; 
the earthy of silica and magnesia. 

Large masses of native iron have been found in different parts of the 
world, of the history and origin of which nothing very accurate is known. 
Such are the great block of iron formerly at Elbogen, in Bohemia; the 
large mass discovered by Pallas, weighing 1600 lbs., near Krasnorjark, 
in Siberia; that found by Goldberry, in the great desert of Zahra, in 
Africa; probably, also, that mentioned by Mr. Barrow, on the banks of 
the great fish-river in Southern Africa; and those noticed by Cells, 
Humboldt, and others in America, of enormous magnitude, some ex- 
ceeding 30 tons in weight. That these should be of the same source 
as the other meteoric stones, seems at first to startle belief; but when they 
are submitted to analysis, and the iron they contain found alloyed with 
rickcl, it no longer seems credulous to regard them as of meteoric origin. 
We find nothing of the kind in the earth. Two blocks of such iron 
were, in fact, observed to fall from a meteor, at Hradschina, near Agram, 
in Croatia, in 1751. 

To account for these uncommon visitations of metallic and lapideous 
bodies, a variety of hypotheses have been suggested. 

Are they merely earthy matter, fused by lightning ? Are they the 
offspring of any terrestrial volcano? These were once favourite notions; 
but we know of no instance in which similar bodies have in that way 
been produced, nor do the lavas of known volcanos in the least resemble 
these bodies; to say nothing of the inexplicable projectile force that 
would here be wanted. Those who have t^en up this conjecture, have 
assumed one impossibility to aiicount for what they conceive to be another, 
namely, that the stony bodies should come from any other source than 
our own globe. 

The notion that these bodies come from the moon, is, when impartially 
considered, neither absurd nor impossible, for any power which would 
move a body 6000 feet in a second, that is, about three times the velocity 
of a cannon-ball, would throw it from the sphere of the moon's attnustion 
into that of our earth. The cause of this projective force may be » 
volcano, and if thus impelled, the body would reach us in about two ddyv, 

In Ure*s Chemical DieiUmary there is a full chronological list of meteoric stoneji. 
(Art. Metxorolxte.) See also Annah qf Phihtoj^y, N. S., voL xii., p. 63 . 
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and enter our atmosphere with a velocity of* about 25,000 feet in a second. 
Their ignition may be accounted for, either by supposing the heat gene- 
rated by their motion in our atmosphere sufficient to ignite them, or by 
considering them combustible, and ignited by contact of air. 

While we are stating the possibilUt/ of these opinions, it may be 
remembered, that in the great laboratory of the atmosphere, chemical 
changes may happen, attended by the production of metals ; that, at all 
events, such a circumstance is within the range of possible occurrences ; 
and that these meteoric bodies may be formed in the air. 

Meteoric stones have generally an uneven black surface, and are inter- 
nally of a gray colour and coarse texture. When carefully examined, most 
of them appear made up of a number of small spherical bodies and metallic 
grains imbedded in a softer matter, composed, according to Mr. Howard 
(Phil. Trans,^ 1802), of silica, magnesia, and iron with a little nickel; 
the spherical bodies are nearly of similar composition; and the metallic 
grains are partly meteoric iron^ and partly the same with a little sulphur. 
In addition to these substances, Yauquelin found 2 per cent, of chrome 
. in a stone which fell at Langres, in 1815. {Ann. de Chim. et Phys.^ i. 63.) 
And Stromeyer detected cobalt in the meteoric iron from the Cape of 
Good Hope. (Thomson's Annals^ ix.) Lime and alumine have also been 
found in them, and a small proportion of manganese. M. Laugicr has 
announced the existence of a meteoric stone iidthout nickel, but con- 
taining chrome; and as he has detected the latter metal in all the aerolites 
which he has examined, he considers it as their most characteristic ingre- 
dient. {Mem. du MusSnm^ vi., p. 233.) 

In meteoric iron the proportion of nickel varies considerably. In a 
specimen from the Arctic region I found 3.2 per cent. {Quart. Jour.^ vi., 
389.) In that from Siberia, Mr. Children found nearly 10 per cent. 
The analysis piay be performed by solution in nitro-muriatic acid; the 
iron is thrown dovn by excess of ammonia in the state of peroxide; it 
is separated by filtration, washed and dried; and on evaporating the 
filtrated liquor and heating its dry residue red-hot, the oxide of nickel 
is obtained, which should be rcdissolved in nitric acid, and precipitated 
by pure potassa, the mixture being boiled for a few seconds. (Children, 
Quart. Jmr.^ ix., 324.) 

Meteoric iron has been imitated by fusing iron with nickel. The 
alloy of 90 iron with 10 nickel is of a whitish-yellow cast, and not so 
malleable as pure iron. The alloy with 3 per cent, of nickel is perfectly 
malleable, and whiter than iron. These alloys are less disposed to rust 
than pure iron, but nickel alloyed with steel increases the tendency to 
rust. (Stodart and Faraday, Quart. Jour, of Science and Arts, ix.) 

Nothing is known of the alloys of nickel with potassium, senium, 
manganese, zinc, or tin. With copper it forms a hard white alloy; the 
white copper of the Chinese, or Pakfong, which consists, according to 
the analysis of Dr. Fyfe, of 40.4 parts of copper, 31.6 of nickel, 25.4 
of zinc, and 2.6 of iron. A similar alloy is often used as a substitute for 
silver, or for plated articles, under the name of German silver: it should 
conrnst of 1 part of nickel, 1 of zinc, and 2 of copper; or, when intended 
for rolling, of 25 parts of nickel, 20 of zinc, and 60 of copper; to which, 
if for casting, 3 of lead may be added. (Oersdorff, Quarterly journal^ i., 
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18279 483.)^ Nickel and arsenic have a strong mutual attraction; hence 
arsenic cannot be expelled from nickel by heat. A small addition of 
arsenic renders nickel more fusible, and does not destroy its magnetic 
power. The ores of nickel, called kupfernickel and glance-nickel^ are native 
arsenurets, 

•Gharacters of the Salts op Nickel. These salts have a rough 
metallic taste, and excite vomiting when swallowed in sufficient quantity. 
They are recognised by the peculiar green colour of their aqueous solutions, 
by the green precipitate which they afford with the fixed alkalis and 
their carbonates, and by giving a green precipitate with ammonia, soluble 
in excess of that alkali, when it assumes a blue colour. The yellow-green 
precipitate afforded by iodide of potassium, is very characteristic of nickel; 
but the nicest test of its presence is the ferrocyanuret of potassium, which 
produces a pale-gray or greenish-white precipitate in all the solutions of 
the metal. To detect the presence of nickel in iron, Dr. Wollaston 
recommends that a small portion, which need not exceed .01 of a grain, 
should be filed from the sample, and dissolved in a drop of nitric acid; 
evaporate this to dryness, and add a drop or two of liquid ammonia, 
which, when gently warmed, will dissolve any oxide of nickel that may 
be present. The transparent part of the fluid is then to be conducted by 
the end of a glass rod to a small distance from the precipitated oxide of 
iron, and mixed with a drop of the ferrocyanuret, which, if nickel be 
present, will cause an immediate milkiness, not discernible in a solution 
of common iron, formed and treated in the same way. Nickel is not 
precipitated in a metallic form by any metal except iron, which is slow 
and imperfect in its operation. Zinc, immersed in a solution of chloride 
of nickel, becomes covered with a suboxide, or a mixture of the metal 
and its protoxide. 


* Wliilst correcting this sheet for the 
press, Iklr. Brayley, of tlie London Insti- 
tution, has been good enough to refer 
me to an essay, containing much useful 
information on the manufacture of Ger- 
man Silver^ by JMessrs. Topping (London, 
1 836), from which I make the following 
extracts, premising that the metals should 
be as pTire as possible : 

1. Common German Silver, — Copper 8, 
Nickel 2, Zinc 3^. 

This is the commonest tliai can be 
made, with any regard to the quality of 
the article produced. It might do for 
wire, for common puiposes. If the quan- 
tity of the nickel be reduced much below 
this, the alloy will be little better than 
pale brass, and tarnish rapidly. 

2. Good German Silver — Copper 8, 
Nickel 3, Zinc 3^. * 

This is a very beautiful compound. It 
has the appearance of silver a little below 
standard ; by some persons it is even pre- 
ferred to the more expensive compounds. 
We strongly recommend manufacturers 
not to use a metal inferior to this. 


3. Electrum, — Copper 8, Nickel 4, 
Zinc 3J. 

This is the compound w-e first intro- 
duced. We still prefer it to any of the 
others, and we tliink the public in general 
would do the same. It lias a slmde of 
blue, like very highly-polished silver; it 
tarnishes less easily than silver. 

4. Copper 8, Nickel 6, Zinc SJ. 

Tliis is the richest in nickel that can 

be made, without inj uring the meclumical 
properties of the metal. It is a very 
beautiful compound, but requires a higher 
heat for fusion than the preceding, and 
will be found rather more difficult to 
work. . 

6. Tutenag . — Copper 8, Nickel 3, 
Zinc 6^. 

These proportions we originally ob- 
tained by analyzing a piece of Chinese 
tutenag, of the b^t ordinary quality; 
but have seen some rare specimens of 
Cliinese tutenag equal to electrum, No. 3. 
Tliis alloy is very fludble, but very hard, 
and not easily rolled : it is best a^pted 
for casting. 
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Before the blowpipe oxide of nickel becomes black at the extremity 
of the exterior flame, and in the interior greenish-gray. It is dissolved 
readily, and in large quantity, by microcosmic salt. The glass, while hot, 
is a dirty dark-red, which becomes paler and yellowish as it cools. After 
the glass has cooled, it requires a laige addition of the oxide to produce 
a distinct change of colour. It is nearly the same in the exterior and 
interior flame, being slightly reddish in the latter. Nitre added to the 
bead makes it froth, and it becomes red-brown at first, and afterwards 
paler. It is easily fusible with borax, and the colour resembles the 
preceding. When this glass is long exposed to a high degree of heat in 
the interior flame, it passes from reddish to blackish and opaque, then 
blackish-gray, and transparent ; then paler reddish-gray, and clearer ; and 
lastly, '^transparent, and the metal is precipitated in small white metallic 
globules. The red colour seems here to be produced by the entire fusion 
or solution of the oxide, the black by incipient reduction, and the gray by 
the minute metallic particles before they combine and form small globules. 
When a little soda is added to the glass formed with borax, the reduction 
is more easily effected, and fhe metal collects itself into one single globule. 
When this oxide contains iron, the glass retains its own colour wUle hot, 
but assumes that of the iron as it cools. 

§XV. COPPER. 

Copper, Cuprum^ or Venus^ of the alchymists ( ? ), was known in the 
early ages of the world, and was the principal ingredient in domestic 
utensils, and in the instruments of war, previous to the discovery of 
malleable iron. The word copper is derived from the island of Cyprus^ 
where it was first WTought by the Greeks. It is found native^ and in 
various states of combination. Of its ores^ the oxide, chloride, sulphuret, 
sulphate, phosphate, carbonate, and arseniate, are the most remarkable. 

The metal may be obtained perfectly pure by dissolving the copper of 
commerce in nitric acid ; the solution is diluted, and a plate of iron 
is immersed, upon which the copper is precipitated. It may be fused 
into a button, after having been previously washed in dilute sulphuric 
acid to separate a little iron that adheres to it. 

Copper has a red colour and much brilliancy: it is very malleable 
and ductile, and has a peculiar smell when warmed or rubbed. It melts 
at a cherry-red or dull-white heat, or, according to Danicll, at a tempe- 
rature intermediate between the fusing-points of silver and gold, sr 
ip96® Fahr. Its specific gravity varies from 8.86 to 8.89. Under a 
flame, urged by oxygen gas, it takes fire, and bums with a beautiful 
green light. Exposed for a long time to damp air, copper becomes 
covered with a thin greenish crust of carbonate. If heated and plunged 
into water, a quantity of reddish scales separate, consisting of an imper- 
fect oxide. The same scales fly off during cooling from a plate of the 
metal which has been heated red-hdt. Copper does not decompose water 
at a red-heat. The equivalent of copper is 32. (31 .6 Turner, 32 Gmelin.) 

Native Copper occurs in a variety of forms; massive, dendritic, 
granular, and in cubes, octoi^dia, &c. It is found in Corn- 

wall, Siberia^ 'fpdM^ Hanover, Sweden, and America; chiefly, but not 
exclusively, rocks. 
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Copper and Oxygen. There is only one salifiable oxide of copper, 
which, therefore, is generally regarded as the protoxide; but there is a 
suboxide^ or dioxide\%CU’^0\ which occurs native^ and which may be 
formed artificially, not by the direct oxidizement of copper, but by 
processes in which oxygen is abstracted from the protoxide; thus it 
mrijr be formed by heating 6 parts of peroxide with 4 of very finely 
divided metallic copper, or by digesting a mixture of 50 parts of finely 
divided metallic copper, and 58 of peroxide of copper, in 400 of 
muriatic acid. When potassa is added to this solution, a hydrated 
compound, of an orange-colour, falls ; if quickly dried out of the contact 
of air, it becomes of a red-brown. 

When this oxide is intensely heated out of contact of air, it fre- 
quently happens that small octoedral and cubic crystals are formed in it ; 
the same thing was observed by Mr. Chenevix, on exposing peroxide or 
hydrate of copper to a violent heat, in an open crucible, without 
addition ; a semifused mass, resembling native red copper, was obtained. 
{PhiL Trans,y 1801.) The dilute acids resolve this oxide into metallic 
copper and peroxide; but it dissolves in concentrated muriatic acid, 
forming a dark-brown solution. It dissolves in ammonia, as wilt 
presently be more fully explained, but it does not dissolve in solutions of 
potassa or of soda. 

This compound may be regarded as consisting of 1 atom of copper 


and 1 of protoxide ; or of 








Cheiiovix. 

UerzeUdB. 

Copper . . 2 

64 

. . 88.8 

. . 88.5 . 

88.95[^. 

Oxygen . . 1 

8 

. . 11.2 

. . 11.5 . 

. ii.oSr^* 

1 


100.0 

100.0 

100.00 


Copper vessels, such as tea-urns &c., and medals, are often super- 
ficially coated with this oxide, or bronzed ; it gives them an agreeable 
appearance, and prevents tarnish. For this purpose two processes 
are resorted to : — 1 . The copper surface is cleaned, and then brushed 
over with peroxide of iron (generally colcothar) made into a paste 
with water, or with a very dilute solution of acetate of copper; heat 
is then cautiously applied in a proper furnace or muffle, till it is found, on 
brushing off the oxide, that the surfflce beneath has acquired its proper 
hue. 2. Two parts of verdigris and one of sal-ammoniac are dissolved in 
vinegar ; the solution is boiled in a pipkin, skimmed, and diluted with 
water till it only tastes slightly of copper and ceases to deposit a white 
precipitate ; it is then poured into another pipkin or copper-pan, add 
rapidly brought to boil, and the medal, previously rendered bright, and 
perfectly clean^ is dipped into the boiling solution, which may be most 
conveniently done by placing it in a small perforated copper-ladle or 
wire-cullender made for the purpose: the surface of the medal becomes 
at first black or dark-blue, and then (in about 5 minutes) acquires the 
desired brown tint; it must then be instantly withdrawn, (otherwise it 
changes colour,) and washed in a stream of water so as perfectly to 
remove all soluble matters from its surface, and lastly, very carefully 
dried. The medal is generally perfected by aftcrwandil pTing it <^e 
gentle pinch between the dies, in the coining-press. Wh^n Aere ore 
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many medals, each must be done separately, as they must not be allowed 
to touch each other, and care should be taken to rest them upon as few 
points of contact as possible. The bronzing-liquid also must not be 
suffered to concentrate by evaporation, but must be diluted if necessary, 
so as to keep it in a proper state, and especially to avoid all appearance 
of a white precipitation in it. It is better that the process should be 
too slowly than too rapidly effected. Hie pieces must be most carefully 
washed, and then well dried by wiping with a very soft and warm linen- 
cloth. 

Native Oxide of Copper^ or TZfi&y Copper^ is of a red or steel-gray 
colour, soft and brittle, and occurs massive, and crystallized in octoedra, 
dodecaedra, and cubes. Its specific gravity is 6. There is a beautiful 
variety in fine capillary crystals ; and another, which is compact and 
earthy, called Tile Ore. Cornwall abounds in fine specimens of this ore. 

Protoxide of Copper (CU + 0) or Cu. When copper is exposed to heat 
and air, its surface tarnishes, acquiring a yellow and then a violet colour, 
and at a high temperature black scales forfii upon it, which arc thrown 
off on plunging it into water, or which fly off as it cools, in consequence 
of the rapid contraction of the metal. When these scales arc heated 
red-hot so as to ensure perfect oxidizement, they afford a black powder, 
specific gravity 6.4. Before the blowpipe, this oxide fuses when intensely 
heated by the tip of the flame, upon charcoal ; by the interior of the 
flame it readily affords a globule of metal. It dissolves in the acids, and 
is the basis of all the common salts of copper. When alkalis arc 
dropped into its solutions, they throw it down in the form of a bulky 
blue hydrate^ which, however, is not permanent at a boiling heat, but 
becomes black and anhydrous. This oxide of copper is not soluble in the 
liquid fixed alkalis ; but when carbonate of potassa or of soda are fused with 
it, it expels carbonic acid, and combines to form a blue or green com- 
pound. Its combination mth ammonia will presently be noticed. It 
communicates a green, and sometimes a blue tint to vitreous compounds ; 
and Sir H. Davy has shown that it is the basis of certain colours used by 
the ancients, which have been supposed to contain cobalt. (JPhil. Trans.^ 
1815.) It consists of 

Proust. Perrcliiis. (Say Lumoc. * 

Copper . . . 1 . . 32 . % 80 . . 80 . . 80.13 . . 80.28 

Oxygen . . . 1 . . 8 . . 20 . . 20 . . 19.87 • • 19.72 

1 40 100 100 100.00 100.00 

This oxide is sometimes considered as a deutoide 0)9 and the 

dioxide as a protoxide: in this case 64 becomes the equivalent of copper. 
Gmelin and Berzelius, however, regard the salifiable oxide as the proU 
oxide^ or as constituted of 1 atom of copper and 1 of oxygen : Turner 
also has adopted this view, and urges in favour of it, 1. that the general 
characters of a suboxide belong to the red oxide : 2. that the equivalent 
of copper deduced from its sp. heat (p. 149) is 32; and 3. that the salts 
of the black oxide of copper are isomorphous with those of the prot- 
oxide of iron ; which, he says, gives a strong presumption that ^ose 
oxides possess the same atomic constitution. To these arguments it may 
be added that the electrochemical equivalent of copper appears to be 32* 
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OoppRii AND Chlorine.— G aseous chlorine acts upon copper with 
great energy, and produces two chlorides ; the one a comparatively fixed 
fusible substance, which is the dichloride : the other a volatile yellow 
substance, which is a profochloride, 

Dichlouide op Copper {^CU+C) was first described by Boyle in 
1666, under the name of Rosin qf Copper, It may be obtained by 
exposing copper-filings to the action of chlorine not in excess: or by 
evaporating the solution of dioxide of copper in muriatic acid, and 
heating the residue in a vessel with a very small orifice ; or by heating 
the protochloride in the same way. It is also the residue of the 
distillation of a mixture of two parts of corrosive sublimate and one 
of copper-filings. It is insoluble in water, but soluble in muriatic arid, 
from which potassa throws down the dioxide. When water is added to 
its muriatic solution, it is thrown down in the form of a white granular 
hydrate: its colour varies, being generally dark-brown; but if fused 
and slowly cooled, it is yellow, translucent, and crystalline. It consists of 

J. Davy. 

Copper .... 2 . . 04 . . 64 

Clilorine .... 1 36 . . 36 

1 100 100 

Hydrated Dichloride op Copper ; Submuriate op Copper. When 
moistened dichloride of copper is exposed to air it acquires a greenish 
white colour, and becomes converted into a compound of chloride and 
oxide of copper, which has been termed submuriatc qf copper^ or 
Brunswick green: the same compound may be formed by adding 
hydrated oxide of copper to a solution of the muriate ; or by exposing 
to the atmosphere slips of copper partially immersed in muriatic acid. 
This compound consists, according to John Davy, of 4 atoms of protoxide 
of copper, 1 of muriatic acid, and 3 of water. 

Native Suhmuriate qf Copper is found in Peru and Chili, some- 
times in the form of green sand, and sometimes massive and crystallized. 
The green sand was found in the river Lipas, in the desert of Atacama, 
separating Peru from Chili ; hence mineralogists have termed this variety 
Atacamite. Muriate of copper has also been found upon some of the 
lavas of Vesuvius. The primitive form of this substance is an octoedron. 
It is of a deep-green colour, and contains, according to Dr. Davy's analysis, 
73 oxide of copper, 16.2 muriatic acid, and 10.8 of water. 

CnLORiDE OF Copper (CW+C) may be formed by dissolving prot- 
oxide of copper in muriatic acid, and evaporating to dryness by a heat 
below 400°. It is soluble in water, producing a solution, from which 
potassa precipitates the hydrated protoxide ; its colour is yellow, but it 
becomes white and afterwards green when exposed to heat and moisture. 
Exposed to a red- heat in a tube with a very small orifice, gaseous chlorine 
is expelled, and it becomes a dichloride. It readily absorbs ammonia, 
and forms a blue pulverulent mass. It consists of 

J. Davy. 

Copper ... I . . 32 . . 47 . . 47 

Chlorine ... 1 . . 36 . . 53 • • 53 

7 eT 100 100 
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Hyobatbd Chloride op Copper: Muriate of Copper. Muriatic 
add acts iirith difficulty on metallic copper, except it be concentrated 
and boiling ; but it readily dissolves the protoxide, forming a brown or 
grass- green solution, according to its state of dilution. By carefully 
eraporating and cooling this solution, it crystallizes in prismatic paral- 
lelepipeds which are deliquescent, and very soluble in water and alcohol. 
Mr. Kane has shown the curious fact, that the hydrated chloride or 
muriate of copper may be obtained by the action of muriatic acid upon 
crystallized sulphate of copper. {Phil. Mag. and Ann.^ April, 1836.) 

Chlorate OF Copper (Cu+CO Is a blue-green deliquescent salt, dif- 
ficultly crystallizable, formed by dissolving peroxide of copper in chloric 
acid. A piece of paper dipped into its solution, bums with a remarkable 
green fiame. (Vauquelin.) This salt is formed, according to Chenevix, 
by passing chlorine through a mixture of oxide of copper and water. 

Iodide op Copper (CM-fZ) is precipitated from solutions of the 
metal by hydriodic acid. It is brovrn and insoluble. 

Iodate of Copper. (Cu+Z^) When solution of iodate of potassa 
is added to solutions of copper, an insoluble iodate of copper is thrown 
down. 

Bromide of Copper has not been examined. 

Fluoride of Copper. When hydrated dioxide of copper is added to 
hydrofluoric acid, and evaporated out of the contact of air, a fusible 
compound of a black colour, while iiot, but becoming red as it cools, is 
obtained, which is a difluoride of copper. It forms a dark solution in 
hydrofluoric acid, and is precipitated white by water, but becomes red 
when collected upon a filter. When carbonate of copper is dissolved in 
hydrofluoric acid, carbonic acid is evolved, and an insoluble compound is 
at length formed, the properties of which are not very explicitly detailed 
by Berzelius, ivho alone has examined this and the preceding compound. 

Nitrate of Copper. (Cu+71^.) Nitric acid, diluted with three 
parts of water, rapidly oxidizes copper, evolving nitric oxide, and ulti- 
mately forming a bright-blue solution, which affords deliquescent prismatic 
ciystals on evaporation, of a fine blue colour, and very caustic. They 
contain a considerable portion of water, which causes them to liquefy at 
a temperature below 212^. At a higher temperature they lose water 
and acid, becoming a subnitrate^ and are entirely decomposed at a red- 
heat. The anhydrous nitrate of copper consists of 

Oxide of copper ... I . . 40 . . 42.5 

Nitric acid .... 1 • . 64 . . 57.6 

1 04 100.0 

The quantity of water contained in the crystallized nitrate has not been 
satisf^torily determined. Potassa forms, in the solution of this nitrate, 
a bulky blue precipitate of * hydrated oxide of copper^ which, as already 
observed, when boiled in potassa or soda, becomes black from the loss 
of its combined water. When nitrate of copper is coarsely pow- 
dered, sprinkled with a little water, and quickly rolled up in a sheet 
of tin-foil^^ there is great heat produced, nitrous gas is rapidly evolved, 
and tlm miMl' ofilen takes fire. (Higgins, PhU. Trans.^ Ixiii.) If 
ammma be added to solution of nitrate of copper, it occasions a preci- 
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pitaie of the hydrated oxide ; but if it be added in excess, the precipi- 
tate is redissolyed, and a triple ammmio-nitrate of copper is produced. 
It is a soluble crystallizablo salt, which detonates slightly when heated. 

Subnitrate of Copper. When caustic potassa, not in excess, is 
added to solution of nitrate of copper, or when the salt is carefully heated 
so as to expel part of its acid, and the residue washed, there remains an 
insoluble pale green salt, composed of 


Oxide of copper 

5 

.. 200 

. . 66.89 

Bvrz(>liu». 

. . 66.0 

ProiiMt. 

.. 67 

Nitric acid . . 

1 

. . 54 

. . 18.06 

. . 18.9 

16 

• • • 

6 

. . 45 

. . 15.05 

15.1» 

.. 17 


1 

299 

100.00 

100.0 

100 


Ammoniuret of Oxide op Copper ; Cuprate op Ammonia. If 
oxide of copper be digested in ammonia it is dissolved, forming a 
bright-blue solution, which, by careful evaporation, affords dark blue 
crystals. A mixture of lime, sal-ammoniac, and water, placed in a 
copper vessel, or mixed with oxide of copper, also affords a deep blue 
liquor in consequence of the action of the ammonia on the oxide of 
copper. This solution is the Aqua Sapphirina of old pharmacy. 

The dioxide of copper also dissolves in ammonia, but the solution is 
colourless ; if it be exposed to air it becomes blue. This may be well 
shown by filling a tall glass with liquid ammonia, and adding a few drops 
of solution of the dichloride of copper; the liquid presently acquires a blue 
colour upon the surface, but remains for some time colourless below. If 
clean copper-filings be digested in a well-stopped phial with liquid 
ammonia, a colourless solution of the dioxide is also formed, which becomes 
blue on momentary exposure to air. When these ammoniacal solutions 
are very copiously diluted, or when potassa is added to them, they are 
decomposed, and hydrated oxide of copper falls. 

Copper and Sulphur; Disulphuret op Copper, (2CW-I-S,) may be 
formed artificially, by heating a mixture of copper-filings and sulphur : 
as soon as the latter melts, a violent action ensues, the copper becomes 
red-hot, and a black brittle compound is formed. It may also be pro- 
duced by fusing sulphur with oxide of copper. It is soluble in muriatic 
acid, with the evolution of sulphuretted hydrogen ; and in nitric acid, 
with the separation of sulphur. It consists of 

Rerselius. Vanqaelin. 

Copper . . 2 . . 64 . . 80 . . 79.73 . . 78.69 

Sulphur . . 1 .. 16 .. 20 .. 20.27 .. 21.31 

1 80 100 100.00 100.00 

Native Disulphuret of Copper; Vitreous Copper. This ore of cop- 
per is chiefly found in primitive countries. In England, it occurs in 
great beauty, crystallized and massive, in Cornwall, and in Yorkshire. 
Its colour is gray; its lustre shining and metallic; and it yields easily to 
the knife. Its primitive form is a six-sided prism, which passes into the 
dodecaedron with triangular faces, and various modifications of it. A 
variety of black sulpkuret qf copper^ containing iron and arsenic, has been 
described by Messrs. W. and B. Phillips, under the name of Tennanfye; 
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its most ordinary form is the rhomboidal dodecaedron, either perfect or 
variously modified. (Quarterly Journal of Science and AriSy vii., 95.) 

SuLPHURET OP Copper. {CU + S.) This compound cannot be formed 
by fusion, but it is thrown down when sulphuretted hydrogen is passed 
through a solution of protoxide of copper: the precipitate is at first brown, 
but becomes black, and when dried assumes a greenish hue. In this 
state it reddens moistened litmus paper, and when heated gives off a 
little water and sulphurous acid, and sulphur, and the disulphuret 
remains. It is insoluble in potassa, and in the sulphuretted alkalis. It 
consists of 

Copper . 1 . . 32 . . 60 

Sulphur . . . 1 . . 10 . . 50 

1 48 100. 

Ferrosulphurets of Copper. Copper Pprites^ or Yellow Copper 
Ore^ is the most important and generally occurring ore, from which the 
largest proportion of the copper of commerce is derived; it occurs in a 
variety of forms, its primitive crystal being the regular tetraedron. The 
Cornish mines are very productive of this ore, and it is the principal pro- 
duct of the Parys mountain mine in Anglesoa. A beautiful iridescent 
variety occurs in the Ecton mine in Staffordshire. The composition of 
the different varieties of copper pyrites, appears in all cases to be sulphur, 
copper, and iron. The variegated copper Mr. Phillips regards as a com- 
pound of 1 proportional of sulphuret of iron, 2 proportionals of sulphuret 
of copper. {Ann. of Phil.^ iii., 87.) 

The^cZ/ow copper ore is also a double sulphuret of iron and copper: 
and, omitting the small portion of lead and arsenic with which it is usually 
contaminated, it may be considered as a compound of 2 proportionals of 
sulphuret of iron, 1 proportional of sulphuret of copper. (Phillips, Ann. 
of Phil.^ iii., 301.) 

Reduction of Copper Ores. The following is an outline of the pro- 
cess by which these ores of copper are reduced, as carried on upon a very 
laige scale near Swansea, where the chief part of the Coniish ores are 
brought to the state of metal. The ore, having been picked and broken, 
is heated in a reverberatoiy furnace, by which arsenic and sulphur are 
driven off. It is then transferred to a smaller reverberatory, where it is 
fused, and the slag which separates, being occasionally removed, is cast 
into oblong masses used as a substitute for bricks. The impure metal 
collected at the bottom of the furnace is granulated by letting it run into 
water; it is afterwards remelted and granulated two or three times suc- 
cessively, in* order further to separate impurities, which are chiefly sulphur, 
iron, and arsenic, and ultimately cast into oblong pieces called pigs, which 
are broken up, roasted, and lastly melted with a portion of charcoal in 
the refining furnace. Malltobility is here conferred upon the copper, and 
its texture improve^p by stirring the metal with a pole of green wood, 
generally birch, which, causes gteat ebullition and agitation; assays are 
occasioz^y taken out, and the metal, originally ciystalline and granular 
when cold, now becomes fine and close, so as to assume a silky polish 
when the assays are half cut through and broken. The metal is now 
caet into cakes about 12 inches wide by 18 in length. The whole process 
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of refining the cop^r, and toughening it by poling^ requires much care 
and attention; and if it be over-poled, the metal is even rendered more 
brittle than in its original state: the effect of poling has not been satis- 
factorily explained; it may consist in the separation of a small portion of 
oxide of copper, and the effect of over-poling may possibly depend upon 
the combination of the copper with a portion of carbon. Copper for brass 
making is granulated by pouring the metal through a perforated ladle into 
water; when this is warm, the copper assumes a rounded form, and is 
called bcan^shoi; but if a constant supply of cold water is kept up it 
becomes ragged, and is called feathered-shoL Another fovn into which 
copper is cast, chiefly for exports to the East Indies, is in pieces of the 
length of six inches, and weighing about eight ounces each: the copper is 
dropped from the moulds, immediately on its becoming solid, into a cis- 
tern of cold water, and thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called Japan Copper, 
A large quantity of copper is rolled into sheets and sheathings, both for 
export and home consumption. (For an excellent account of the reduc- 
tion of copper, as carried on in this countiy, the reader is referred to 
Mr. Vivian’s paper, Ann, of Phil,, N,S. , v., 113.) 

Hyposulphite op Copper (Cu-fS) was formed by Herschel by 
mixing hyposulphite of potassa with sulphate of copper. It is colourless ; 
of an intensely sweet taste; and, provided air be excluded, it is not turned 
blue by ammonia. {Edin, Phil, Journ,^ i., 24.) 

Sulphite of Copper (Cu + §) may be obtained by passing sulphurous 
acid into water, through which oxide of copper is diffused. Small red 
crystals are formed, composed of oxide of copper and sulphurous acid. 
(Chevrcul, Ann, de Chim,^ Ixxxiii., 181.) When sulphite of potassa is 
added to nitrate of copper a precipitate falls, which assumes the form of 
red and yellow crystals. The former are sulphite of copper; the latter a 
triple sulphite of potassa and copper, (Chevreul.) 

Hyposulphate OP Copper (CV+S') is formed by adding a solution 
of sulphate of copper to one of hyposulphate of baryta; it crysttallizes in 
small prisms, very soluble in water, but insoluble in alcohol, and slightly 
efflorescent. When a little ammonia is added to its solution a green 
powder falls, which is a suhhyposulphale^ composed of 4 atoms of oxide, 
1 of acid, and 4 of water. The crystallized neutral hyposulphate 
contains 

Heeren. 

Oxide of copper . . 1 . • 40 . . 27.03 . . 20.43 

Hy]iosulpliuric acid . . 1 . • 72 . • 48.65 . . 48 . 10 , 

Water 4 . . 36 . . 24.32 . . 26.47 

T 148 100.00 100.00 

Sulphate op Copper; Roman Vitriol; Blue Vitriol (Cu+^O* 
This salt is formed by dissolving peroxide of copper«in*diluted sulphuric 
acid. It crystallizes in rhomboidal prism's of a :^e blue colour, doubly 
refractive, and soluble in about 4 parts of water at 60®, and in 2 parts at 
212®. It may also be formed by boiling copper-filings in sulphuric acid; 
a process which furnishes abundance of sulphurous acid, but which is not 
generally had recourse to, to produce sulphate of copper. It is made updn 
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a large scale, by exposing roasted sulphuret of copper to air and moisture, 
and thus obtained, is impure, containing iron, and often zinc: it is the 
common blue vitriol of commerce. It is also obtained in laige quantities, 
and very pure, in certain processes afterwards to be described for refining 
gold and silver ; and it is occasionally prepared by dissolving in sulphuric 
acid a submuriate of copper manufactured for the purpose. When heated, 
it loses water of crystallization, x;rumbling down into a white or pale-blue 
anhydrous sulphate^ which reabsorbs moisture from the air, so as to 
reconstitute its crystalline proportion; at a higher temperature sulphuric 
acid is evolved, unmixed \nth sulphurous acid, and j>croxide of copper 
remains. It is the Vitriol^ or Salt of VenuSy of the alchymists. It is 
much used in the arts as a source of several blue and green colours. 
It has also been used to prevent smut in com, by steeping the grain in a 
dilute solution of the salt (Q,uart> Journ.^ xvi., loG); and minute quan- 
tities of it are occasionally added to bread (in Paris especially), to improve 
its colour and quality (Archives, G^de Medicine^ xxi., 145). In medi- 
cine, it is resorted to as a powerful ^ctic; and, in very minute doses, as 
a tonic. It is also a valuable external application. 

It may be employed to prevent dry rot by steeping timber or planks in 
its solution, and it is a powerful preservative of animal substances, which, 
when imbued with it, and dried, remain unaltered. The waters of copper- 
mines often hold it in solution, and, when decomposed by immersing in 
them pieces of iron, yield precipitated metallic copper. (Copper of cemen- 
tation.) Anhydrous sulphate of copper consists of 

Oxide of Copper ... 1 . . 40 . . 50 . . 50.9 

Sulphuric acid ... 1 . . 40 . . 60 . . 49.1 

1 80 100 lOO.O 

The crystallized sulphate of copper contains 

ProuBt. BerzeliiiB. 

Oxide of Copper . . 1 . . 40 • . 32 . . 32 . . 32.13 

Sulphuric Acid . . 1 . . 40 . . 32 . . 33 . . 31.67 

Water 5 . . 46 . . 36 . . 36 . . 36.30 

1 125 100 100 100.00 

Trisulphate op Copper. When a solution of sulphate of copper is 
precipitated by a small addition of potassa, a green, tasteless, insoluble 
powder falls, composed of 


Oxide of Copper . 

. 3 

120 

64.17 

64.22 

Sulphuric Acid 

. 1 

40 

21.39 

21.28 

Water .... 

. 3 

27 

14.44 

14.60 


1 

187 

100.00 

100.00 


Ammonia- SULPHATE of Copper. When mixed solution of sulphate 
of copper and sulphate of ammonia is evaporated, blue soluble crystals are 
obtained, compo||d of 

Betceliut MitBcherlieli. 


Ammonia . . . 

. 1 . 

. 17 

8.5 . 

. 1 . 

. 17 . 

8.14 

Oxide of Copper . 

. 1 . 

. 40 

. . 20.0 . 

. 1 . 

. 40 . 

. 19.14 

Sulphuric Acid . 

. 2 . 

. 80 

. . 40.0 . 

. 2 . 

. 80 . 

. 38.27 

Water .... 

. 7 . 

. 63 

. . 31.8 . 

. 8 . 

. 72 . 

. 34.46 


1 

200 

100.0 

T 

209 

100.00 
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When a solution of sulphate of copper is supersaturated by ammonia, 
so as to redissolve the precipitated oxide, dark-blue crystdSi may be 
obtained by very careful evaporation, forming the cuprum ammmiacale of 
pharmacy. Exposed to air they lose ammonia, and crumble down in a 
green powder: (a mixture of sulphate of ammonia and carbonate of 
copper.) They are soluble in 1.5 cold water, and insoluble in alcohol; 
the aqueous solution, largely diluted, deposits trisulphate of copper. The 
crystals consist of 

Berzelius. Brandet. 

Ammonia . . . . 2 . . 34 . . 27.64 . . 26.40 . . 21.42 

Oxide of Copper . . 1 . . 40 . . 32.52 .. 34.00 .. 33.08 

Sulphuric Acid . . 1 . . 40 . . 32.52 . . .32.25 . . 31.75 

Water 0 . . 7.32 . . 7-35 . . 13.35 

1 123 100.00 100.00 99.60 

Sulphate op Copper and Potassa is a double salt, formed by digesting 
peroxide of copper in bisulphate of j^^Nnssa. It crystallizes in rhomboids 
of a pale-blue colour, and consists of one proportional of sulphate of 
potassa, one of persulphate of copper, and six of water. 

Phosphuret op Copper is most easily made by drop]»jng 

pieces of phosphorus on red-hot copper- wire. It is more fusible than 
copper. Its specific gravity is 7-12. Pelletier found it composed of 100 
copper + 20 phosphorus. 

Neither the hypophosphite nor phosphite of copper have been examined. 

Phosphate op Copper. When solutions of sulphate of copper and 
phosphate of soda are mixed, a bluish-gi‘een insoluble powder falls, which 
is probably a hydrated suhphosphate^ composed, according to Chenevix, 
{Phil. Trans.y 1801,) of 49.5 oxide, 35 acid, 15.5 water. 

Native Phosphate of Copper has been found near Cologne. It is 
of a green colour, and forms small rhomboidal crystals. A specimen, 
analyzed by Mr. Lunn {Ann. of Phil.^ iii. 182), afforded, phosphoric 
acid, 21.687, peroxide of copper, 62.847, water, 15.454. It may, there- 
fore, be regarded as a hydrated tris^osphate of copper. ( 3 Cu +p '+ 35 ^.) 

Selbniuret op Copper {CU + Se) is formed by •heating copper- 
filings with selenium: they act with intense ignition, and a black brittle 
compound results. 

Selenite op Copper. When a hot solution of sulphate of copper is 
mixed with bisclenite of ammonia, a precipitate falls, at first yellow, but 
which afterwards becomes greenish-blue and crystalline. When sulphate 
of copper is decomposed by selenite of ammonia, with excess of ammonia, 
a green diselinite is precipitated. 

Carburet op Copper. The pale yellowish-red and fibrous copper, 
(overpoled,) appears to contain carbon. (Vivian, Ann. of Phil.^ v., 121 .) 

Carbonates op Copper. When hot solutions of copper are precipi- 
tated by the carbonated fixed alkalis, a bulky hydrat^ dicarbonate of 
copper^ of a green colour, falls: its tint, when intended Tor a pigment, is 
improved by repeated washing with boiling water*. When native, it is 

known under ther name of malachite. It consists of 

✓ 

* This substance is generally sold in the shops under the name of mineriU green^ 
or green verditer. 

2 z 
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NhUvo ArUOcUI. 

" , 

PhiUipt. Klaproth. Vauqutlin. BerMlIut Prouat. 

Oxide of Copper 2 . 80 . 72.07 . 72*2 . 70.6 . 70.00 . 71.70 . 09.6 

Carbonic Acid 1 . 22 . 19.82 . 18.5 . 18.0 . 21.26 . 19.73 • 25.0 

Water . . . 1 • 9 . 8.11 . 9,3 • 11.6 . 8.76 . 8.67 . 6,6 

1 lli 100.00 100.0 100.0 100.00 100.00 100.0 

When it is long boiled in water, or when carefully heated, it becomes of 
a deep-brown colour, and anh^drous^ consisting, in that state, which 
occurs native^ of 

Thnmson. 

Oxide of Copper . . 2 . . 80 . . 78.43 . . 78.42 

Carbonic Acid ... I . . 22 . . 21.67 . . 21.58 

1 102 100.00 100.00 

When a cold dilute solution of sulphate of copper is decomposed by car- 
bonate of potassa, a blue precipitate falls, which, by careful management 
during drying, retains its blue colour, and is known in commerce under the 
name of blue verditer*. It generally contains a little lime. (Phillips, Quart. 
Jour., iy. 2770 differs from the green carbonate, according to Colin 
and Taillefert, (Ann. de Chim. et Phys., xii., 62,) in containing more 
water. It appears to be a compound of 

IMiilKp.. Klaproth. Vauqiirlin. MloUat. 

Native. Artiliciat, Native. Native. ArtifleiaL 

Oxide of Copper 3 . 120 . 69.37 • 69.08 . 67.6 . 70 . 68.75 . 69.7 

Carbonic Acid 2 . 44 . 25.43 . 25.46 . 24.1 . 24 . 25.00 . 30.0 

Water . . . 1 . 9 . 5.20 . 5.46 . 5.9 . 6 . 6.25 . .3.3 

Impurities 2.4 7.0 

Native Carbonates op Copper. Malachite, or the green hydrous 
carbonate, is found in various forms, but never regularly crystallized, the 
octoedral variety being a pseudo-crystal derived from the decomposition 
of the red oxide. TTiis mineral occurs in the greatest beauty in the 
Uralian mountains of Siberia ; it is rarely found in Cornwall. It is 
of various shades of green, and often cut into small slabs, or used as beads 
and brooch-stones. The pulverulent variety has been termed chrysocoUa 
and mountain-grlen. The blue carbonate is found in great perfection at 
Chessy, near Lyons ; also in Bohemia, Saxony, &c. It occurs crystallized 
in rhomboids and imperfect octoedra; it also is found in small globular 
masses; massive, and earthy. The earthy variety is sometimes called 
copper-azure or mountain-blue. The Dioptase or Copper Emerald is a 
very rare mineral, hitherto found only in Siberia, associated with mala- 
chite. It consists, according to Lowitz, of oxide of copper, silica, and 
water. 

Borate of Copper. Solution of borax, poured into sulphate of 
copper, produces a bulky pale-green precipitate of borate of copper. 

* There is a v||y inferior pigment, and nearly dried upon a strainer; then 
also called eerdt/^^^hich is a mixture incorporate with it from 8 to 10 'per cent, 
of subsulphate of copper and chalk. Ac- of fresh lime, which will give it a blue 
cording to Pelletier, a good verditer may colour, and dry it carefully. According 
be obtained as follows: Add a sufficient to Mr. Chenevix, the alkaline carbonates 
quantity of lime to nitrate of copper to dissolve a portion of the peroxide of 
throw down the hydrated oxide; it gives copper, and form triple salts, 
a greenish preripitate that is to be washed 
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Dioyamuret OP Copper Hydrocyanic acid and hydro- 

cyanate of potassa throw down a white curdy precipitate, in the solution 
of dichloride of copper. A similar compound is obtained by the action of 
dilute hydrocyanic acid upon hydrated dioxide of copper; it is soluble in 
ammonia, and the solution is colourless; it is also soluble in muriatic acid, 
and precipitated by dilution, and by potassa: it combines with other 
metallic cyanurets, forming a class of cuprocyanurets* 

Cyanuret op Copper (CW+Cy) is formed by digesting hydrated 
oxide or carbonate of copper, in dilute hydrocyanic acid: it is a yellow 
powder, insoluble in water, soluble in muriatic acid, and again preci- 
pitable by dilution. 

Cuprocyanuret of Potassium. Cyanuret of copper, digested in a 
solution of cyanuret of potassium yields a yellow solution, from which 
small yellow transparent prismatic crystals may be obtained, of a bitter 
metaHic taste. This salt is not altered by the alkalis, but acids precipi- 
tate cyanuret of copper from it, which excess of acid afterwards dissolves 
with the evolution of hydrocyanic acid. (Ittner.) According to L. Gmelin 
{Handhuch^ Art. Kupfer) these crystals, if obtained from oxide (and 
not from dioxide) of copper, are a cupro dicyanuret of potassium; 
for during the solution of oxide of copper in cyanuret of potassi'im, 
cyanogen is evolved, and the solution yields a white curdy precipitate of 
dicyanuret of copper on the addition of muriatic acid. When a solution 
of this cuprocyanuret is added to other metallic solutions, an interchange 
ensues between the potassium and the metal in the solution, and double 
cyanurets are formed, in which one of the metals is always copper: the 
precipitate with gold is green; with silver^ dark-brown; with protosalts 
of iVow, greenish-yellow; with the persalts of iron the precipitate is only 
a mixture of cyanuret of copper with peroxide of iron; with lead^ pale- 
green ; with zi/ic, bismuth^ and manganese^ pale-yellow. Acids decompose 
these precipitates, dissolving them, and evolving hydrocyanic acid; the 
compound with iron yields, protocyanuret of iron, which becomes bluer by 
exposure to air. All the ssdts of tin yield mere mixtures of cyanuret of 
copper and oxide of tin: the relative proportion of the copper to the 
other metals, in these compounds, has not been accurately determined. 
(Berzelius.) 

Ferrocyanurbt of Copper is thrown down by ferrocyanuret of 
potassium, from the solutions of oxide of copper, in the form of a rich- 
brown powder, which has been used as a pigment: it is partially soluble 
in ammonia; insoluble in acids; and decomposed by caustic potassa. 
Cold concentrated sulphuric acid whitens it, but, on the addition of watery 
it again becomes brown. Ferrocyanuret of potassium is so delicate a test 
of the salts of copper, that it will distinctly detect one part of that metal 
in 60,000 of the solution. 

Disulphocyanuret of Copper is formed by digestii^ hydrated prot- 
oxide of copper with sulphocyanuret of potassium, in acidulated water: 
the compound is white, insoluble in water and in acids, and very com- 
bustible: caustic alkali separates hydrated protoxide from it. 

Sulphocyanuret of Copper yields a green solution with water; it is 
decomposed by many deoxidizing agents, which precipitate the dhralpho^ 
cyanuret, and evolve free sulphocyanic acid. 


3 z 8 
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Alloys of Copper. Many of* the alloys of copper are ^important. 
With gold it forms a fine yellow ductile compound, used for coin and 
ornamental work. Sterling or standard gold consists of 1 1 gold -f 1 
copper. The specific gravity of this alloy is 17.157. With silver it 
forms a white compound, used for plate and coin. (See Gold and Silver^ 
&c.) Lead and cojrper require a high red-heat for union ; the alloy is 
gray and brittle. Of the alloys of copper with the preceding metals the 
most important are brass and bell-metaL It forms white compounds 
with potassium and sodium; a reddish alloy with manganese; and a 
gray one with iron. 

Brass is an alloy of copper and zinc. The metals are usually united 
by mixing granulated copper with calamine and charcoal : the mixture 
is exj)osed to heat sufficient to reduce the calamine and melt the alloy, 
wbicli is then cast into plates. The relative proportions of the two 
metals vary in the different kinds of brass ; there is usually from 1 2 to 
18 per cent, of zinc. Brass is very malleable and ductile when cold ; 
and its colour and little liability to rust recommend it in preference to 
copper for many purposes of the arts : its specific gravity varies from 
7.8 to 8.4. According to Sage, a very beautiful brass may be made 
by mixing 50 parts of oxide of copper, 100 of calamine, 400 of black 
flux, and 30 of charcoal-powder; melt these in a crucible till the blue 
flame is no longer seen round the cover; and, when cold, a button of 
brass is found at the bottom, of a golden colour, and weighing one- 
sixth more than the pure copper obtained from the above quantity of 
oxide. 

The analysis of brass may be performed by solution ki nitric acid ; 
add considerable excess of solution of potassa, and boil, which will dis- 
solve the oxide of zinc and leave that of copper ; wash the latter, and 
dry and heat it to redness: 100 parts indicate 80 of copper. The zinc 
in the filtered alkaline solution may be precipitated by carbonate of soda, 
having previously added a small excess of muriatic acid ; wash this pre- 
cipitate, dry it, and expose it to a red-heat ; it is then oxide of zinc, 
100 parts of which indicate 80 of metal. But as, in this process, the 
whole of the oxide of zinc is not easily removed by the alkaline solution, 
Mr. Keates recommends the following as a preferable operation : Dis- 
solve the brass in dilute nitric acid, evaporate to dryness, and redissolve 
in excess of dilute sulphuric acid ; filter, to sepanite sulphate of lead, if 
any be present ; dilute the solution, heat it to its boiling-point, and in- 
troduce three polished cylinders of iron, each about an inch long and a 
fourth of an inch diameter; continue the boiling till the solution becomes 
colourless, and when tested by a clean plate of iron shows no trace of 
copper. Filter the solution while hot, and wash the precipitated copper 
first ytith Tery dilute sulphuric acid, and afterwards with boiling water; 
dry it, and fuse it into a button in a crucible covered with charcoal- 
powder. Boil the filtered solution with the addition of some nitric acid 
to peroxidize th^iron, and nearly neutralize by carbonate of soda ; then 
add excess of ammonia, to throw down the peroxide of iron, which 
separate by filtration. Add muriatic acid to the filtered ammoniacal 
solution, evaporate to dryness, and heat in a silver crucible to drive off 
muriate of ammonia; dissolve the residue in muriatic acid, and precipi- 



ALLOYS OF COPPER. 709 

tate by excess of carbonate of soda ; wash, dry, and ignite the precipitate, 
which reduces it to the state of oxide of zinc. 

Tutenag is said to be an alloy of copper, zinc, and a little iron ; and 
Tombac^ Dutch Gold^ Similor^ Prince Rupert*s Metals and Pinchbeck^ are 
alloys containing more copper than exists in brass, and consequently 
made by fusing various proportions of copper with brass. According to 
Wi^gleb, Manheim Gold consists of 3 parts of copper and 1 of zinc. A 
little tin is sometimes added, which, though it may improve the colour, 
impairs the malleability of the alloy. An alloy of 576 parts of copper, 
59 of tin, and 48 of brass, is equal to brass in hardness, and may be 
worked with the same facility; it was used by Mr. Bate for the new 
standard measures, as being less liable than brass to oxidizement. {Phil. 
Trans.^ 1826, part ii., p. 9.) 

Speculum Metal is an alloy of copper and tin, with a little arsenic ; 
about 6 copper, 2 tin, 1 arsenic. On this subject the reader is referred 
to Mr. Edwards’s experiments. (Nicholson’s Journal^ 4to., iii.) Mr. 
Little recommends 32 parts of best bar copper, 4 of brass . pin- wire, 
164 tin, and I-]- of arsenic. He first melts the brass, and adds about 
its weight of tin ; wdien this is cold, the copper, previously fused with 
black flux, is added; then the remainder of the tin; and, lastly, the 
arsenic. This mixture is granulated, and again fused for casting. 

Bell Metal and Bronze are alloys of copper and tin ; they are harder 
and more fusible, but less malleable, than copper ; the farmer consists of 
3 parts of copper and 1 of tin ; the latter of from 8 to 12 of tin with 
100 of copper. A little zinc is added to small shrill bells. Bronze is 
softened in ^texture when heated and then suddenly cooled; heating 
afterwards hardens it : these effects are the reverse of those produced 
upon steel. 

The analysis of alloys of tin and copper may be performed by diges- 
tion in nitric acid, which dissolves the copper and converts the tin into 
insoluble peroxide, which, when washed and dried, consists of 78.4 tin + 
21.6 oxygen. The cupreous solution may be decomposed by potassa, and 
the pure peroxide of copper indicates the quantity of that metal, as in 
the analysis of brass. 

Tinned Copper. Vessels of copper used for culinary purposes are 
usually coated with tin, to prevent the food being contaminated with 
copper. Their interior surface is first cleaned, then rubbed over with 
sal-ammoniac. The vessel is then heated, a little pitch spread over the 
surface, and a bit of tin rubbed over it, wdiich instantly unites with and 
covers the copper. 

Characters op the Salts op Copper. ITic cupreous salts are nearly 
all soluble in water, and of a blue or green colour. Ammonia produces 
a compound of a very deep blue, when added in excess to these solu- 
tions; hydrosulphuret of ammonia forms a black precipitate. Ferro- 
cyanuret of potassium is also an excellent test of the presence of copper ; 
it produces a brown cloud in solutions containing the minutest portion 
of the oxide. 

The metallic precipitation of copper from its solutions is efiTected by 
zinc, iron, cadmium, tin, lead, and cobalt, and, under certain circumstances, 
feebly by bismuth. The copper seldom appears in a clean metallic state, 
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but is mostly alloyed by the precipitating metal, or mixed with other pro- 
ducts. The different salts of copper are in this way differently affected. 
Nitrate of copper, for instance, is reduced by zinc, lead, cadmium, and 
tin, but when quite neutral, and out of the contact of air, iron very 
imperfectly and slowly acts upon it. In a common acid solution of the 
nitrate a plate of iron becomes immediately covered with copper; Cobalt 
acts veiy slowly, and bismuth only when heated in the solution, and then 
imperfectly. The reduced copper appears with its metallic lustre and 
peculiar colour only upon cobalt, lead, and iron; with the other metals 
it forms alloys of a brown or black colour. With tin, the oxide of that 
metal is also precipitated. Sulphate of copper is reduced by the other 
metals much in the same way as the nitrate iron first becomes covered 
by pure copper, after which the precipitation of a subsalt of iron gives it 
a hroym colour. The action of lead upon solution of sulphate of copper 
is very feeble; cobalt acts rapidly, and becomes coated with clean copper. 
The precipitate upon tin is accompanied by sulphate of tin, in the form 
of a white shining powder, but if air be excluded, protosulphate of tin 
remains in the solution, with a portion of sulphate of copper: in such 
cases the whole of the copper is never separated. Chloride of copper is 
easily decomposed by iron, tin, zinc, cadmium, and coba)^, and slowly by 
lead, provided the solution be not acid. The ammoniacal solution of 
oxide of copper is only reduced by zinc, iron, and cadmium, not by tin, 
lead, or cobalt. ^Zinc is by far the most effectual precipitant of copper. 

Before the blowpipe oxide of copper is not altered by the exterior 
flame, but becomes suboxide in the interior. With both microcosmic 
salt and borax it forms a yellow-green glass while hot, but wliich becomes 
blue-green as it cools. When strongly heated in the interior flame, it 
loses its colour, and the metal is reduced. If the quantity of oxide be so 
small that the colour is not perceptible, its presence may be detected by the 
addition of a little tin, which occasions a reduction of the oxide to sub- 
oxide, and produces an opaque red glass. If the oxide has been fused 
with borax, this colour is longer preserved; but if with microcosmic salt, 
it soon disappears by a continuance of heat. The copper may also be 
precipitated upon iron, but the glass must be first saturated with iron. 
Alkalis or lime promote this precipitation. If the glass, containing 
copper, be exposed to a smokj^%^e, the copper is superficially reduced, 
imd the glass covered while hot with an iridescent pellicle, which is not 
always permanent after cooling. It is very easily reduced by soda. 
Salts of copper, when heated before the blowpipe, give a fine green flame. 

The presence of oi]||pic substances in solutions of copper materially 
interferes in some cases with the action of reagents, and as, in consequence 
of the use of copper vessels for culinary purposes, the contamination of 
food by this poisonous metal is not uncommon, it often requires Ininute 
attention in judicial inquiries. ' (See Christison on Poisons^ Art. Copper ; 
and Bose's Analytical Chemistry^ translated by Griffin.) In these cases 
the suspected art^es must be evaporated to dryness, carefully incinerated, 
and the residue mated by a little nitric acid : in this way a solution of 
mtrate of copper may be obtained, upon whid^ the ordinary tests will act. 
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§ XVI. LEAD. 

The natural compounds of this metal are very numerous. The most 
important is the sulpkuret^ from which the pure metal is chiefly pro- 
cured. Lead is also found combined with carbonic, sulphuric, phos- 
phoric, arsenic, molybdic,* and chromic acids, and with oxygen and 
chlorine. It seems doubtful whether lead ever occurs native^ that is, in 
a pure state. To obtain lead perfectly pure, it may be dissolved in nitric 
acid ; the solution evaporated to diyness ; the dry mass redissolved in 
water and crystallized ; these crystals heated strongly with charcoal afford 
the metal quite pure. 

Lead appears to have been known in the earliest ages of the world 
Its colour is blueish-white. It is remarkably flexible and soft, and leaves 
a black streak on paper. It melts at about 612°, and, by the united action 
of heat and air, is readily converted into an oxide. Its specific gravity 
is 11.4. At common temperatures and in its ordinary state it undergoes 
little change by mere exposure to aii*, and is generally but slowly acted 
on by the joint agency of air and water ; but when in a state of very f ne 
division, as it isj^btained diffused through charcoal, by exposing tartrate 
qf lead to a red-heat in close vessels, it takes fire when brought into the 
contact of air. In distilled water, free from air, and in close vessels, a 
clean surface of lead remains bright; but, imder the sai|p circumstances, 
in open vessels, it soon tarnishes, small crystalline scales of oxide of lead 
are formed, a portion of which dissolves in the water, and is again slowly 
precipitated in the form of carbonate. A very minute trace of sulphuric 
acid, or of a soluble sulphate, in the water, entirely prevent^ this corro- 
sive effect, and hence it is that common spring-water is kept with con- 
siderable impunity in leaden cisterns*. But this point ought always^to 
be cautiously inquired and examined into, as very deleterious effects have 
occasionally arisen from the poisonous property of lead, held in solution 
by water. The means of detecting it are fortunately simple and delicate, 
as will appear from the details we are about to give ; an excellent and 
useful epitome of all that relates to the action of water on lead, will be 
found in Dr. Christison’s Treatise on Pqjisons^ (Art. Lead.) Exposed 
upon ignited charcoal to a current of oxfgen gas, lead boils and bums 
with a blue flame, throwing off dense yellow ^mes of oxide. It does 
not decompose water, at any temperature. The alchymists gave this 
metal the symbol and name of Saturn^ 1? . The equivalent of le^ is 104. 
(104, Omelin; 103.6, Turner.) m 

Oxides op Lead. There are four oxides of lead, but the protoxide 
only is a salifiable base. 

PiA)Toxide of Lead. {J)l -b O.) This oxide, which is often known 
under the name of Massicot^ may be obtained by exposing the gray 
powder which gradually forms upon the surfree of melted lead, to 
the further action of heat and air. It is also formed^y exposing pure 

* The cisterns should have wooden rapid corrosion, it bring in ftust distill^ 
and not leaden covers; in the latter case, water, and not therefbre prevented lii 
the vapour of the water below condenses its action by any saline matters, 
upon the cover, and often tends to its 
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nitrate, or subnitrate, or carbonate of lead, to a dull red-heat. When 
a solution of nitrate of lead is decomposed by an alkali, the white 
powder which falls is apparently a hydrated oxide. When the protoxide 
is heated it has a red colour, but in its ordinary state it is lemon or 
orange yellow, according to the mode in which it has been prepared. 
At a high red-heat it fuses, and forms, on cooling, a lamellar vitreous 
mass of a reddish-brown colour : this is often obtained in scales, imder 
the name of Litharge : according to Berzelius, it absorbs carbonic acid 
slowly from the air, and gradually acquires the property of dissolving 
in acids with effervescence. Protoxide of lead is soluble in potassa and 
soda, forming yellow liquids, which on evaporation deposit crystalline 
scales; it also dissolves in baryta, and sparingly in lime-water: this 
solution has been recommended as a black stain for the hair. When 
fused with the earths and metallic oxides, it forms vitreous and fusible 
compounds, hence its use in the manufacture of glass ; hence also the 
readiness with which it corrodes common crucibles when it is kept for a 
sufficient time in fusion in them. Heated with charcoal, this oxide is 
easily reduced to the state of metal ; it is also reduced, when heated in 
hydrogen gas. It consists of 

Dbbereiner. Vauquelin. J. Davy.. Proust. Richter. 

Lead 1 . 104 .* 92.857 . 93.02 . 93 . 92.85 . 91 . 88.5 

Oxygen 1 . 8 . 7.J43 . 0.98 . 7 . 7-15 . 9 . 11.5 

1 112 100.000 100.00 100 100.00 100 100.0 

Deutoxide OP Lead: Binoxide of Lead: Sesquioxide of Lead: 
Bed-Lead : Minium. This substance, which is well known as a common 
red pigmedt, is made by exposing protoxide of lead to the action of 
heat and air, so as to oxidize, without fusing it ; it gradually acquires a 
fine red'Colour, the brilliancy of which goes off by exposure to light. 
To obtain it of a brilliant colour it requires to be made in large quan- 
tities and with several precautions. The method formerly employed in 
Derbyshire is described in Watson's Chemical Essays, This oxide is 
not salifiable, but the acids convert it into protoxide and peroxide ; they 
combine with the former, and leave the latter in the form of an insoluble 
brown powder. Minium, upon the strength of the following analyses, 
has generally been regarded as a sesquioxide^ but, according to Dumas, 
it is of variable composition. (^Ann. de Chim, et Phys.^ xlix., 398.) 


Berzelius. Vauquelin. Richter. 


Lead . . 

. 1 

. 104 

. . 89.66 

. . 90 . 

. 91 . . 

. 83.34 

Oxygen 

. li . 

. 12 

. . 10.34 

. . 10 . 

9 . . 

. 16.66 


1 

116 

100.00 

100 

100 

100.00 


Peroxide of Lead {pi + 2 O) is obtained in the form of an insoluble 
brown powder by digesting minium in nitric acid, or by passing chlorine 
through minium diffused in water, or through a solution of acetate of 
lead, and thoroii||j|^ly washing the product in hot water to remove the 
chloride of lead. At a red-heat it gives off oxygen, and is converted into 
protoxide. Digested in liquid ammonia, a mutual decomposition takes 
place, and water and nitrate of lead are formed. Triturated with a fifth of 
its weight of sulphur, it inflames spontaneously. With muriatic acid, it 
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famishes chlorine and chloride of lead. It readily absorbs sulphurous 
acid, and forms with it sulphate of lead. According to Vogel, it becomes 
red-hot when acted upon by pure sulphurous acid gas. It consists of 

Borzolius. 

Lead ... 1 . . 104 . . 86.66 . . 86.51 

Oxygen . . 2 . . 16 . . 13.34 . . JL3.49 

1 120 100.00 100.00 

Dioxide OP Lead. (ajoZ + O.) When oxalate of lead is heated to 
dull-redness in a small retort, carbonic oxide and carbonic acid are 
evolved, and a dark-gray powder remains, which is resolved by acids 
into protoxide and metallic lead, and which, according to Dulong, is a 
definite suboxide. The gray powder with which lead that has been long 
exposed to air, especially if heated, becomes covered, is, according to 
Berzelius, similar in composition. Boussingault finds that mercury, 
triturated under water with this oxide, abstracts no lead from it, and 
therefore infers that it is not a mixture of metallic lead with the prot- 
oxide, notwithstanding its resolution into such a mixture by sulphuric, 
muriatic, and acetic acids, (Ann. de Chim. et Phyx.^ liv., 264), but that 
it consists of 

Lead ... 2 . . 208 . . 96.5 

Oxygen , . 1 . . 8 . . 3.5 

1 216 100.0 

Chloride OF Lead. (j9Z + C.) When laminated lead is heated in 
chlorine, the gas is absorbed, and a chloride of lead results. (J. Davy, 
Phil. Trans., 1812.) The same substance is obtained by adding 
muriatic acid to nitrate of lead ; it is white and fusible, and, on cooling, 
forms a hornlike substance (plumbum corneum) of the specific gravity of 
5.13. It does not absorb ammonia. (Faraday.) It volatilizes at a high 
temperature provided air has access, in which case a portion of oxide of 
lead is formed. It dissolves in 30 parts of water at 60°, and in 22 at 
212°, separating, as its solution cools, in small anhy^ous acicular 
crystals, unchanged by exposure to air, and of a sweetish taste. It 
dissolves in dilute nitric acid ; it is insoluble in alcohol. A compound 
of chloride and oxide of lead is sometimes prepared by acting upon a 
solution of common salt by litharge ; solution of soda, and oxide and 
chloride of lead are formed ; this insoluble residue, when fused, is known 
under the name of patent-yellow ; when treated by nitric acid, it forms 
nitrate of lead, and a portion of chloride separates. A similar com- 
pound may be obtained by fusing together 1 part of chloride with 4 or 
5 of oxide of lead, or by heating 1 part of sal-ammoniac with 10 of 
oxide of lead. Chloride of lead consists of 

J. Davy. Dubereiner. 

Lead . . . . 1 . . 104 . . 74.3 . . 74.22 . . 70.758 

Chlorine . . . 1 . . 36 . . 25.7 * • 25.78 . . 24.242 

I 140 100.0 100.00 100.000 

Native Chloride of Lead has been found amongst the volcanic pro- 

ducts of Vesuvius, in small acicular crystals : it has also been found in 
the Mendip-hills, in Somersetshire ; the lott^ mineral appears, from the 
analysis of Berzelius, to be a dichloride. (a^+C.) 
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Chlorate of Lead (Pl+C^ is obtained by digesting the protoxide 
in chloric acid ; it separates by slow evaporation, in white crystalline 
flakes of a veiy sweet taste. When heated, it gives out oxygen, and 
becomes a chloride. 

Iodide of Lead, {pl+%) formed by heating leaf-lead with iodine, is 
a yellow compound. It is also formed by ^ding hydriodic acid or 
hydriodate of potassa to solution of nitrate of lead ; it then falls in the 
form of a bright-yellow powder, sparingly soluble in boiling water, and 
separating, as the solution cools, in beautiful brilliant fl^es. It is 
soluble in caustic potassa. 

loDATE OF Lead (Pl+Z^) is thrown down in the form of a white 
powder on adding iodate of potassa to any of the soluble salts of lead. 
It redissolves in excess of the acid. (Pleischl.) 

Bromide OF Lead (pZ+Z^) is precipitated from a solution of lead 
by hydrobromic acid; it is fusible, and concretes on cooling into a 
yellow mass. When first precipitated, it is decomposed by sulphuric and 
nitric "acids ; but when fused, it requires boiling sulphuric acid to 
produce that efiect. 

Bromate OF Lead (Pl-H thrown down in the form of a white 
powder, by adding bromic acid to a dilute solution of nitrate of lead. 

Fluoride of Lead (pZ-f^) is almost insoluble, and obtained by 
adding hydrofluoric acid to nitrate of lead, when it falls in the form of 
a white 'powder, soluble in nitric and muriatic acids, by which, when 
evaporated, it is decomposed. Ammonia converts the fluoride into a 
subJlu(Mde of lead, which is more soluble than the former. 

Nitrate of Lead (Pl+ 71 ^) is obtained by dngjfoing the metal, not 
in excess, in dilute nitric acid, and evaporatnipF It crystallizes in 
tetraedra and octoedra, which have a specific i^vity 7 = 4 ; they are 
white, anhydrous, translucent, harder than alum, and of a styptic taste; 
they decrepitate when heated, and when distilled give out nitrous acid 
vapour and oxygen, and protoxide of lead remains in the retort : they 
are soluble in 8 parts of water at 212 -^, and insoluble in alcohol. 
The alkalis throw down a white hydrated protoxide of lead from thr 
solution of this salt, the proportion of water contained in which hai 
not been determined. This ssdt is of much use ' in analytical chemistry 
as a test of the presence of free and combined sulphuric acid (except in 
alkaline solutions, which should be first neutralized with nitric acid). 
The precipitate is insoluble in nitric acid. Carbonic acid, and the alka- 
line carbonates, phosphates, oxalates, and tartrates, precipitate nitrate 
of lead, but the precipitates are soluble in nitric acid. The iodides and 
bromides, and the chlorides when not very dilute, also precipitate the 
nitrate of lead: all these precipitates are white, with the exception of 
those by the soluble iodides, which are yeUow. With sulphuretted 
hydrogen this solution of lead forms a dark-brown or black precipitate. 
Nitrate of lead consists of 






Dobereincr. 

Ohevivul. 

Oxide of lead . 

. . 1 . . 

112 

. . W .47 

• • 67*6 « 

. 67 

Nitric acid . . 

. . 1 . . 

54 

. . 32.63 

. . 32.4 . 

. 33 


7 

166 

100.00 

100.0 

100 
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DiMlTRi^TB OF Lead (sPl+TI') may be formed by boiling a mixture 
of equal weights of nitrate and protoxide of lead in water, filtering 
while hot, and setting it by to crystallize*; it forms pearly crystals, of a 
sweet astringent taste, very sparingly soluble in cold water. (Cheyreul, 
Ann. de Chim., Ixxxii.) This salt is precipitated, according to Berzelius, 
by adding ammonia, not in excess, to nitrate of lead : it consists of 

ChAvreul. B«r^elfus. 

Oxide of lead . . 2 . . 224 • . 80.58 . . 80.14 . . 80.5 

Nitric acid . . . 1 . . 54 . . 19.42 . . 19.86 . . 19.5 

1. 278 100.00 100.00 100.0 

Nitrite of Lead. Chevreul and Berzelius have described three 
nitrites of lead, but their composition appears doubtful, and they are 
regarded by Gmelin as hyponitrites. They are obtained by boiling 
nitrate of lead with metallic lead. A detailed account of them is given 
by Berzelius. {Lehrhuch^ ii.) 

SuLPHURBT OF Lead (p2+S) may be formed artificially by fusion. 
Its lustre and colour much resemble pure lead, but it is brittle, and 
requires a white-heat for fusion; its sp. gr. is 7*^B. Boiled tvith 
muriatic acid, chloride of lead and sulphuretted hydrogen are*( formed ; 
with nitric acid it is converted into sulphate of lead. Sulphuret of lead 
may be obtained in the humid way, by precipitating any salt of lead 
by sulphuretted hydrogen ; the precipitate is black, or brown if the 
solution be very dilute ; this is so delicate a test of^ead, that, according 
to Pfaif, a solution containing a hundred-thousandth part of the^iaetal is 
discoloured by it, prodded no excess of acid be present. Sulphuret of 
lead consists of 


Lead . . 

. 1 . 

: 104 

. ^60 

PiOUfit. 

. 86 

Vanqiielin. 

. 86.23 . 

Wenzel. 

66.8 . 

J.Davy, 

86.9 

Sulphur . 

. 1 . 

16 

. 13.34 

. 14 ' 

. 13.77 . 

13.2 . 

13.1 


1 

120 

100.00 

100 

100.00 

100.0 

100.0 


Native Sulphuret of Leadj or Galena^ is the principal source of 
the vast commercial demands of the metal. It occurs massive and 
crystallized, chiefly in the older secondary rocks. Its primitive form is 
the cube, of which there are several modifications, and among them the 
octoedron. It often contains traces of silver, and sometimes in such 
quantity as to render it worth separating, which is effected by exposing 
the roasted sulphuret to the action of heat and air in shallow earthen 
dishes ; the lead becomes oxidized and converted into lithaige, while the 
silver is left pure, in consequence of its power of resisting the influence 
of heat and air. This process is called cupellation. The litharge ia 
afterwards reduced by fusion with charcoal. 

The reduction of galena upon a large scale is a sufficiently simple 
process. The picked ore, after having been broken and washed, ia 
roasted in a reverberatory fire, the temperature being such as to soften 
but not fuse it. During this operation it is raked till the fumes of 
sulphur are dissipated, when it is brought into perfect fusion ; the lead, 
reduced by the fuel, sinks to the bottom, and is run out into oblong 
moulds sailed pigs; the scoriie are again melted, and fumidi a portion of 
less pure metal. The mines of Great Britain afford an annual produce 
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of about 48,000 tons of smelted lead, of which nearly the whole is 
obtained from the sulphuret. There is a specular variety of galena, 
called in Derbyshire slickensides ; and which, when touched by the 
miner’s pick, often splits asunder with a kind of explosion. 

Hyposulphite of Lead (Pl + §) is precipitated in the form of a 
white powder, by adding solution of nitrate of lead to hyposulphite of 
potassa. At 212^^ it becomes dark-cobured, and at a higher temperature 
bums like tinder. Distilled in* close vessels, it gives out sulphurous 
acid, and is converted into sulphuret and sulphate of lead. It requires 
more than 3000 parts of cold water for solution. It is composed of 

Hcrschol. 

Oxideof lead . ... 1 .. 112 .. 70 .. 70.30 

Hyposulphurous acid .1 . . 43 . . 30 . . 29.70 

1 160 100 100.00 

Sulphite op Lead (Pl + S) may be obtained by digesting yellow 
oxide of lead in sulphurous acid ; or by adding sulphurous acid or 
bulphite of potassa to nitrate of lead. It is white, insoluble, and taste- 
less. When heated it loses sulphurous acid. It is converted by nitric 
acid into^sulphate of lead. It disengages sulphurous acid* when acted 
upon by muriatic, and by sulphuric acid. It consists of 

Tht^msou. Gay l.tisisac. 

Oxide of lead . . . . 1 . . 112 . . 77-77 . . 74.5 . . 78 

Sulphurous acid 32 . • 22.23 . . 25.5 . . 22 

1 144 100.00 100.0 100 

IIyposulphate of Lead (Pl+§0 is formed by digesting carbonate 
of lead in hyposulpKuric acid, filtering, and evaporating. It forms 
soluble crystals, which, by the action of ^monia, may be so decomposed 
as to yield two suhhyposulphates : the crystals contain 

* Hccrcn. 


Oxide of lead . . 

1 

112 

50.91 

51.04 

Hyposulphuric acid 

1 

72 

32.73 

33.01 

Water 

4 

36 

10^ 

15.95 


1 

220 

100.00 

100.00 


Sulphate OF Lead. (Pl+S^.) Cold sulphuric acid has no action 
upon metallic lead; but when the metal is boiled in concentrated 
sulphuric acid, sulphurous acid is evolved, and a white sulphate of lead 
is formed. It is so insoluble, that it may be formed by adding dilute 
sulphuric acid, or an alkaline sulphate, to a solution of nitrate of lead, 
and hence the application of the soluble salts of lead, especially the 
nitrate *and the acetate, as tests of the presence of sulphuric acid and 
sulphates. Dr. Thomson found, that after having been dried at a tem- 
perature of 400^, it might be heated to redness in a platinum crucible 
without losing weight. Heated on charcoal by the blowpipe, it h 
decomposed and reduced. Sulphate of lead is not absolutely insoluble 
in water ; it is insoluble in alcohol and nearly so in nitric acid ; muriatic 
acid partially decomposes it. It is sparingly soluble in excess of 
sulphuric acid, and separates from it in small prismatic crystals. It is 
soluble, when recently precipitated, in the fixed alkaline solutions and 
their carbonates. Accordingly, if a weak solution of nitrate of lead be 
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dropped into a solution of carbonate of soda containing sulphate of soda, 
there is either no immediate precipitate, or if formed, it is redissolved on 
stirring the liquid. Its acid is expelled- by the action of silica and of 
alumina at a red-heat, hence its decomposition when fused in earthen 
crucibles. Digested with an acid solution of nitrate of baryta, it yields 
nitrate of lead and sulphate of baryta. ^Sulphate of lead consists of 

Klaproth. Berthler. Berzelius. 
Oxide of lead . 1 . . 112 . . 73.68 . . 73.5 . . 73.99 . . 7 . 3.615 

Sulphuric acid . 1 . . 40 . . 26.32 . . 26.5 . . 26.01 . . 26.385 

1 152 100.00 100.0 100.00 100.000 

Native Sulphate of Lead is found in Anglesea, and in Scotland, 
crystallized in prisms and in octoedra. 

PiiospiiuRET OP Lead may be formed by dropping phosphorus into 
melted lead. It is of the colour of lead, and soon tarnishes. 

Hypophosphite of Lead has not been examined. 

Phosphite op Lead (Pl +p) was prepared by Berzelius by mixing 
chloride of lead with phosphite of ammonia. It is white, tasteless, and 
insoluble, and appears to consist of 1 proportional of oxide of ^Jead + 1 
proportional of phosphorous acid. 

Phosphate op Lead (PL+jD^) is formed by mixing hot solutions of 
chloride of lead and phosphate of soda : according to Mitscherlich, the 
phosphate of soda must be dropped into the solution of lead so as to 
leave the latter in excess, otherwise a subphosphate of lead falls. It is 
white ; insoluble in water and in acetic acid ; soluble in fixed alkaline 
solutions, and in nitric acid. It is decomposed by sulphuric acid, and by 
hot muriatic acid. It fuses before the blowpipe, and crystallizes on 
cooling. It consists of 




. 112 . . 


Thomson. 

Berzelius. 

Berthier. 

Oxide of lead . . 

. 1 . 

. 75 .G 8 

. . 75 . 

. 76 . , 

77*5 

Phosphoric acid . 

. 1 . 

. 36 . 

. 24.32 

. . 25 . 

. 24 . . 

> 22.^ 


1 

148 

luo .00 

100 

100 

100.0 


SuBSESQUiPHOSPHATE OP Lead (1^ Vh+p^) IS obtained by digesting 
the neutral phosphate in ammonia, or by precipitating acetate of lead by 
neutral phosphate of soda: it is white, less fusible than the neutral 
phosphate of lead, and before the blowpipe yields a mixture of metallic 
lead with the neutral phosphate ; it consists of 

Borzclius. 

Oxide of lead . . . .. 168 .. 82.35 . 82.52 

Phosphoric acid . . 1 . . 36 . . 17*65 . . 17*48 

T 204 100.00 100.00 

Sesquiphosphate op Lead (Pl + 1 i is the white powder which falls 
when a hot solution of .chloride of lead is decomposed by biphosphate of 
soda. It reddens litmus, and consists of 

Berzeliue. 

Oxide of lead ... 1 . . 112 . . 67.47 . . 69.731 

Phosphoric acid . . IJ . . 54 . . 32.53 . . 30.260 


1 


166 


100.00 


100.000 
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Biphosphatb of Lead (Pl+ ajO') is deposited in granular crystals^ 
by solutions of the preceding phosphates in phosphoric acid. 

Native Phosphate of Lead has been found in the mines of Cum- 
berland, Durham, Yorkshire, and of Wanlock Head, in Scotland. Its 
colour is various shades of green, yellow, and brown. Its primitive form 
is a rhomboid, but it usually odburs in six-sided prisms. It is semi- 
transparent and brittle. It appears to be a subsesquiphosphate of lead 
combined in variable proportions with chloride of lead. 

Nitrophospiiate of Lead. A crystallized combination of phosphate 
and nitrate of lead is obtained by evaporating a solution of phosphate of 
lead in nitric acid. Water decomposes it and resolves it into its com- 
ponent salts. (Berzelius.) 

Seleniuret OP Lead. (pl+S6») Lead and selenium readily 
bine and yield a white seleniuret, which has been found native in the 
Hartz and at Fahlun. It consists of 


Lead . . 

. 1 

104 

. 72.22 

H. Rose. 

71.81 

Selenium 

. 1 

40 

27.78 

27.59 


T 

144 

100.00 

99.40 


Selenite of Lead. (Pl+^^.) Selenious acid and the alkaline 
selenites occasion a white precipitate in solutions of lead, which falls in 
the form of a heavy powder. It is nearly as fusible as chloride of lead, 
and concretes on cooling into a white crystalline mass ; it is almost 
insoluble in water, and difficultly decomposed by boiling sulphuric acid. 
It consists of 

Berzelius. 

Oxide of lead .... 1 . . 112 . . 66,66 

Selenious acid .... I ... 56 . . 33.33 

1 168 100.00 

^Carburet o# Lead. The compounds described under this name are 
probably mixtures of ■ finely-divided metallic lead and charcoal. They 
are obtained by decomposing tartrate of lead or cyanuret of lead.in close 
vessels : the former ba^already been mentioned as a ptfvophorus. 

Carbonate OF Lead. (Pl+CCRT*'.) When an alkaline carbonate is 
added to nitrate of lead, a white precipitate of carhmaie of lead falls : 
it is tasteless, insoluble in water, but soluble in fixed alkaline solutions. 
Its sp. gr. is 6.4. It is employed as a white paint, under the name of 
white lead or ceruse,^ and is usu^y prepared by exposing sheet-lead to 
the action of the vapour of vinegar, or by decomposing acetate of lead 
by a carbonate. In this country it is largely manufactured by the latter 
method. (See Acetate <f Lead,) In France and Sweden it is made by 
passing carbonic acid obtained hj burning charcoal, through a solution of 
subacetate of lead ; carbonate of lead falls, aRd the solution becomes a 
neutral acetate, which, by digesting with litharge, is again converted into 
the subsalt. Carbonate of lead^ consists of 






Berzelioi. 

Chevreul. 

Klaproth. 

Chenerbc, 

Oxide of lead . 

1 . 

M2 

. 83.58 

. 83.5 

. 83.64 

. 83.67 

. 85 

Carbonic acid . 

. 1 . 

22 

. 1^42 

. 16.5 

. 16.36 

. 1.6.33 

. 15 

- 

T 

134 

lOOiOO 

100.0 

• 100.00 

100.00 

100 
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Native Carbonate of Lead is one of the most beautiful of the 
metallic ores : it occurs crystallized, and fibrous ; th,e former transparent, 
the latter generally opaque. Jt is soft and brittle, and occasionally tinged 
green with carbonate of copper, or gray by sulphuret of lead. The 
octoedron is its primitive form : it also occurs prismatic and tabular. It 
has been found in Cumberland and Durham; and the acicular variety, of 
great beauty, in Cornwall. ^ 

Cyanubet op Lead (jpl+Cy) falls in the form of an insoluble white 
powder when cyanuret of potassium is added to a solution of nitrate of 
lead, or when hydrocyanic acid is dropped into acetate of lead: heated to 
redness in a glass tube, it gives out nitrogen, and leaves the pyrophoric 
carburet of lead above noticed. 

Cyanate of Lead (Pl+{^') is thrown down in the form of a white 
crystalline precipitate when cyanate of potassa is added to acetate of lead ; 
it is anhydrous, and consists of 77 oxide + 23 acid. (Wohler.) 

Sulphogyanuret of Lead forms rhomboidal crystals, which are 
slightly deliquescent. 

Ferrocyanuret of Lead, (je + a pZ + 3 When nitrate of lead 
is decomposed by excess of ferrocyanuret of potassium a white precipitate 
falls, which, when dried and gently heated, loses water. In what may 
be termed its hydrated state^ it consists, according to Berzelius, of 1 
equivalent of hydrocyanate of protoxide of iron, and 9 equivalents of 
hydrocyanate of protoxide of lead ; and, after having been heatf&d, of 


Iron . . . 

. 1 

28 

8.9 

BeneliuB. 
. 8.81 

Lead . . . 

. 2 

20#^ . 

86.3 

. "66.91 

Cyanogen . 

. 3 

78 

24.8 

23.89 


1 

314 

100.0 

98.61 


Borate of Lead Is precipitated in the form of a white 

powder, when borate of soda is mixed ^vith nitrate of lead: it fuses intesp 
colourless glass. 

Alloys of Lead. With potassium lead forms , a brittle and very 
fusible alloy: with sodium the compound is equdlUy brittle, but less 
fusible. When exposed to air, these alloys suffer decomposition in con- 
sequence of the oxidizement of the alkaline bases. The alloy of lead 
and manganese has not been examined. When lead is fused with tron, 
two alloys are obtained; that at the bottom of the crucible consisting of 
lead with a little iron ; while the superficial portion is iron with a little 
lead. (Guyton Morveau, Ann. de Chim.^ Ivii.) With lead forms a 
hard ductile alloy. Common pewter consists of about 80 parts of tin 
and 20 of lead. Equal parts of lead and tin constitute plumber d solder; 
and what is termed polymetal is an alloy of lead and copper. 

Characters of the Salw of Lead. The soluble salts of lead hare 
a sweet austere taste, and are characterized by the white ^precipitate pro^ 
duced by ferrocyanuret of potassium, the black by sulphuretted hydrogen, 
the deep-brown by hydrosulphuret of ammonia, the yellow by iodide of 
potassium, and the white by sulphuric acid and the soluble sulphates. 
The salts insoluble in water are dissolved by soda and potassa, or by 
nitric acid, when the metal is rendered manifest by sulphuretted hydrc|;en 
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and other tests. Haated hj the blowpipe upon charcoal, they afford a 
button of metal. Lead is precipitated from itsr solutions, in the metallic 
state, bjmany of the other metlis. T&nc and Cadmium separate metallic 
lead from the nitrate: iron only efiects its partial decomposition when 
in a very dilute state. Chloride of lead is slowly but entirely reduced by 
sine, cadmium, and iron, but tin produces no effect eicept free muriatic 
acid be present. All the difficultly-soluble salts of lea4 may be decom<* 
posed and reduced, by mixing them with dilute muriatic acid, and im- 
mersing a plate of zinc in the liquid. Zinc, cadmium, and tin^ decom- 
pose the alkaline solutions of oxide of lead, but iron is without action 
upon them. The appearance of the 'metallic lead, in these cases, depends 
upon the state of the solution, which, if concentrated,* yields it in dull 
dendritic crystals, but if dilute, in large metallic leaves. 


I XVII. ANTIMONY. 

This metal was first madefjkuown by Basil Valentine, towai4|||kt of 
the 15th century. It is found native in Sweden, in Frauej^-ll^ in the 
Hartz; but its principal ore is the sulphuret^ the stibium ilhUfe ancients, 
which is found masdve and c]ystallized,4Uid of which thprC are several 
varieties. The^host ^minon is the radi^i^ which £ of a pray colour, 
brittle, aii^i frequently crystallized in fail|;4|ttd sit-ti^bd. prisms. This 
ore may he decomposed, and the pure mefal from it, by the 

folloTnng process: Mix thred parts^ the pcu^lSliltid sulphuret with two 
of crude tallar, and thrdw the nMture by spoonfuls into a red-hot 
crucible ; then heat the mass to redness^ and a button ivill he found at 
the bottom of the crucible, which is the metal as it commonly occurs in 
commerce, and is n^ly pure. Reduce this button to fine powder, and 
dissolve it in nitromuriatic acid ; pour this solu^n into water, which 
Will occasion tfie precipitation of a wl^^te powder, which is to be washed 
and mixed with twice weight of tartar, and exposed to a dull red-heat 
in a crucible. The bu^n now ohtsdned is pure antimony. 

Antimony is of a silveryjpjhite colour, brittle c^d crystaliine in its 
ordinary texture. It fuses at uhout 800*^, and is volatile at a very high 
heat. Its specific gravity is 6.712. (Hatchett, Phil. Trans.^ 1803.) 
Placed upon ignited charcoal, under a current of oxygemKis, antimony 
bums with great brilliancy, throwing off its oxide in the of a dense 
yellow smoke. The equivale iiHlif antimony is 65. (64.5 Gmelin; 64.6 
Tomer.) 

A3sn!m.ovY AND OxYOEN. Much difference of opinion has previfiled* 
among chemists respecting the number of the definite oxides of antimony: 
it is probable that there are at least three, of which one only, the prot- 
oxide, is salifiable.* The composition of these oxides has also been 
variously stated^ and much difficult^ has occurred in assimilating them to 

the atomic theory; the most accurate and satisfactory experimehte upon 
this subject axe those of Berzelius, from which it would appear that the 
oxygen in the protoxide is to that in the peroxide^ not as 1 to 2 hut as 1.5 
to or as 3 to 5, and that in the three oxides, I atom of antimony is 
uni^ with 1.5, 2, and 2.5 of oxygen. 
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PjsoTOXiDB OP Antimony; Sesquioxide ojp Antimony (an + l^O) is 
thus obtained: To 900 parts of sulphuric acid .add 50 parts of powdered 
metallic anrimonjT) boil mixture to dryness, and wash the dry mass, first 
in water) and then with a weak solution of carbonate of potassa; a white 
foyfiex remains, which, when thoroughly washed with hot water, is 
protoxide ^ a fUimmy. It may also be procured by dissolving antimony 
in muriatic |U»4|» pouring the solution into water, and washing the white 
precipitate with solution of carbonate of potassa or of soda. This oxide 
may also be obtained by adding ammonia to solution of tartrate of anti- 
mony and 'potassa, heating the mixture, and washing the precipitate in 
large quantities of boiling water. It is thus procured in tho form of a 
heavy white powder. 

il^otoxideof antimony exists in all the active antimonisd preparations; 
in emetic tartar, kermes, glai^ of antimony, golden sulphuret, &c. It is 
fusible and volatile at a red-heat, undergoing no change in close vessels; 
but if air be present, it undergoes a kind of combustiojjf^ and passes into 
the state of deutoxide It is decomposed by sulphur and charcoal ; and 
when acted on by nitric acid, is converted into peroxide; if heated with 
chlorate df potassa it deflagrates and also becomes peroxidized; it is very 
soluble in muriatic acid, and readily forms emetic taitar when boiled in 
solution of bitartrnte of potassa. When recently precipitated, and digested 
in caustic potassa, it is partly converted into a gray powder, which is a 
trub compound of the oxide and the alkali, very difficultly soluble. A 
similar combination may be obtained with soda and ammonia. When 
metallic antimony in fusion is exposed to a bright red-heat, u is co^yerted 
into an oxide, which appears to b^the protoxide, and whmh condenses 
ill long and delicate needles when sublimed. This was formerly called 
Argentine flowers of Antimony. This is the only salifiable oxide of anti- 
mony: it consists of 


Antimony 
Oxygen . . 

. € . 

. u . 

. 65 
. 12 

. . 84.5 
. .* 15.5 

ProiiBt, 

. . 81.5 . . 

. . 18.5 . . 

BeimUnB 

M819 

15.681 

J. Davy 
. . 85 
. . 15 " 


1 

"77 

100.0 

looT 

100.000 

100. 


Deptoxide of Antimony; A^iMcdfllous Acid (UTl + iO) is the 
result of the above-mentioned combustion of the protoxide. It is also 
obtained by exposing the peroxide ta a red-heat. It is white, but 
assumes a yfpow colour when heated ; fixed and infusible in the fire ; 
insoluble in nitric acid, and nearly so ii^ulphuric acid. It readily com- 
bines' with potassa by fosion, and the qBj^ng compound (antimoniie qf 
potojssa) dissolves in water, and furnishes, upon the addition of an acid,'^a 
white precipitate of hydrated deutoxide^ which, when thoroughly edul- 
corated, has the property of reddening litmus. It consists of 

Fiouit. Thenaid. Benvkus. Thomaon. 

Antimony . 1 . . <i5 . . 80.^ . ^ 77 • • SO .i S^37 . . 80.84 

Oxygen . . 2 .. 16 .. 19 75 . . 23 . . 20 . . 1073 .. 19.16 

^ r 81 lOOOO 100 loo 100.000 lOOO 

Peroxide of Antimony; Antimonic Acid (^71-1- 3^0) is proouxed 
by acting for a considerable time upon the powdered metal, by excess of 
hot nitric aci^ and exposing the product to a heat of about 600°. The 

3 a 



CHLORIDES OF ANTIMONY. 


du^l^h^etic antimony and Bezoar mineral of old PliarmacopceUz consisted 
of fids oxide, which, compared with the protoxide, is nearly inert. It is 
white, or pale-yellow, tasteless, and insoluble in water. It neither fuses 
nor volatilizes at a bright red-heat, but when exposed to the flame of a 
spirit-lamp uiged by a blowpipe, it passes off slowly in white fiiiines, being 
partially reduced by the hydrogen of the flame. It does not decompose 
the alkaline carbonates in the humid way, but at a red-heat it expels 
their carbonic acid, and combines with the base. It dissolves in the liquid 
caustic alkalis, and in muriatic acid when in the state of hydrate; but 
after*exposure to a dull red-heat becomes of extremely diflicult solubility. 

Peroxide of antimony may also be obtained by deflagrating a mixture 
of four parts of nitre, and one of powdered antimony, and washing the 
residue with nitric acid and water; or, by dissolving antimony in nitro- 
muriatic acid, and pouring the solution into water: it is thus, when 
edulcorated, a hydrated peroxide, and may be dried nearly at a red-heat : 
at somewhat higher temperatures it loses oxygen and passes into deut- 
oxide. It consists of 

ThiMiard Thomson Borsclius Proustf 

Antimony . . 1 . . 65 . . 76.6 . . 68 . . 73.33 . . 76.34, . . 77 

Oxygen . . . 2^ . . 20 . . 23.5 . . 32 . . 26.67 . . 23.66 . . 23 

1 85 100.0 100 100.00 100.00 100 

Antimoniate of Ammonia is formed by digesting peroxide of anti- 
mony in ammonia. On evaporation a super-antimofiiate of ammonia is 
obtained in the form of a white powder. 

Antimoniate of Potassa is contained in the white powder obtained 
by igniting nitre and antimony. It dissolves in hot water, and this 
solution produces precipitates of insoluble autimoniates in several other 
metallic solutions. 

Antimony and Chlorine; Protochloridb of Antimony; Sesqui- 
CHLORIDE OF Antimony. (^71+ HC.) The powdered metal takes fire 
when thrown into gaseous chlorine, wai a compound, at first liquid, but 
afterwards concreting (if the antimony be in excess), is formed. This 
compound may be more definitely produced by the distillation of one part 
of powdered antimony with tw(r and a half of perchloride of mercury; or 
by dissolving the protoxide of antimony in muriatic acid, and evaporating 
to dryness. The protochloride of antimony thus obtained, is a soft solid 
at common temperatures, but becomes liquid by a gentle heat, and crystal- 
lizes as it cools. It is the butter of antimony of old writers. It deliquesces 
by exposure to air; and is a powerful caustic. When water is added to 
this chloride of antimony, a mutual decomposition ensues, and hydrated 
protoxide of antimony, formerly called Algarotti’s powder^ or mercuriue 
vitae^ and muriatic acid, result. This chloride consists of 

H. Rom Oobel. I. Dovy. 

Antbnony . . . 1 . • SB • • 64>7 • • 63.27 • • 64.98 . . 60.4 

Chlorine . . .‘ . li . . 64 . . 46.3 . . 46.73 . . 46.02 . . 39.6 

T ni 100.0 100.00 100.00 100.00 

Pebchloridb OF Antimony is formed by passing dry chlorine over 
heated antimony. It is a volatile transparent liquid, whi^ emits copious 
fumes when exposed to air. Whien dropped into water a hydrated 
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peroxide of antimony falls, and muriatic acid is formed. (Boae, Ank, of 
Phily N. S.y X.) It consists of 

II R08«*. 

Antimony . . 1 . . 05 . . 41.9 . . 40.56 

Chlorine . . . 2^ . • 90 . . 58.1 . . 59.44 

] 155 100.0 100.00 

Chlorate of Antimony has not been examined. 

Iodide of Antimony. Antimony and iodine combine when triturated 
together, and form a browg. compound, fusible and volatile without 
decomposition; acted upon by water, it produces hydriodic acid and 
protoxide of antimony. It has not been analyzed. 

loDATE OF Antimony is unknown. 

Bromide of Antimony. The action of bromine on antimony is 
attended by the disengagement of heat and light, and the compound is 
readily obtained by distillation, as in the process for preparing bromide of 
arsenic: it is solid at common temperatures; is fused at 206^, and boils 
at 518^. It is colourless, and crystallizes in needles; it attracts moisture 
from the air, and is decomposed by water. (Turner.) 

Sesquifluoride of Antimony is a white solid compound, more 
volatile than sulphuric acid. (Dumas, Ann. de Chim. et Phys.y xxxi., 435.) 

Nitric Acid acts powerfully on metallic antimony, and, if mixed with 
it in fine powder, will sometimes cause its inflammation. The metal 
becomes peroxide, and scarcely an appreciable portion is retained in 
solution. As in some other cases of the vehement decomposition of nitric 
acid, ammonia is produced, which may be rendered sensible by pouring 
potassa on the white magma that results, and by which the nitrate of 
ammonia is decomposed. Protoxide of antimony, digested in dilute 
nitric acid, produces a difficultly-soluble salt, which separates in white 
scaly crystals, and which appears to be a nitrate of antimony. 

Nitro-mdriatic Acid readily dissolves antimony, , and forms an 
orange>coloured solution, which is decomposed by the addition of water. 
Iron or zinc immersed into this solution throws down a black powder, 
which, according to Thenard, is pyrophoric. 

Sulphuret of Antimony; Sbsquisulphuret of Antimony (^71 + 
l^S) is easily formed by fusing the metal with sulphur. Its colour is 
dark-gray and metallic; its specific gravity 4.36. It closely resembles 
the native sulphuret. When this sulphuret is exposed under a muffle to 
a dull red-heat, it gradually loses sulphur, and absorbs oxygen, being 
converted into a gray powder, which consists of a mixture of protoxide of 
antimony and sulp^et. If the heat be increased, this ^ses into a 
transparent substance of a yellow or brown colour, formerly called 
antimony y the composition of which is variable ; it generally contains about 
85 per cent, of protoxide and 15 of sulphuret In that which is imported 
for pharmaceuticid purposes, from Germany and Holland, there is usuallj 
a portion of siliceous earth, and it is sometimes adulterated with oxide 
of lead. This fraud is detected by digesting the finely-powdered glass 
in hot nitric4kcid, diluting the solution, and filtering. The filtered liquor 
gives a white precipitate on the addition of sulphate of soda, if lead is 
prewnt. During the formation of glass of antimony, if the heat be raised 
too high, the greater part of the oxide sublimes in slender ciystaQiiie 

3 A 2 
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; while another portion, if air be not excluded, passes into the 
S^te pf deutoxide, and undergoes no ftirther change at a very high tem- 
perature. Compounds of the protoxide with laiger quantities of the 
sulphuret have been termed saffron of antimony or crocus metallorum^ and 
liver of antimony. 

When sulphuret of antimony is deflagrated with nitre, the residue 
consists of sulphate and antimoniatc of potassa. When boiled with 
sulphuric acid, sulphur is separated, sulphurous acid evolved, and a 
sulphate of antimony is formed from which water precipitates a subsul- 
phate. With muriatic acid, sulphuretted hydrogen is evolved, and a 
solution of chloride of antimony in muriatic acid is formed together with 
more or less of the hydrosulphuretted oxide. Chlorine passed over heated 
sulphuret of antimony forms chloride of sulphur and sesquichloride of 
antimony. Hydrogen gas passed over this sulphuret at a red-heat carries 
off the sulphur in the form of sulphuretted hydrogen, and metallic anti- 
mony remains. Charcoal decomposes sulphuret of antimony at high 
temperatures, and sulphuret of carbon and metallic antimony are the 
results. This sulphuret of antimony, whether native or artificial, con- 
sists of 

UerKinan. J. Davy. Vauqnelin. 

Antimony . . 1 . . 65 . . 73 . . 72.8 . . 74 . . 74.16 . . 75 

Sulphur . . . IJ . . 24 . . 27 . . 27.2 . . 26 . . 26.84 . . 25 

1 89 100 100.0 100 100.00 100. 

Hydrosulphuretted Oxide op Antimony. This compound has long 
been known under the name of kermes mineral; it is commonly prepared 
as follows: Equal parts of sulphuret of antimony and common potash are 
fused together; the resulting mass is finely powdered, and boiled in ten 
times its weight of water. The liquor is filtered while hot ; and, during 
•ooling, it deposits kermes. The mother-liquor of kermes deposits a 
copious yellowish-red precipitate upon the addition of dilute sulphuric 
acid, which, when washed and dried, is known under the name of golden 
sulphur of antimony. 

In forming these compounds, it appears that the following changes 
take place. The sulphuret of antimony and potassium acts upon the 
water, a portion of which is decomposed; hydrosulphuret of potassa is 
formed, and hydrogen and oxygen unite to the sulphuret of antimony, 
producing a hydrosulphuretted oxide of that metal {kermes\ which 
remains dissolved in the hot alkaline hydrosulphuret, and of which one 
portion is precipitated as that solution cools. When dilute sulphuric acid 
is added, the hydrosulphuret of potassa is decomposed, sulphate of potassa 
is formed, and sulphur and sulphuretted hydrogen are liberated; the 
sulphur falls in combination wi^ the kermes, producing the golden sul- 
phur, or sulphuretted-hydrosulphuret. Dr. Turner considers kermes and 
the golden sulphur as hydrated sulphurets of antimony, and not as hydro- 
sulphuretted oxides; but their extreme activity as medicines seems to 
render the existence of protoxide in them probable. According to Rose 
{Ann, of Phil., N, S., x.), a bisulphuret and a persulphuret ^of antimony 
are precipitated when sulphuretted hydrogen is passed through a solution 
of antimonious and antimonic acids. 

The whole question respecting the nature of keimes and= the golden 
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sulphuret, is simplified by considering it merely in reference to tbe pre- 
cipitation of solutions of tbe oxides of antimony by sulphuretted hydrogen. 
li\^en a solution of emetic tartar (which contains the protoxide of 
antimony), acidulated by tartaric acid, is decomposed by sulphuretted 
hydrogen, an orange-coloured precipitate falls, which, when collected, 
thoroughly edulcorated by hot water, and dried, is hydrosulphuretted 
protoxide of antimony. (fllTl + 1^ 0) + 1^ (S+ A.) When heated, 
water is evolved and sesquisulphuret of antimony remains ; or we 
obtain (A + 0) and (fl7l+ 14 S). When kermes is obtained by the 
other more complicated processes it varies in composition and in 
medicinal activity, containing a compound of oxide of antimony and 
potassa, and a portion of the double sulphuret of potassium and antimony, 
which is one of llerzelius' sulphur salts. 

Sulphuretted Oxide of Antimony. It has already been stated that 
glass of antimony is a compound of sulphuret and oxide of antimony, and 
that some other medicinal preparations of antimony, contained in old 
pharmacopoeia, are analogous combinations of variable proportions of the. 
sulphuret and oxide. To this class of compounds belongs the beautiful 
and rare ore of antimony, called red antimony; it generally occurs in 
delicate capillary crystals, consisting, according to H. Rose, of 2 atoms of 
sesquisulphuret and 1 of sesquioxide of antimony. 

Sulphite of Antimony is an insoluble white salt, obtained by 
digesting the protoxide in sulphurous acid, or by passing sulphurous acid 
into protomuriate of antimony. 

Sulphate op Antimony is the white saline mass formed by boiling 
powdered antimony in sulphuric acid. Water resolves it into an insoluble 
suhsulphate and a soluble supersulphate: the latter may be obtained in 
small deliquescent acicular crystals by evaporation. 

Phosphuret of Antimony is formed by heating together equal parts 
of oxide of antimony, phosphoric acid, and charcoal. It is white and 
brittle. (Pelletier.) 

Nothing is known respecting either the Hypophosphite or the Phos- 
phite of antimony. 

Phosphate of Antimony. When protoxide of antimony is digested 
in phosphoric acid it is dissolved, but affords no crystallizable salt on 
evaporation. 

Antimonial Powder. In the London Pharmacopoeia there is a 
preparation called pulvis antimonialis^ formed by heating one part of 
sulphuret of antimony with two of hartshorn-shavings. The action of 
heat upon the sulphuret has already been described. Its effect upon the 
hartshorn-shavings is to destroy the animal matter, leaving little else 
than phosphate of lime. So that the pulvis antimmialis consists essentially 
of an oxide of antimony, mixed with phosphate of lime. This preparation 
is usually considered anidogous to, if not identical with, James* s Powder^ 
which, according to Dr. Pearson’s analysis {Phil. Trans.^ ^791), consists 
of 43 phosphate of lime, and 57 oxide of antimony. Be this as it^may, 
the antimonial powder of the Pharmacopoeia is an uncertain and ill- 
contrived preparation: its activity depends upon the proportion of prot- 
oxide which it contains; but the greater part of the protoxide is apt to 
be volatilized, or converted into deutoxide, of a mixture of which, wi& 
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phosphate of lime, the antimonial powder generally conidsts. Accordingly, 
in examining Antimonial Powder from yarious sources, prepared after 
the direction of the Pharmacopceia^ it is found of yariable composition: 
and it is yery difficult so to conduct the process as to obtain, upon the 
large scale, an uniform product. For medical use, emetic tartar seems 
the only certain and necessary preparation of antimony ; if however, a 
compound of the nature of the Antimonial Powder be requisite, one of 
the best modes of preparing it would be to dissolve certain proportions 
of protoxide ^of antimony and phosphate of lime in muriatic acid, 
precipitate by ammonia, and edulcorate with a large quantity of water. 
Mr. Chenevix advises for this purpose equal parts of the oxide and 
phosphate, but such proportion of antimony is too great. 

^e following method furnishes, in the dry way, a tolerably uniform 
Antimonial Powder : bum t#o pounds of hartshorn to a cinder, reduce 
it to powder, and heat it to dull-redness in an iron pot ; then gradually 
stir into it one pound of powdered sulphuret of antimony, added in 
successive portions, and continue the same heat as long as fumes arise ; 
when these cease, the mixture will have a dirty-gray colour, and during 
the operation small crystals of oxide of antimony will be seen to collect 
upon its surface when a portion is taken out in an iron spoon. In 
this gray state it should be put into a covered crucible and heated to 
intense redness ; a phosphorescent light of a greenish tint is soon 
perceived, and when this ceases the crucible may be removed from the 
fire, and its contents when cold reduced to a fine powder, which should 
be perfectly white. 

Neither carbonate^ cyanuret^ nor borate of antimony are known to 
exist.* 

Alloys of Antimony. Antimony forms brittle alloys with the 
malleable metals. When gold was ^oyed ^with its weight of 

antimony, the compound was perfectly brittle ; and even the fumes of 
antimony in the vicinity of melted gold are sufficient to destroy its 
ductility. (Hatchett, PhiL Trans^ 1803.) Silver is also rendered 
brittle by antimony. With potassium and sodium it forms white 
brittle compounds, destructible by the action of air and water. The 
alloy of potassium and antimony may be. formed by heating to redness 
in a covered crucible a mixture of equal parts of finely-powdered 
antimony and tartar for about three hours. When cold, the crucible 
must be broken, the button of alloy freed from the scorim, broken 
into pieces, and preserved in a well-stopped phial. By substituting 
tartrate of soda for common tartar, the aUoy ^ sodium and antimony 
may be obtained : and a mixture of soda-tartrate of potassa and pow- 
dered antimony, yields the triple alloy of antimony^ potassium^ and 
sodium. When these alloys are reduced to powder, and exposed to 
the air, they heat, and take fire like pyrophorus. The aHoys of antimony 
with manganese and with zinc have not been examined. 

Alloyed with lead in the proportion of 1 to 1 6, and a small addition of 
copper^ antimony forms the alloy used for printers* types. With lead only, 
a white and rather brittle compound is formed, us^ for the plates upon 
which music is engraved. With iron it forms a hard whitish alloy, for- 
merly called martial regnlus^ which may be obtained by fusing two parts 
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of sulphuret of antimony with one of iron-filings ; a scoria consisting 
chiefly of sulphuret of iron is formed, and the fused alloy beneath usually 
presents a stellated appearance in consequence of its crystallization. This 
star, which upon large ingots is often beautifully distinct, was much ad- 
mired by the alchymists, who considered it a mysterious guide to transmu- 
tation. With tin^ antimony constitutes a kind of pewter^ a term, however, 
which has also been applied to some other alloys, especially that of lead 
and tin. The finest pewter consists of about 12 parts of tin and 1 of 
antimony, with a smdl addition of copper. A good while metal^ used 
for spoons and tea-pots, and sometimes called Britannia metal^ is com- 
posed of 100 tin, 8 antimony, 2 bismuth, and 2 copper*. 


* As a specimen of the analysia of 
antimonial compounds, 1 subjoin Mr. 
Hatchett’s instructive examination of 
the native triple sulphuret qf lead, anti- 
monpy and copper^ or Bournonite. 

A. 200 grains of the ore, reduced to 
a fine powder, were put into a glass 
matrass, and, two ounces of muriatic 
acid being added, the vessel was placed 
in a sand-bath. As this acid, even when 
heated, scarcely produced any effect, 
some nitric acid was gradually added, 
by drops, until a moderate effervescence 
began to appear. The whole was then 
digested in a gentle heat, during one 
hour ; and a green-coloured solution was 
formed, whilst a quantity of sulphur 
floated on the surface, which was col- 
lected, and was again digested in another 
vessel, with half on ounce o# muriatic 
acid. The sulphur then appeared to be 
pure, and, being well washed and dried 
on bibulous paper, weighed 34 grains : 
it was afterward burned in a porcelain 
cup, without leaving any other residuum 
than a slight dark stain. 

B. The green solution, by cooling, had 
deposited a white saline sediment ^ but 
this disappeared upon the application of 
h^t, and the edition of the muriatic 
acid in which the sulphur had been 
digested. The solution was perfectly 
transparent, and of a yellowish-green : 
it was made to boil, and in this state 
was added to three quarts of boiling 
distilled water, which immediately be- 
came^ like milk; tins was poured on a 
very bibulous fflter, so that the liquor 
passed through before it had time to 
cool; and the white precipitate thus 
collected, being well edulcorated with 
boiling water, and dried on a sand-bath, 
weighed 63 gn^s. 

c. The washings were added to the 
filtrated liquor; and the whole was 
gradually evaporated at different times, 


between each of which it was suffered 
to co^ and remain undisturbed during 
several hours. A quantity of crystallized 
chloride of lead was thus obtained, until 
nearly the whole of the liquor was eva- 
porated : to this last portion a few drops 
of sulphuric acid were added, and the 
evaporation was carried on to dryness ; 
after which the residuum, being dis- 
solved in boiling distilled water, left a 
small portion of sulphate of lead. The 
c^tallized chloride of lead was then 
dissolved in boiling water; and, being 
precipitated by sulphate of soda, was 
added to the former portion, was washed, 
dried on a sand-bath, and then weighed 
120.20 grains. 

D. The filtrated liquor was now of a 
pale bluish-green, which changed to 
deep-blue, upon the addition of ammo- 
nia ; some ochraceous flocculi were col- 
lected, and, when dry, were heated with 
wax in a porcelain crucible, by which 
they became completely attractable by 
the magnet, and weight 2.40 grains. 

E. The clear blue liquor was evapo- 
rated nearly to dryness ; and, being 
boiled with strong lixivium of pure 
potash, until the whole was almost re- 
duced to a dry mass, it was digested in 
boiling distUled water; and the black 
oxide of copper, being collected and 
washed on a filter, was completely dried, 
and weighed 32 grains 

200 grains of Sie ore, treated as here 
stated, afforded, 

Qraini. 

A. Sulphur . .34. 

B. Oxide of antimony . 63. 

c. Sulphate of lead . . 120.20 

D. Iron . . 2.40 

E. Black oxide of copper . 82. 

But the metals composing thistripfo 
sulphuret are evidently in the meti^Eit 
state ; and antimony precipitated fironi 



Antimony. When eUoHde of 
toigoi into water, and the precipitate redieeolyed by 
acid, the fradution is acted upon by reagents as follows ; — 
Solutions of potassa, and of ammonia, and their carbonates, produce 
white precipitates, insoluble in excess of potassa. Oxalic acid, phosphate 
of soda^g^d ferrocyanuret of potassium produce white precipitates ; the 
latter is insoluble in muriatic acid, and therefore not merely occasioned 
by the water of the reegent. Bed ferrocyanuret of potassium (sesqui), 
produces no precipitate. Hydrosulphuret of ammonia produces a red 
precipitate, soluble in excess of the precipitant. Sulphuretted hydrogen 
produces a red precipitate in acid and in neutral solutions of protoxide 
of antimony ; if the solution is neutral, the precipitate does not fall till 
heat is applied, or muriatic acid added. Metallic zinc precipitates 
metallic antimony in the £fgm of a black powder. Cadmium, iron, 
cobalt, tin, lead, bismuth, and copper, also throw down the metal. *^6 
compounds of protoxide of antimony which are insoluble in water. Are 
nearly all soluble in muriatic acid, and sulphuretted hydrogen Is Ihe most 
nnequirocal test. (II. Bose.) Before the blowpipe, oxide of anliniiic j is 
partly reduced in the exterior flame, and spreads a y hitc smoke un the 
charcoal. In the interior flame it is readily redm ed. With niicrocobinic 
salt and with borax it forms a hyacinth-coloured glass. Metallic antimony, 
when ignited on charcoal, becomes covered with aciculai crystals of white 
oxide. Sulphuret of antimony melts on charcoal, uiu) is absorbed 


§ XVIII. BISMUTH. 


This metal was first described by Agricola in 1629. It was sometimes 
called Marcasiie, It is found native^ and combined with oxygen, and 
with arsenic and sulphur. It is neither of cdfaimon occurrence nor very 
abundant. Native Bismuth occurs crystallized in octolldia and cubes, 
and generally contains arsenic, and sometimes cobalt. It has been found 
in Cornwall, and in Germany, France, and Sweden. 

The metal may be obtained pure, by dissolving the bismuth of 
commerce in nitric acid ; water is added to the nitric solution, which 
separates subnitrate qf bismuths This compound is easily reduced in the 
usual way with a little black flux at a moderate heat. 

Bismuth is a brittle white metal, with a slight tint of red : its specific 
gravity is 9.822. (Hatchett, Phil, Trans.,^ 1803.) It fuses at 476^, and 
always crystallizes on cooling. According to Chaudet, pure bismuth is 
somewhat flexible. A cast bar of the metal, T®th of an inch diameter, 


muriatic acid by water, is to metallic 
antimony as 130 to 100 ; therefore, the 
63 grains of that oxide must be estimated 
at 48.46 grains of the metaL Again, 
sulphate of lead is to meUdlic lead as 
141 to 100 ; therefore^ 130.80 grains of 
the fomer ares 86.34 grains of the 
latter. And, lastly, black oxide of cop- 
per contains 30 par ceni. of oxygen; 
consequently, 33 grains of the black 
oxide are s 36.00 grains of metallic 


copper. The proportions for 200 grains 
of the ore wil^ therefore, be, 

Sulphur . ... 34. 

Antimony . 48.46 

Lead 86.24 

Iron .... 2.40 

C5opper .... 26.00 

105.70 


Loss . 
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supports^ according to Muschenbroeck, a weight of forty-eight pounds. 
Bismuth is volatile at a high heat, and may be distilled in close vessels. 

It transmits heat more slowly than most other metals, perhaps in con- 
sequence of its texture. 

Bismuth and Oxygen: Protoxide of Bismuth. (6^+0.) When 
bismuth is exposed to heat and air it oxidizes, forming a fusible white 
oxide. If the heat be increased by directing a current of oxygen upon the 
metal, it bums with much brilliancy, and produces an abundant yellow 
smoke, ^which condenses in the form of a yellowish-white sublimate. 
The re^iest mode of obtaining oxide of bismuth, consists in dissolving 
bismuth in nitric acid, precipitating by dilution with water, edulcorating 
the precipitate, and heating it, when dry, to dull-redness. When in 
fusion, this oxide acts upon other oxides much in the same way as oxide 
of lead. It forms, on cooling, a vitreous muss of a specific gravity of 3*2. 
The equivalent of bismuth, deduced from the experiments of J. Davy on 
the chloride, and of Lagerhielm on the oxide, is 72, (71 Turner and 
Ginelin,) and the oxide consists of 

J Da\y Ligeiluelm Klaproth 

Bismuth \ . . 72 . . 90 . . 90 . . 89.863 . . 89.28 

Oxygen .1 . . 8 . . 10 . . 10 . . 10.137 . . 10.72 

1 80 100 100 100.000 100.00 

( )xide of bismuth occurs, though very rarely, native : it has been found 
in Cornwall and Saxony. 

Peroxide or Bismuth ; SssauioxiDE of Bismuth {bi + 1 ^0). This 
oxide was first noticed by Bucholz and Brandes, but its nature and 
composition have been recently examijied by A. Stromeyer. (Turner.) 
It is formed when hydrate of potassa is fused with protoxide of bismuth, 
or by gently heating the protoxide in a solution of chloride of potassa or 
soda : after washing with water, any unchanged protoxide is dissolved 
by a solution of 1 part of pure nitric acid in 9 of water. It is a heavy 
brown powder i it is not salifiable : heated with sulphuric or phosphoric 
acid, oxygen is evolved, and sulphate or phosphate of the protoxide is 
formed : with muriatic acid, chlorine is evolved, and a protochloride pro- 
duced. (^Ann. de Chim, et Fhys,^ li., 267.) 

Chloride op Bismuth (fii+C) is procured by gently heating the 
metal in chlorine ; it bums with a blue flame, and forms a gray com- 
pound. This chloride may also be prepared by heating two parts of 
corrosive sublimate with one of powdered bismuth, and expelling the 
excess of the former and the mercury by heat; or by evaporating the 
solution of oxide of bismuth in muriatic acid to dryness, and heating the 
residue in close vessels. When nitrate of bismuth is decomposed by a 
solution of ^chloride of sodium, a white powder falls, which is either a 
subchbride or a compound of oxide of bismuth with the chloride. 
Chloride of bismuth was formerly called Butter of Bismuth. It is of a 
gray colour, and fuses at about 480^. In close vessels it does not sub- 
lime at a red-heat. When exposed to air it deliquesces. It consists of 


Bismuth . 

1 


72 

66.6 

J.Da\y ^ 
66.4 

Ghlorfne . 

1 

. . 

36 

33.4 

33.6 


T 


108 

100 0 

mo 
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Chlorate of Bismuth has not been examined. 

Iodide of Bismuth (Jbi+i\ obtained by heating iodine with the 
metal, is of a brown colour, and insoluble in water. , When hydriodic 
acid or iodide of potassium is added to nitrate of bismuth, a precipitate 
falls of a deep orange-colour, insoluble in water, but soluble in liquid 
potassa. 

loDATB OF Bismuth (Bi is thrown down upon adding iodate of 
potassa to nitrate of bismuth.^ It is white, and insoluble. (Pleischl.) 

Bromide of Bismuth (Jbi^\-u) is a gray compound, obtained by the 
direct action of bromine upon powdered bismuth. It fuses at about 
400°, and sublimes at a low red-heat. It is decomposed by water, and 
oxide of bismuth is formed. ^ (Serullas.) 

Fluoride op Bismuth is soluble in water, and deposited, on 

eyaporation, in the form of a white powder. (Berzelius.) 

Hydruret OF Bismuth. WTien bismuth is made the negative elec- 
trode in water, black dendritical crystals are deposited upon it. (Ruh- 
land, Schweigger*s Journal^ xv., 417.) This is probably metallic bismuth 
reduced by the hydrogen. 

Nitrate of Bismuth. (Bi+ZI^.) This salt is made by dissolving 
the metal to saturation in two parts of nitric acid and one of water : the 
action is rapid, and nitric oxide is copiously evolved. The solution 
affords four-sided prismatic crystab, which are decomposed at a red-heat, 
and leave oxide of bismuth. Ammonia occasions a precipitate in nitrate 
of bismuth, which is redissolved by excess of the dkali. Potassa and 
soda also throw down the oxide, which is but sparingly soluble in those 
alkalis. Nitrate of bismuth is decomposed by water, and a fine white 
powder, called magistery of bismuth^ pearl white^ or blanc de fard^ is 
precipitated, which is a hydrated subnitrate of bismuth. In this state it 
has been used in medicine as a tonic. {Quarterly Journal^ viii., 295.) 
If characters be written on paper with nitrate of bismuth they are invisi- 
ble when dry, but become white and legible on immersion in water, thus 
forming a white sympathetic ink. The same characters are rendered 
brown or black by solution of sulphuretted hydrogen. It is sometimes 
stated, that the salts of bismuth are blackened by exposure to light, but 
such an effect depends upon their containing a minute portion of silver. 
The crystallized nitrate is a hydrated salt, composed of 


Oxide of bismuth 

1 

80 

49.7 

Berzelius. 

. . 48.8 

Nitric add . . 

1 

. 54 

33.6 

. . 33.7 

Water .... 

3 

. 27 

16.8 

17.6 


— 

— 

- 




1 

161 

100.0 

100.0 


The subnitrate^ formed by the action of water on the nitrate, and 
dried at 212°, consists of 

Orouvelle. 

Oude of bismuth 4 . . 320 . . 81.7 . . 81.37 

Nitric acid . . 1 . . 64 . . 13.8 . . 13.97 

Wmt .... 2 .. 18 .. 4.5 .. 4.66 

1 392 100.0 100.00 

SulFhuret OF Bismuth (6z -|-8) is of a bluish colour and metallic 
lustre; it is less fusible than bismuth, and is reduced by hydrogen at a 
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red-heat, 'sulphuretted hydrogen being evolved. (H. Bose.) It con- 
sists of 


Bismuth 

1 . 

. 72 . 

. 81.8 

Lagerhielm. 

. . 81.619 . 

J. Davy. 

. 81.8 . 

H. Rom. 
NaHoe. 

. 80.98 

Sulphur 

1 . 

. 16 . 

. 18.2 

.. 18.381 . 

. 18.2 . 

. 18.72 


1 

88 

100.0 

100.000 

100.0 

100.00 


Native Sulphuret of Bismuth has been found in Cornwall, Bohemia, 
Saxony, and Sweden. It occurs massive and acicular, its lustre is 
metallic, and its colour blueish-gray. It is a very rare mineral. 

Hydrosulphubet op Bismuth (Bi+^ 0 thrown down in the form 
of a dark-brown powder, when the salts of bismuth are decomposed by 
sulphuretted hydrogen, or by an alkaline hydrosulphuret. 

Hyposulphite of Bismuth has not been examined. 

Sulphite op Bismuth (Bi-|-S) is an insoluble white powder, which 
is not taken up by excess of the acid. (Fourcroy.) 

Hyposulphate of Bismuth has not been examined. 

Sulphate of Bismuth (Bi-|-S/) is obtained by dissolving the oxide 
in sulphuric acid and evaporating to dryness, or by heating powdered 
bismuth in sulphuric acid. It is a white compound, insoluble in, but 
decomposed by, water, which converts it into a subsulphate and super^ 


sulphate. The sulphate consists of 



Lagerhtelm. 

Oxide of bismuth 1 . . 

80 

66.6 

. 66.36 

Sulphuric acid .1 

40 

33.4 

. 33.65 

1 

120 

100.0 

100.00 

The subsulphate consists of 



Benelius. 

Oxide of bismuth 3 . . 

240 

86.9 

. . 86.6 

Sulphuric acid . . 1 

40 

14.1 

14.5 

1 

280 

100.0 

100.0 


Phosphuret op Bismuth does not, according to Pelletier, 

exist ; at least, it cannot be formed by the usual process of projecting 
phosphorus upon the hot metal. When phosphuretted hydrogen gas is 
passed into nitrate of bismuth, a dark-brown precipitate ensues, which, 
when collected and distilled, loses the whole of its phosphorus. 

Neither the hypopkosphite^ nor phosphite^ have been examined. 

Phosphate op Bismuth is formed, according to W'enzel, by digesting 
the oxide in phosphoric acid ; an insoluble subphosphate, and a soluble 
and crystallizable phosphate, are the results. 

Selenubet op Bismuth is a silver-white compound. 

Carbonate of Bismuth is thrown down from the nitrate by car- 
bonated alkalis: it is a white powder, insoluble in carbonic aci^ and 
probably a subcarhonate. 

Cyanuret of Bismuth has not been formed. Ferrocyanuret oi Bis- 
muth, formed by double decomposition, is a white or yeUowish powder, 
soluble in nitric acid, and precipitated again by water. (Ittner.) The 
red ferrocyanuret (ferrosesquicyanuret) of potassium produces a brown 
precipitate in nitrate of bismuth. 
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Boratb of Bismuth is a white powder, insoluble in water. 

Allots of Bismuth. Bismuth forms alloys, some of which are 
remarkable for their fusibility. With go/d, platinum^ and silver^ it forms 
brittle compounds. A compound of 8 parts of bismuth^ 6 of /eadf, and 
3 of /w, liquefies at 212®; it is called Sir I. Newton's fusible metal. 
The addition of one part of mercury renders it yet more fusible. 
Bismuth enters into the composition of soft solders. These alloys are 
mostly white, brittle, and easily oxidated. Combinations of bismuth 
with potassium and sodium may be obtained by the same process as the 
corresponding alloys of antimony. 

Characters op the Salts of Bismuth. In the clear acid solutions 
of oxide of bismuth, potassa and ammonia, and their carbonates, produce 
white precipitates, insoluble in excess of the precipitant. Hydrosulphuret 
of ammonia and sulphuretted hydrogen produce brown or black preci- 
pitates, easily reduced to metallic bismuth when mixed with soda, and 
fused in the inner flame of the blowpipe. Chloride and nitrate of bis- 
muth are decomposed by the immersion of plates of zinc, cadmium, tin, 
iron, and lead : the metal is commonly thrown down in the form of a 
black crystalline powder, except by iron, which at first produces it with 
metallic lustre. Before the blowpipe, oxide of bismuth melts readily, 
in a spoon, to a brown glass, which becomes brighter as it cools. With 
microcosmic salt it forms a gray-yellow glass, which loses its transparency, 
and becomes pale when cool : add a further proportion of oxide, and it 
becomes opaque. With borax it forms a gray glass, which decrepitates 
in the interior flame, and the metal is reduced and volatilized. It is 
readily reduced by itself on charcoal. 

§ XIX. URANIUM. 

Uranium was discovered by Klaproth in 1789, and named after the 
planet discovered by Herschel in the same year. Its ores are few 
and scarce. The native phosphate is contained in the mineral termed 
Vranitey or Uranitic Mica. Its crystalline form is the cube, and several 
modifications ; it often occurs in thin quadrangular plates. It exhibits 
various shades of yellow and green. It has been found in France ; and 
of great beauty near Callington, in Cornwall. The ferriferous oxide of 
uranium was formerly mistaken for an ore of zinc, and called Pechblende^ 
till Klaproth, in 1789, demonstrated it to contain uranium* It is a com- 
pound of protoxide of uranium and iron, with lead, copper, and other 
substances. From this ore uranium may be obtained by the following 
process : Reduce it to powder, and expose it to heat in a mufile ; then 
digest in nitric acid, diluted with four p^s of water, taking care to 
employ excess of the mineral, by which the solution of the iron is nearly 
prevented. The nitric solution is filtered, and sulphuretted hydrogen 
passed through it to throw dpwn lead and copper ; the clear solution 
being poured off, is boiled, filtelred, and evaporat^, and crystals of nitrate 
of uranium are deposited : wheii these are heated they are decomposed, 
and at a red^heat, protoxide of uraniiim remains. 

Uranium was obtained, by Arfwedson, by passing hydrogen over the 
protoxide, heated in a glass tube. It is crystalline, of a metallic lustre, 
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of a gray-brown colour, brittle, and very difficult of fusion ; its specific 
gravity has not been ascerta^ed with precision. Bucbolz states it as = 
9.0. (Gehlen's Journal^ iv.) Hitherto few experiments have been made 
upon this metal. It appears susceptible of two degrees of oxidizement, 
and its equivalent, deduced from the experiments of Arfwedson, Berze- 
lius, and Schonberg, may be estimated at about 217 * 

Protoxide of Uranium (2^7* +0) is obtained by strongly heating the 
pernitrate : it is of a dark-green colour; it is very feebly acted on by the 
greater number of the acids, and the solutions and salts are green : nitric 
acid converts it into peroxide. When it is precipitated in the form of 
hydrate^ by caustic potassa, it is much more soluble, but, if boiled, it 
loses water, and becomes ^rk-coloured and difficultly soluble. When 
precipitated by carbonate of ammonia it redissolves in excess of that 
precipitant, and forms a green solution. Protoxide of uranium con- 
sists of 

Schonberg. Uiichulz. Arfviredzon. Berzelius. 

Uranium I ... 217 . . 96.44 . . 94 . . 95.1 . . 96.443 . . 96.446 

Oxygen 1 .. 8 .. 3.50 .. 6 .. 4.9 . . .3.557 .. 3.554 

1 225 100.00 100 100.0 100.000 100.000 

Peroxide of Uranium : Sesquioxide op Uranium : Uranic Acid. 
(VT + 1 ^ 0.) When a solution of nitrate of uranium is precipitated by 
caustic potassa, a yellow powder falls, which was regarded as a pure 
hydrated peroxide, but it always retains potassa, so that the peroxide of 
uranium appears to act the part both of base and acid ; if other precipi- 
tants are employed, they also are in part carried down by it, and the 
peroxide cannot thus be obtained pure. As thrown down by potassa, it 
is soluble in the carbonated alkalis, with which it forms double salts ; and 
we are thus enabled to separate uranium from iron. Peroxide of uranium 
is not precipitated by sulphuretted hydrogen ; a strong heat decomposes 
it, and converts it into protoxide : it is sometimes used to produce a 
deep-yellow upon porcelain. Arfwedson has shown that when the com- 
binations of peroxide of uranium with baryta or with the oxides of iron, 
lead, or copper, are heated in a stream of hydrogen, water is formed ; 
and the residue, cooled in hydrogen, takes fire on exposure to air. 

The statements of different chemists respecting the composition of 
these oxides are much at variance. According to Thomson, the equivalent 
of uranium is 208, that of the protoxide 210, and of the peroxide 224 ; 
but Berzelius and Arfwedson (Ann. of PhiL^ N, 5., ii.) state that the 
oxygen in the protoxide is to that in the peroxide as 1 to 1.5 ; hence the 
composition of the latter appears to be 

Arfwedzon. Schonberg. 

Uranium 1 . . 217 . . 94.76 . . 94.733 . . 91.3 

Oxygen li . . 12 . , 5.24 . . 5.267 • * 

T 229 looioo 100.000 100.0 

The mineral called uranitic ochre is generally considered as a hydrated 
peroxide. 

Chlorides of Uranium. When the muriatic solutions of the oxides 
of uranium are evaporated to dryness, and heated in a small retort, they 
lose water, and chlorides remain, which are readily soluble in water, 
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iAoqIiqIi aid ether. The ethereal solation of the perchloride, exposed to 
Ul^ti becomes dirtjr-green and turbid, ^ese chlorides correspond in 
comporirion with the oxides. ^ 

PoTASSA-GHLOBiDS OF Uranium mystalUzes from its concentrated 
solution, and forms a triple salt, soluble in alcohol. 

The action of iodine^ hrominey and fluorine upon uranium has not 
been examined. 

Nitrate op Uranium, formed as above directed, yields yellow 
prismatic and tabular crystals, very soluble, and somewhat deliquescent 
in a moist air. They are also readily soluble in alcohol and ether, and 
when the latter solution is exposed to light, it is decomposed, becomes 
green, and deposits the protoxide. They consist of 

Bnrhoir Biando. 


Peroxide of uranium 

1 

. . 229 

. . 62.91 . 

. 61 

. . 60.7 

Nitric acid . . . . 

li 

81 

. . 22.26 . 

. 251 

39 3 

Water 

6 

54 

. . 14.84 . 

• nJ ' 



1 

364 

100.00 

100 

100.0 


SuBNiTBATE OF Uranium, upon the authority of Bucholz, is formed 
by heating the nitrate, which renders a part insoluble in water, and 
separates in the form of a yellow powder. 

Ammonio-nitrate of Uranium is a yellow ciystallizable salt. 

SuLFHURET OF Uranium was obtained by Rose, by passing the 
vapour of sulphuret of carbon over the protoxide, at a high heat. The 
alkaline hydrosulphurets form black precipitates in the pure solutions of 
uranium. 

Protosulphate of Uranium forms green prismatic crystals : it may 
be formed by boiling the protoxide in sulphuric acid. With sulphate 
of potassa it produces a triple salt. 

Persulphate of Uranium forms yellow prismatic crystals, decom- 
posable by heat, and, according to the analysis of Bucholz, consisting of 
70 oxide, 18 acid, 12 water, = 100. Its alcoholic solution becomes 
ethereal and green when exposed to the sun’s rays, and deposits a preci- 
pitate, which is a subsulphate of the protoxide. According to John, 
these sulphates are occasionally found native. {Ann. of PhiLy viii., 390, 
2nd series.) 

Potassa-pebsulphatb of Uranium. When a mixture of persulphate 
of uranium and sulphate of potassa is evaporated to ciystallization, yellow 
granular ciystals are obtained, composed, according to Berzelius, of 


Potassa 3 . . 144 . . 16.34 

Peroxide of uranium 2 . . 458 . . 62.85 

Sulphuric add . . 6 . . 240 . . 27.69 

Water 3 . . 27 . . 3.12 


1 869 100.00 

Phosphuret of Uranium has not been examined. 

Perphosphate of Uranium is thrown down by phosphoric acid from 
the peracetate: it is a difficultly-soluble yellow sdt: it is soluble in 
excess of phosphoric acid, and in carbonate of ammonia. (Laugier, Ann. 
• de Chitn. et Phgs.y xxiv., 239.) It exists native in the micaceous ore 
of uranium. It consists of 
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Peroxide of uranium 

1 / • 

229 

62.91 

Laugier. 
. . 61. 

Phosphoric acid . . 

11 1^. 

54 

14.84 

. . 16L6 

Water ..... 

9 

81 

22.26 

22. 


1 

364 

100.00 

99.6 


Percarbonate of Uranium is precipitated by a carbonated alkali 
from the solutions of the peroxide, but it loses carbonic acid on drying. 

Cyanuret op Uranium is thrown down in tl^ form of a yellow 
powder, by solutions of cyanuret of pctassium. 

Ferrogyanuret op Uranium is thrown down in the form of a rich 
brown, and very characteristic precipitate: in colour, it much resembles 
the ferrocyanuret of copper. 

Characters op the Salts op Uranium. The protosalts of uranium 
liare a green, and the persalts a yellow colour, and an astringent metallic 
taste. Potassa forms in the solutions of the latter a yellow precipitate, 
and carbonate of potassa a straw-coloured precipitate: both ^ese preci- 
pitates are insoluble in excess of pure alkali, but dissolve in the alkaline 
carbonates. Ferrocyanuret of potassium and tincture of galls produce 
brown precipitates in solutions of umnium. The salts are mostly soluble 
in alcohol and in ether, and acquire a green colour by exposure to the 
sun’s rays. The protosalts have been veiy little examined. Uranium is 
not thrown down in a metallic state by any of the other metals. Before 
the blowpipe the peroxide of uranium becomes green or greenish-brown. 
With microcosmic salt in the interior flame it forms a clear yellow glass, 
the colour of which becomes more intense when cold. If long exposed 
to the exterior flame, and frequently cooled^ it gives a pale yellowish-red or 
brown glass, which becomes greenish as it cools. With borax in the interior 
flame, a clear, colourless, or faintly green glass is formed, containing 
black particles, which appear to be the metal in its lowest state of oxida- 
tion. In the exterior flame this black matter is dissolved, if the quantity 
be not too great, and the glass becomes bright yellowish-green, and after 
further oxidation yellowish-brown. If brought again into the interior 
flame, the colour gradually changes to green, and the black matter is 
again precipitated, but no further reduction takes place. 


§ XX. TITANIUM. 

Titanium was first recognised as a distinct substance by Mr. Gregor ; 
some of its compounds were also examined by Klaproth, who named it 
Titanium^ after the Titans of ancient mythologyi (See his Analysis of 
the Bed ^horl of Hungary, Beitrage^ i., 233.). For our knowledge of 
the properties of Titanium in its metallic state we are chiefly indebted to 
Dr. Wollaston, who discovered it in small cubic crystals, haying the 
lustre of burnished copper, in the slag of the iron-fumaces at Merthyr 
lydvil, in South Wales, {Phil, Trans,^ 1823, p. 17*) These crystals, 
which have been found in similar slags from other sources, are titanium, 
almost absolutely pure: they have the following properties : They are so 
hard as to scratch rock-crystal ; they are not acted on by nitric, muri^ri<^ 
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middi tm are they aduble in nitro^muriatie acid. Before 
» fliey are iiifuuble; they arM^oweyer, euperficially oxidized 
ed Imt, becoming of a puip^r red colour. Borax has no 
pBf but only removes the superficial oxide. Nitre oxidizes 
s sur&ce. The combined action of nitre and borax soon 


effects their solution ; but as these salts do not unite hy fusion, the addi- 
tion af soda accelerates their action. The fused mass becomes opaque on 
codffiig by the deposit of a white oxide, which may either be previously 
fmed of the salts % boiling water, and then dissolved in muriatic acid, 
or the whole mass may be at once dissolved together. In either case, 
ftllfAlis precipitate from the solution a white oxide, insoluble in excess of 
alkali, either pure or carbonated. By evaporating the muriatic solution 
to dryness at 212% it is freed of redundant acid, and a soluble muriate 
remains, in a favourable state for exhibiting the characteristic properties 


of the metal. 


Titanium exists in the state of oxide in the minerals called htamte 


and menachanite. Titanite is a nearly pure oxide of titanium ; it is of a 
brown colour, and occurs embedded in the quartz and granite of pidmrtive 
countries, and sometimes traverses rock-crystals in fine hair-tike fila- 
ments. In this country, it occurs at Beddgelert, in Caernarvonshire; and 
near Killin, in Scotland. The finest specimens are those from the vicinity 
of Mont Blanc and St. Goihard. The mineral, known by the name of 
anataae^ octoedrite^ and oysamie^ is nearly of the same nature as titanite. 
It is found in Bavaria, Norway, Switzerland, and in the valley of Oysans 
in France. Menachanite consists principally of oxides of titanium and 
iron ; it is found in the bed of a small stream at Menachan, in Cornwall. 


Nigrine^ iserine^ rutilile^ and sphene^ are also ores of titanium. 

According to Laugier {Ann. de Chim.^ Ixxxix., 306), the m^tal may 
be obtained from titanite by fusion with potassa ; the fused mass, washed 
with water, leaves oxide of titanium, containing a little iron ; it is to be 
dissolved in muriatic acid, and precipitated by oxalic acid. The oxalate 
affords the metal by intense ignition with charcoal : it is, however, not 
possible to obtain it in any state of agglutination. Fronf menachanite^ 
white oxide of titanium may be obtmned by fusing it with potassa, and 
adding muriatic acid to the alkaline solution, so as merely to neutralize 
the alkali and precipitate the oxide ; to separate a little adhering iron, 
this must be dissolved in excess of muriatic acid, and precipitated by 
oxalic acid as before. 


Liebig prepares metallic titanium by putting fragments of recently- 
made chloride of titanium and ammonia into a glass tube, half an inch 
wide and two or three feet long, transmitting through it a current of 
perfectly dry ammonia, and, when atmospheric air is entirely displaced, 
applying heat until the glass softens: complete decomposition ensues, 
nitrogen gas is disengaged^ hydrochlorate of ammonia sublimes, and 
metaUic titanium is left in the state of a dark blue-coloured powder. If 
exposed to the air while warm, it is apt to take fire. (Turner.) 

The equivalent of titanium has not been very satisfactorily deter- 
mined; Gmelin adopts 31, Dr. Turner 24.3, Dr. Thomson 26 ; I have 
assumed 24, as the whole number, which, according to Dr. Turner, is 
most consistent with the experimental results of Rose. 
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• OxTDBS OF Titanium. Titanium appears to^ be suscej^le of two 
degrees of oxidizement. Tlmameral c^led anatase^ is te^feed as the 
protoxide^ but its composiMr has not been determined mK accuracy. 
When peroxide of titanium is intensely heated with charcojBor when a 
plate of zinc is immersed in a solution of chloride of titanffin, a purple 
powder is obtained, which appears to consist of 

Titanium .... 1 . . 24 75 

Oxygen .... 1 . . 8 . . 25 

1 32 * 100 

Peroxide OF Titanium: Titank Acid (Tx+aO) may be obtained 
from rutilite, by fusing it in fine powder, in a platinum crucible, with 
thrice its weight of pure carbonate of potassa : a gray mass is obtained, 
which, after haring been washed with water, is dissolved in muriatic 
acid, and on diluting with water, and boiling the solution, the greater part 
of the oxide of titanium is precipitated ; it is collected, and washed with 
very dilute muriatic acid. In this state it still is apt to retain traces of 
iron and manganese, which may be separated by digesting the moist 
precipitate with hydrosulphuret of ammonia, w^hich forms sulphurets with 
the iron and manganese, but does not afiect the oxide of titanium. 
Dilute muriatic ac^d removes the sulphurets ; and the oxide of titanium, 
after being again washed and heated red-hot, is pure. (Rose, Ann. de 
^ Chim. et Phys.^ xxiii.) 

Titamferous Oxide of Iron^ which is more abundant than rutilite, 
may also be used as a source of titanium ; it is pulverised, washed, and 
exposed at a high red-heat in a porcelain tube to the action of a current 
of dry sulphuretted hydrogen, as long as water is evolved : the oxide of 
iron is*convertcd into sulphuret, but the oxide of titanium undergoes no 
change: the product, when cold, is digested in muriatic acid, which 
leaves titanic acid mixed vrith sulphur, from which it may be freed by 
heat ; but as it still retains some iron, it must be^again subjected to the 
action of the current of sulphuretted hydrogen in the porcelain tube ; if 
afterwards treated by muriatic acid, well washed, and ignited, it is white 
and pure. (Rose, Ann. de Phys.. Ixxxviii., and Ann. de Chim. et Pkys., 
xxxviii., 131.) 

This oxidt' of titanium is white, and very infusible, and difficult of 
reduction : when recently precipitated it dissolves in «ome of the acids, 
but becomes nearly insoluble after it has been ignited. Its solution in 
muriatic acid is always* very sour, and part of the oxide falls doivn when 
it i^ heated to the boiling-point, W by careful evaporation to dryness, a 
soluble chloride remains.. It is precipitated by the pure and carbonated 
alkalis ; infusion of galls, and ferrocyanuret of potassium throw it dowirof 
a characteristic red colour. When a rod of zinc is immersed ii^the 
muriatic solution of peroxide of titanium, a purple precipitate (probably 
of the protoxide) is obtained ; but it acquires oxygen, and becomes white. 
The recently-precipitated peroxide is with difficulty separated from water 
upon a filter, but passes through in a milky state ; the addition of a little 
acid or alkali facilitates its separation. It seems doubtful whether thili 
oxide forms any definite salts with the acids : it unites with the aUodift, 
and has thence been termed titanic acid. It probably consisttf t»f 

• 3 B 
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SALTS OV TITANIUM. 


Titanium . . 

. . 1 

24 

60 

Oxygen . . . 

. . 2 

16 

. . 40 


1 

40 

100 


. Chloride op Titanium was obtained by Mr. George, {Annals ^PhiL<, 
N, ix., 18,) by passing dry chlorine over metallic titanium, hlated to 
redness. It is a dense, transparent, and colourless fluid, fuming when 
exposed to air. It boils at a little above 212°, and acts violently upon 
water, evolving chlorine, and furnishing, when the water is not in excess, 
a white salt, very soluble, and deliquescent. 

The density of its vapour is, according to Dumas, {Ann. de Chim, et 
Phys.^ xxxiii., 388,) 6.836, and considering one volume of this vapour 
as composed of one volume of titanium vapour, and two volumes of 
chlorine, he deduces the equivalent of titanium = 26.4. When this 
chloride is exposed to ammoniacal gas it absorbs it, and becomes solid, 
forming the coqipound from which Liebig, as above stated, obtained 
metallic titanium. Assuming this to be a bichloride^ it consists of 


Titanium . 

t • • 

1 

24 

25 

Chlorine 

. . . 

2 

72 

. . 75 



1 

96 

100 


Fluoride of Titanium. The peroxide of titanium readily dissolves 
in hydrofluoric acid. When this solution is saturated with potassa and 
evaporated, a iitanqfluoride of potassium is the result, composed, accord- 
ing to Berzelius, of 1 atom of bifluoride of titanium + 1 atom of fluoride 
of potassium. Many other protoxides may bo substituted for potassa; 
and hence the class of double salts which have been termed titano- 
Jluorides. 

SuLPHURET OF Titanium was obtained by M. Eose, by passing the 
vapour of sulphuret of carbon over peroxide of titanium. It has a dark- 
green colour and metallic lustre. {Quarterly Journal^ xvi., 97.) It is 
stated to consist of 


Titanium . . 

. . 1 

24 

42.8 

Sulphur . . , 

.2 

32 

57.2 


1 

56 

100.0 


Phosphuret of Titanium is formed, according to Chenevix, by 
heating the phosphate with charcoal ; it has a white metallic lustre, and 
is brittle. 

Phosphate of Titanium falls when phosphoric acid is added to 
solution of peroxide of titanium in muriatic acid, in the form of a bulky 
white precipitate, which dries into a gummy mass. (H. Eose.) 

Titaniate of Potassa. The peroxide of titanium may be united 
by fusion with several bases, forming a class of compounds which 
have been termed Titaniates. When thus fused with potassa it yields 
8 compound, from which water abstracts potassa, and leaves a white 
powder, composed of 18 potassa -f 82 peroxide of titanium, and which is 
soluble in muriatic acid. (H. Eose.) 

Characters of the Salts of Titaniuh. Titanium is not thrown 
down in the metallic state by any other metal. The bulky red precipitate 



CBKIUM. 


739 

which its solutions afford with infusion of galls, is very characteristic : 
the other properties of its co|H|)unds will be evident from the preceding 
paragraphs. Before the blo^ppe, oxide of titanium becomes yellowish 
when ignited in a spoon, alid upon charcoal dark-brown. With micro- 
cosmic ^t it gives in the interior ffame a fine violet-coloured glass, more 
tending to blue than that from manganese. In the exterior flame this 
colour disappears. With borax it gives a dirty hyacinth-colour. 

§ XXI. CERIUM. 

This metal, which is named after the planet Ceres, was obtained, in 
1803, by Hisinger and Berzelius, from a mineral found at Bastnas in 
Sweden, to which they have given the name of cerite. It was originally, 
in consequence of its density, called heavystone (schwerstein), and was 
considered by Klaproth as containing a peculiar earth, which he called 
ochroit. Cerium also occurs in gadolinite^ and several other minerals of 
Fahlun ; and in orthite^ which is not an uncommon ingredient of Scan- 
dinavian granite. It is also contained in Allanite^ a mineral from Green- 
land, first distinguished as a peculiar species by Mr. Thomas Allan, of 
Edinburgh. It contains, according to Dr. Thomson's analysis, about 
40 per cent, of oxide of cerium. 

To obtain cerium, the ore is calcined, pulverized, and digested in 
nitro-muriatic acid. To the filtered solution, from which part of the 
excess of acid has been boiled off^ oxalic acid is added, which occasions 
a white precipitate: this, when dried and ignited, is peroxide of cerium^ 
but it is extremely difficult of reduction. Mr. Children succeeded in 
fusing it by the aid of his powerful Voltaic apparatus, and when intensely 
heated it burned with a vivid flame, and was partly volatilized. Vau- 
quelin describes cerium as a hard white brittle metal, {^Ann. de Chim.^ 
iv.) and as only soluble in nitromuriatic acid. Mosander obtained it by 
heating the dry chloride with potassium; violent action ensues, and a 
gray alloy of cerium and potassium results, which evolves hydrogen 
when put into water, and leaves the cerium in the form of a gray metallic 
powder, which, when dried and heated, bums brilliantly into an oxide, 
and is soluble in the weakest acids with the evolution of hydrogen. The 
equivalent of cerium may be assumed as 48. (46 Gmelin and Turner.) 

Protoxide of Cerium (CC + O) is white, and may be obtained by 
precipitation from its muriate ; it forms salts with the acids, from which 
the alkalis throw down a white hydrate ; the carbonated alkalis a white 
carbonate, soluble in excess of the precipitant ; and oxalate of ammonia 
a white oxalate. 

Berzelius obtains protoxide of cerium as follows ; — Cerite (composed 
according to Hisinger, of 68.6 oxide of cerium, 18 silica, 1.25 lime, 2 
oxide of iron, and 9.75 water,} is boiled in nitromuriatic acid, and the 
solution evaporated to dryness. The residue, after having been gently 
heated, is again dissolved in water, and the solution precipitated by 
benzoate of ammonia, which throws down the iron: the remaining 
solution is precipitated by caustic ammonia, and the precipitate (which is 
a mixture of the oxides of cerium) dissolved in muriatic acid, evaporated 
to dryness and heated to redness in a retort as long as it smells of 

3b2 
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chlorine. The residuary salt is dissolved in water and precipitated by 
caustic potassa. This precipitate, which y^ydrated protoxide of cerium^ 
presently becomes yellow by exposure ^^air, and cannot be obtained 
free from water, for all attempts to dry it are attended by its partial 
peroxidizement. Protoxide of cerium consists of iiisinger 

Cerium ... I . . 48 • . 85.7 • • 85.19 

Oxygen ... 1 . . 8 . . 14.3 . . 14.81 

1 56 100.0 100.00 

SuBPEHoxiDE OF Cerium ? {Ceroxyd-oxidul of Berzelius) is ob- 
tained by subjecting the peroxide of cerium at a red-heat to the action 
of hydrogen gas; or by subjecting the oxalate or carbonate of the 
protoxide of cerium to a white-heat. It is a lemon-yellow powder, 
soluble in muriatic acid with the evolution of chlorine, and which, when 
heated in the air, becomes peroxide. It has not been analyzed. 

Peroxide of Cerium ; Sesquioxide of Cerium, (fie + 1^0.) When 
protonitrate of cerium is decomposed at a red-heat, or when protocar- 
bonate of cerium is heated in the air, this oxide is obtained in the form 
of a red powder. It is soluble in the acids, and when acted on by 
muriatic acid, it evolves chlorine : these solutions, when decomposed by 
potassa, afford a bulky precipitate of hydrated peroxide of cerium ; it is 
pale-yellow when moist ; dark-yellow when dried. Ammonia generally 
throws down subsalts from these solutions. The moist hydrate is 
insoluble in the caustic alkalis. This oxide consists of 


Cerium 

. . 1 

48 

80 

llisingpr. 

79.31 

Oxygen . 

. . li . 

12 

20 . . 

20.69 


1 

60 

100 

100.00 


Chloride OF Cerium. (C^+C.) When the solution of the prot- 
oxide in muriatic acid is evaporated to dryness, a deliquescent proto- 
chloride is obtained, which is readily soluble in water and in alcohol ; the 
latter solution burns with a green sparkling flame. The peroxide of cerium 
also dissolves in muriatic acid, furnishing a brown solution : but when it 
is gently heated chlorine is evolved, and a protochloride formed. Chloride 
of cerium consists of 


Cerium . . 

. 1 

48 

. . 57.2 

Oxygen . . 

. 1 

36 

. . 42.8 


1 

84 

100.0 


Fluoride of Cerium (Ce+^) is an insoluble yellow powder ; it has 
been found native in the mines of Fahlun, in Sweden; and it exists in 
the mineral called yttrocerite^ combined with the fluorides of yttrium 
and of calcium. 

SuLPUURET OF Cerium may be obtained, according to Mosander, by 
passing the vapour of sulphuret of carbon over red-hot carbonate of 
cerium ; or by fusing oxide of cerium with excess of sulphuret of 
potassium, and removing the soluble parts by washing with water. It 
is an orange-coloured compound, and appears to consist of 


Cerium . . 

. . 1 

48 


75 

Berzelius. 

74 

Sulphur . . 

. . 1 

16 

. . 

25 

26 


1 

64 


100 

100 
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Hyposulphatb of Cerium, formed by ''spontaneous evaporation of a 
solution of protocarbonate in|j[^yposulphuric acid, crystallizes in delicate 
colourless prisms containing 42.79 of protoxide per cent. 

Protosulpiiatb op Cerium may be obtained by digesting the proto- 
carbonate in dilute sulphuric acid : it yields small crystals, of a purplish 
tint, and difficultly soluble in water. 

Persulphate op Cerium is a lemon-yellow salt, from which a red-heat 
expels half the acid, and converts it into a red subpersulphate. 

Protosulphati^of Cerium and Potassa. This double salt is obtained 
when solid sulphate of potassa is added to a solution of a protosalt of 
cerium : as it dissolves, a white powder falls, which is the potassa-sul- 
phate of cerium, and in this way, by using excess of sulphate of potassa, 
the whole of the cerium is thrown down : the double salt, though 
soluble in water, is insoluble in solution of sulphate of potassa. It is 
deposited from its solution in boiling water in small crystals of a pale 
amethyst colour. At a red-heat it fuses, but is not decomposed : the 
alkalis throw down a basic salt from its solution, which can only be 
perfectly decomposed by long digestion in excess of alkali. This is the 
most characteristic salt of cerium, and it serves to separate the oxide 
of cerium, in analytical operations. (Berzelius.) 

PiiosPHURET OF Cerium has not been obtained. 

Protophosphate of Cerium is an infusible white powder, somewhat 
soluble in muriatic and nitric acids, but insoluble in excess of phosphoric 
acid. 

Carburet op Cerium is obtained, according to Mosander, by heating 
the oxalate in a retort. 

Protocardonate of Cerium is precipitated by the carbonated alkalis, 
in the form of a white powder, insoluble in water and in excess of 
carbonic acid. It is decomposed by a strong heat, and if exposed to air, 
peroxide of cerium remains, but if air be excluded, the subperoxide 
(oxyd-oxydul) remains. (Hisinger and Berzelius.) It has been found 
native. When protoxide of cerium is exposed to air it gradually absorbs 
carbonic acid. 

Percarbonate of Cerium much resembles the protocarbonate in 
appearance, but it is heavier, and of a less pure white colour. 

The remaining combinations of cerium, with the exception of some 
of its triple salts, have not been examined. 

Character of the Salts of Cerium. The protosalts of cerium are 
colourless, or slightly purple, of a sweet and astringent taste, and bear 
much general resemblance to the salts of yttrium. They are unaltered 
by sulphuretted hydrogen, but are precipitated by the hydrosulphuretted 
alkalis. Ferrocyanuret of potassium occasions in them a white preci- 
pitate. The salts of the peroxide are of a yellow colour, and the 
hydrosulphurets occasion in them a white precipitate. None of the 
other metals precipitate cerium in a metallic state. 

Before the blowpipe the oxide of cerium becomes red-brown when 
ignited. When the proportion is small, it forms with the fluxes a clear, 
colourless glass, which by increasing the proportion of oxide becomes 
yellowish-green while hot. With microcosmic salt, if heated a long 
time in the internal flame, it gives a clear colourless glass. With borax, 
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under similar circumstances, it gives a faint yellow-green glass while 
warm, but is colourless when cold. Exposed again for some time to the 
exter]^ flame, it becomes reddish-yellow, which colour it partly retains 
when cold. If two transparent beads, one of the compound with micro- 
cosmic salt, the other with borax, be fused together, the triple compound 
becomes opaque and white. 

§XXII. TELLURIUM. 

In the year 1782, Muller, of Reichenstein, showed that the ores of 
tellurium contained a peculiar metal, and his opinion was verified by 
Klaproth in 1798, who named it Tellurium^ from tellus^ the earth. 

The ores of tellurium are, 1. Native^ in which the metal is combined 
with iron and a little gold. 2. Graphic ore^ which consists of tellurium, 
gold, and silver. 3. Yellow ore^ a compound of tellurium, gold, lead, 
and silver ; and 4. Black ore^ consisting of the same metals with copper 
and sulphur. These ores have only been found in the Transylvanian 
mines, and in Siberia. 

The metal is extracted from them by precipitating their diluted 
nitro-muriatic solution by potassa, which is added in excess, so as to 
redissolve the precipitate : the clear liquor is then poured off, and 
saturated with muriatic acid, w^hich afibrds a precipitate of oxide of 
tellurium. This, heated in a glass retort with charcoal, furnishes the 
metal, part of which sublimes. Tellurium is of a bright-gray colour, 
brittle, easily fusible, and volatile. Its specific mvity is 6.1 to 6.3. 

Oxide op Tellurium; Tellurous Acid. Exposed to heat 

and air, tellurium readily bums, exhaling a peculiar odour, which Berzelius 
ascribes to selenium, and forming a yellowish- white oxide, consisting, ac- 
cording to Klaproth, {Beitrdge, vol. iii.,)of tellurium 100 -f oxygen 20.5. 
Oxide of tellurium is also obtained by evaporating the nitrate to dryness, 
and exposing the residue to a dull red-heat. If it be precipitated from its 
solutions by alkalis, it generally retains a portion of the precipitant. 

Dr. Turner adopts, as the result of the latest experiments of Berze- 
lius, the number 64.2 as the equivalent of tellurium, and considers the 
present oxide as constituted of 1 equivalent of the metal 2 of oxygen. 
\Poggendorfff xviii., 392.) If it be a protoxide, it will consist of 


Tellurium . 
Oxygen . . 

. 1 

. 1 

.. 32 

8 

. . 80 . 

. . 20 . 

UerzeliuB. 

. . 80.11 . 

. 19.89 . 

Klaproth. 

. 83.14 

. 16.86 


1 

40 

100 

100.00 

100.00 


Peroxide of Tellurium ; Telluric Acid. When the above oxide 
is deflagrated with nitre, it is converted, according to Berzelius, into 
telluric acid : this compound may also be obtained by passing chlorine 
through the solution of the oxide in potassa till it is fully saturated : 
slight excess of nitric acid, and a little chloride of barium are then 
added to separate any accidental traces of sulphuric or of selenic acids ; 
the filtrated liquor is neutralized by ammonia, and chloride of barium 
added, which occasions a precipitate of tellurate qf baryta; this, 
£gested with a fourth of its weight of sulphuric acid, (diluted with 
water), yields a solution which when filtered and carefully evaporated^ 
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yields crystallized hydrated telluric acid^ from which adhering sulphuric 
acid may be removed by alcohol. This hydrate loses its water by heat, 
and the anhydrous actd^ of a lemon-yellow colour, remains, constituted, 
according to Berzelius, of 

Tellurium ... 1 . . 32 . . 72.76 

Oxygen ....!( . . 12 . . 27.25 

1 44 100.00 

Chloride of Tellurium is a white fusible compound, formed by 
heating the metal in chlorine. According to Davy, {Elements^ p. 410,) 
it consists of 2 tellurium + 1.85 chlorine ; but his experiments were made 
upon a very limited quantity of materials. The solution of oxide of 
tellurium in muriatic acid is precipitated as a subsalt by water ; excess 
of water redissolves it. Rose has described a bichloride^ (Poggendorff, 
xxi. 443), and' according to him, these chlorides form violet rapours, 
which condense, the one into a black, the other into a white, solid. 

Iodide op Tellurium. Iodine readily combines with tellurium, 
forming a deep-brown compound, which dissolves in water. 

Tellurium and Hydrogen unite in two proportions : when tellurium 
is negatively electrized in contact with water, a brown powder is pro- 
duced, which is the solid hydrurel : when an alloy of tellurium and tin 
is acted on by muriatic acid, telluretted hydrogen gas is evolved ; it 
reddens litmus, dissolves in water, and possesses the general habitudes of 
sulphuretted hydrogen ; it consists, according to Berzelius, of 

1 proportional of tellurium . . . r= 32 

I „ „ hydrogen ... = I 

33 

in which case, 100 cubical inches must weigh 69.895 grains ; its specific 
gravity, compared with hydrogen, being 33, and mth common air 2.91. 

SuLpnuRETS OF Tellurium. There appear to be two sulphurets of 
tellurium, which, according to Berzelius, act as sulphur-acids. 

The Salts of Tellurium are decomposed by the alkalis, and the pre- 
cipitate is redissolved when they are added in excess. Hydrosulphuret of 
ammonia forms a brown precipitate ; ferrocyanuret of potassium occasions 
no change. Zinc, lead, tin, copper, cadmium, or iron, immersed into 
the solutions, cause the separation of metallic tellurium, which generally 
appears as a black powder. 

The oxide of tellurium combines with many of the metallic oxides, 
acting the part of an acid, and producing a class of compounds which 
have been called teUurates, 

Tellurate of Potassa may be formed by heating oxide of tellurium 
with nitre, and redissohdng the residuum in boiling water, which, on 
cooling, deposits an imperfectly-crystallized white powder, difficrdtly 
soluble in water. The tellurates of the alkaline earths, and of many 
of the metallic oxides, are insoluble*. 

* The details respecting the proper- have found it impossible satisfiustorily to 
ties and composition of the sevei^ com- abridge their results. This is my 
pounds ofte]lurium,as given by different logy for the imperfect account rf 
chemists, are so much at variance, that I metal given in the text. 



§ XXIII. ARSENIC. 


The distinct metallic characters of this substance were first noticed by 
Brandt, in 1733. Its general chemical relations are such as to place it 
rather among the simple acidifiahle substances than among the metals, 
for it forms no salifiable base with oxygen, hut constitutes acids : it, 
however, has the lustre and opacity of a metal, and conducts electricity. 
Arsenic may he obtc'iined from the white arsenic of commerce, by 
mixing it with its weight of black and introducing the mixture 

into a Florence flask or small retort, placed in a sand-bath, gradually 
raised to a red-heat: a brilliant metallic sublimate of pure arsenic 
collects in the upper part of the flask or in the neck of the retort. The 
volatility of white arsenic prevents its easy reduction by charcoal 
alone ; but the potassa in the flux enables it to acquire a temperature 
sufficient for its perfect reduction. Arsenic may also be obtained by 
heating the ore called native arsenic (scherbenkobalt of the Germans) 
in coarse powder ifi a retort ; the metal sublimes, leaving the impurities 
behind. 

Arsenic is of a steel-gray colour, crystalline texture, quite brittle, 
and of a specific gravity = 5.8. It readily volatilizes, and in close 
vessels may be sublimed at a temperature of 380°, which is lower than 
its fusing-point. Its vapour has a very strong and peculiarly character- 
istic smell, much resembling that of garlic. On account of its volatility, 
its fusion is difficultly accomplished, but may be effected by heating it in 
a sealed tube, under the pressure of its own vapour. Heated in the air, 
it easily takes fire, burds with a blue flame, and produces copious white 
fumes of oxide. Exposed to a moist air, or boiled in water, it gradually 
becomes incrusted with a gray powder, which is an imperfect oxide, or 
mixture of metallic arsenic and arsenious acid. Berzelius found that, in 
three months, 100 parts of the metal acquired an increase of about 8.5. 
This metal and all its compounds are virulent poisons. Its equivalent 
number is 38. (37.6 Gmelin, 37.7 Turner, 38 Thomson.) 

Native Arsenic has been found in Saxony, Hanover, France, Bohemia, 
and Cornwall. It usually occurs in rounded masses, oY nodules, of a 
foliated lamellar texture, in the veins of primitive rocks, and is often 
associated with silver, cobalt, lead, and nickel ores. 

Aesenig and Oxygen. There are two definite compounds of arsenic 
and oxygen, which are both capable of forming combinations with other 
metallic oxides. They redden litmus and are soluble in water, and have 
thence been termed arsenious and arsenic acids, 

Arsenious’ Acid; White Arsenic; White Oxide of Arsenic. {CLT 
-f- 1 40 .) This is the best known, and most commonly occurring' com- 

* This is an extremely useful com- 1 part of nitre and two of powdered tai'- 
pound for effecting the reduction of j tar.^ Tlie mixture remains in fusion at 
many of the metaUic oxides. It con- a red-heat, and thus suffers the small 
sists of charcoal and subcarbonate of globules of reduced metal ter coalesce 
potassa, and is best prepared by defla- j into a button, 
grating in a crucible a mixture of one • 
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pound of arsenic. It may easily be procured by the combustion of the 
metal; but as it is formed during certain metallurgic processes, that mode 
is rarely resorted to. It is abundantly prepared at Joachimsthal in Bohe- 
mia, from arsenical cobalt ores, which are roasted in reverberatory fur- 
naces, and the vapours condensed in a long chimney, the contents of 
which, submitted to a second sublimation, afford the white arsenic of 
commerce. It generally occurs in white, semi-transparent, brittle masses, 
of a vitreous fracture. Its specific gravity is 3.72. It is nearly tasteless. 
It generally becomes opaque when long kept, in consequence, apparently, 
of change in its mechanical texture. It is virulently poisonous, producing 
a set of peculiar S 3 rmptoms ultimately followed by inflammation and gan- 
grene of the stomach and intestines : it also proves fatal when applied to 
a wound ; and as the local injury is not sufficient to cause death, it is 
probable that an induced affection of the nervous system and of the heart 
is the immediate cause of the mischief. (Brodie’s Observations and 
Experiments on the Action of Poisons, Phil. Trans.^ 1812, p. 209.) To 
get rid of the poison by producing copious vomiting and purging, and to 
pursue the usual means for subduing and preventing inflammation, are 
the principal points of treatment to be adopted in casei^here this poison 
has been taken. (Orfila, Traite des Poisons^ tom. i., p. 123.) Upon this, 
and all other subjects relating to poisons^ the reader should consult 
Dr. Christison's excellent treatise. 

By a slow sublimation, arsenious acid forms brilliant octoMral and 
tetraedral crystals ; and Wohler has found it in six-sided scales, derived 
from a rhombic prism. {Ann. de Chim.et Phys.^ li., 201.) If suddenly 
heated it runs into a transparent glass, which gradually becomes opaque, 
whether exposed or not to air ; but, according to Dr. Turner, exposure 
accelerates the change. It is volatile at 380% and has, no smell when 
perfectly free from metallic arsenic. (Paris, Quarterly Journal (f Science 
and Aris^ vol. vi.) According to Klaproth, 1000 parts of water at 60% 
dissolve from two and a half to three of white arsenic ; and 1000 parts of 
water at 212% dissolve rather more than 77 parts, and about 30 parts are 
retained in permanent solution. The solutions taste acid and slightly 
sweet ; they redden litmus, but sometimes convert syrup of violets to 
green. 80 parts of alcohol at 60^, dissolve one part of this acid. Its 
aqueous solution furnishes tetraedral and octoedral crystals by slow 
evaporation, which are anhydrous. It also dissolves in oils. The greater 
number of the acids merely dissolve white’ arsenic without forming definite 
combinations : distilled with an equal weight of dry acetate of potassa, 
an anhydrous compound of the acetic and arsenic acids passes over, of a 
most nauseous odour, and so attractive of water as to absorb it rapidly 
from the air, and with the evolution of so much heat as occasionally to 
ignite the compound, which bums with a red flame, and exhales arsenious 
acid. (Berzelius.) 

The relative proportions of the components of arsenious acid have 
been variously stilted ; but the exjj^eriments of Berzelius, corroborated by 
the results of other analysts, leai^ little doubt that the oxygen in the 
arsenious acid is to that in the arsenic acid as 3 to 5 ; hence, arsenious 
acid^ or the while oxide^ may be considered as composed of 
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Tfaeiwrd. Davy. fn>ui«t MitMbeKlkli. Benellut. 
Axa&nc 1 . 98 . 76 . 74.24 . 78 . 75.2 . 75.73 . 75.782 

Oxygen . 12 . 24 . 25.76 . 25 . 24.8 . 24.27 . 24.218 

1 50 100 100.00 100 100.0 100.00 lOOiOOO 

Native White Arsenic occurs in prismatic crystals, and in a pulverulent 
form: it is found in Saxony and Hungary. 

Combinations of Absenious Acid with Bases; Arsenites. These 
salts, when heated, either evolve arsenious acid or metallic arsenic; in the 
latter case they are converted into arseniates: heated with charcoal 
metallic arsenic sublimes. The alkaline arsenites, when in solution, are 
decomposed by lime and the salts of lime, and a white precipitate of 
arsenite of lime falls : they are precipitated green by solutions of copper, 
and yellow by nitrate of silver. They are not precipitated by sulphuretted 
hydrogen, except excess of a stronger acid be present; in this way the 
muriatic solutions of those arsenites which are insoluble in water may 
also be decomposed. 

The arsenites of ammonia^^ potassa^ and soda^ are easily soluble and 
uncrystallizable :^hey are formed by dissolving the acid in the alkaline 
solutions. Those of lime^ baryta^ strontia^ and magnesia^ are difficultly 
soluble, and formed in the same way. Arsenite of potassa is the active 
ingredient in the liquor arsenicalis of the Pharmacopoeia^ and in Fowlet^s 
mineral solution or tasteless ague-drop. It produces a white precipitate 
in the white salts of manganese ; a dingy green precipitate in the solu- 
tions of iron; a white precipitate in solutions of zinc and tin. Mixed 
with a solution of sulphate of copper, a precipitate of a fine apple -green 
colour falls, called from its discoverer, Scheele* s green^ and is useful as a 
pigment. In the solutions of lead, antimony, and bismuth, it forms 
white precipitates: added to nitrate of cobalt, it forms a pink precipitate; 
and bright yellow, with nitrate of uranium. With nitrate of silver it 
forms a white precipitate, soon becoming yellow, and very soluble in 
ammonia. All these precipitates are probably arsenites of the respective 
metals, and, heated by a blowpipe on charcoal, they exhale the smell of 
arsenic. They are decomposed when boiled in solution of carbonate of 
potassa or of soda: they are soluble in excess of arsenious acid, and easily 
soluble in nitric acid, and such other acids as form soluble compounds 
with their bases. 

Native Arsenite of Lead .is found in France, in Spain, and in 
Siberia. 

Arsenic Acid {(lT+2\0) was discovered by Scheele; it is obtained 
^by distilling a mixture of 4 parts of muriatic and 24 of nitric acid off 8 
parts of arsenious acid, gradually raising the bottom of the retort to a dull 
red-heat at the end of the operation. It may also be procured by dis- 
tilling nitric acid off powdered metallic arsenic. 

Arsenic acid is a white substance, of a sour taste; it is anhydrous, 
deliquescent, and uncrystallizable. Its specific gravity is 3.4. It requires 
for solution. 6 parts of cold and 2 of boiling water; its solution reddens 

* Berzelius has shown that the sup- acid in ammonia are quite destitute of 
posed crystals of arsenite of ammonia ammonia, and consist only of arsenious 
deposited by the solution of arsenious acid. 
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vegetable blues, and tastes acid and metallic. When water is poured 
upon it, a part only is immediately dissolved; and another portion, as is 
the case with phosphoric acid, remains undissolved: after a time, upon 
agitating the solution, the whole is taken up. Heated to bright redness, 
it evolves oxygen, and is converted into arsenious acid. If dry arsenic 
acid 4)6 exposed to air, so as gradually to deliquesce, it sometimes forms 
crystals which are extremely soluble, and are probably hydrated acid. 
Arsenic acid gives a white precipitate with lime-water, and a peculiar 
reddish-brown with nitrate of silver. It yields a yellow deposit of a 
sulphuret of arsenic when its solution is subjected to the action of a 
current of sulphuretted hydrogen gas. • 

Arsenic acid consists of 






ProiiBt 

Mitscherlich. 

Berzeliiit. 

Tlionord. 

Arsenic . 

. 1 

. 38 

. 65.5 

. 65 

. 65.04 . 

65.283 

. 65.4 

Oxygen , 

. 2i 

. 20 

. 34.5 

. 35 

. 34.96 . 

34.717 

. 34.6 


1 

68 

100.0 

100 

100.00 

100.000 

100.0 


Arseniates are produced by the union of this acid with the metallic 
oxides ; and many which are insoluble may be formed {^adding arseniate 
of potassa to their respective solutions. They are soluble in dilute nitric 
acid, and in such other acids as do not form insoluble compounds with 
their bases, and ammonia precipitates them from these solutions. They 
are readily decomposed by charcoal at a red-heat ; but many of them, 
when heated alone, are unchanged even at a higher temperature. They 
are decomposed when boiled in solutions of the fixed alkaline carbonates. 
The soluble arseniates generally give a white precipitate with lime-water: 
they are not immediately precipitated by solution of sulphuretted hydro- 
gen : protosulphate of iron gives a white precipitate' (or yellowish if 
arsenious acid be at the same time present). With acetate of lead and 
acetate of zinc they also give white precipitates. 

Arseniate of Ammonia (A + CLTt) is formed by saturating arsenic acid 
with ammonia; oblique rhomboidal prisms are obtained on evaporation, 
which, when gently heated, effloresce and evolve ammonia: at a higher 
temperature, water is formed, oxide of arsenic sublimes, and nitrogen is 
evolved, a circumstance first observed by Scheele. 

According to Mitscherlich (^Ann. de Cfiim, et Phys,^ xix.) these crystals 
very closely resemble those of phosphate of ammonia, and consist of * 


Ammonia . 

1 

17 

19.2 

Arsenic acid . 

1 

58 

65.5 

Water . . . 

i* 

13.5 

15.3 


1 

88.5 

100.0 


Binarseniate of Ammonia is formed by adding to a solution of the 
above crystals one additional proportional of arsenic acid. On evaporation, 
crystals resembling those of the biphosphate of ammonia are deposited, 
containing, according to Mitscherlich, 


Ammonia 1 . . 17 . . 10.6 

Arsenic acid 2 . . 116 . . 72.6 

Water 3 ; . 27 16.0 


I 160 100.0 
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Arseniate OF PoTASSA (P 4.057*0 when neutral^ is deliquescent and 
uncrystallizable. 

Binarseniate of Potassa (P4 9 CLT^ may either be formed by adding 
excess of arsenic acid to potassa, and evaporation; or by heating to redness, 
in a Florence flask, a mixture of equal parts of nitre and white arsenic ; 
during the latter operation much nitrous gas is evolyed, and on dissolving 
the residue in water, filtering, and evaporating, quadrangular crystals of 
binarseniate of potassa are obtained, resembling those of the biphosphate 
of potassa : they are soluble in 5.3 parts of water at 40°, and insoluble in 
alcohol. Macquer was the first who procured this salt ; hence termed 
Macqvers neutral arsenical salt. It is not easily decomposed by heat 
alone, and may be fused and kept red-hot without undergoing other 
change than losing a little acid, but when mixed with about an eighth of 
charcoal-powder and distilled, metallic arsenic rises, and carbonate of 
potassa, mixed with part of the charcoal, remains in the body of the 
retort. This salt as well as the arsenite, is used for the cure of agues. It 
is a delicate test of the presence of silver, in solutions of which it occasions 
a red-brown precipitate : it is also sometimes used to separate iron from 
manganese ; it produces in the persalts of iron a white precipitate, whilst 
the arseniate of manganese remains in solution. In the crystallized form 
it consists of 


Potassa . . 

1 . . 

48 

. . 26.4 

Thomson. 

. . 27.074) 

Mitscherlich. 

. . 89.91 

Arsenic acid . 

2 . . 

116 

. . 63.7 

. . 65.426/ 

Water . . . 

2 . . 

18 

. . 9.9 

. . 7.000 

. . 10.09 


T 

182 

100.0 

100.000 

100.00 


Arseniate of Soda (S4(Z7''0 formed by saturating a solution of 
carbonate of soda with arsenic acid ; on evaporation, rhombic prisms are 
obtained, isomorphous according to Mitscherlich, with phosphate of soda : 
they effloresce in a dry air, and require, according to Thomson, ten parts 
of water at 60°, for solution, and the liquid has alkaline properties. 
When dropped into solutions of earthy and metallic salts, this salt 
occasions precipitates in most of them, a table of which is given by 
Thomson {Ann. of Phil.^ xv.) The crystals appear to contain different 
proportions of water according to the strength of the solution from which 
.they are deposited, and which when concentrated yields them with 8, and 
when dilute, with 12 equivalents of water: (Marx, fiber das Verhaltniss 
der Mischung zur Form: Brunswick, 1824,) hence we have them com- 
posed of 

Gmclin. Mitschorliuh. 


Soda 

. 1 

. 32 

: S:5I • “ 

. 1 . 

32 

: iSS 

Arsenic acid 

. 1 

. 58 

. 1 . 

58 

Water • 

. 8 

. 72 

* 44.4 .44 

. 12 . 

108 

. 54.6 . 60.81 


T 

162 

100.0 m 

T 

198 

100.0 100.00 


Binarseniate op Soda. (S42fl57*^.) This salt is fonned by adding 
arsenic acid to a solution of carbonate of soda till the liquid no longer 
precipitates chloride of barium: on evaporation and exposure to cold, it 
yields crystals isomorphous with biphosphate of soda, and composed of 
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AnhwIrMia , CfystalHxed . 

^ MtUcfaeTlieU. . ■ ■>* , MltiK;herllc)i. 


Soda . . 1 

. 32 . 

21.6 

. 21.681 4 

1 

. 32 . 

17.4 . 

17.36 

Arsenic acid 2 

. 116 . 

78.4 

. 78.319 . 

1 

. 116 . 

63.0 . 

62.70 

Water . . 

• 

• 

• 

4 

. 36 . 

. 19.6 . 

19.94 

1 

148 

100 

100.000 

1 

184 

100.0 

100.10 


Arseni ATE op Lime (C +CIT^) is deposited when arsenic acid is dropped 
into lime-water, or when arseniate of potassa is added to nitrate of lime ; 
it may also be formed by heating a mixture of white arsenic and quick- 
lime, in which case, as Dr. Wollaston first observed, when it has attained 
a certain temperature, ignition suddenly ensues, and metallic arsenic sub- 
limes; so that one portion of the arsenious acid confers oxygen upon the 
other, to convert it into arsenic acid. It is soluble in nitric and muriatic 
acids, and in sulphate, muriate, and nitrate of ammonia: it also dissolves in 
arsenic acid. Hydrated arseniate of lime (Pharmacolite) occurs native, 
sometimes in fine capillary crystals. Arseniate of lime consists of 

Arfijictal Native. 

, ' ' . Lnugicr. . — ■ ■■■ > Klaproth. 

Lime . . 1 . 28 . 32.6 . 32.5 . 1 . 28 . 24.75 . 25.00 

Arsenic acid I . 58 . 67.4 . 67.5 . 1 . 58 . 51.35 . 50.64 

Water ... . . . 3 . 27 . 23.90 . 24.46 


I 86 100 100.0 1 113 100.00 100.00 

Arseniate op Baryta. ( JE ^+ CLT ^.) When a solution of arseniate of 
soda is added, not in excess, to a solution of chloride of barium, agranular 
precipitate is gradually obtained, which is neutral arseniate of baryta ; 
when heated it loses water of crystallization, but is not further decom- 
posed. It consists of 

Anhydrous. Crystallized. 

/ ' ' ' ■ ■ - » Ber»eliu«. ^ ^ B«rgeUu». 

Baryta . . 1 . 77 . 67 • 87.06 . I . 77 . 60.4 50.32 

Arsenic acid 1 . 58 . 43 . 42.94 . 1 . 58 . 37.9 37.86 

Water . 2 . 18 . 11.7 11.82 


1 135 100 100.00 1 153 100.0 100.00 

ScBSESQUiARSENiATE OF Baryta. (1^ WhcR arsenic acid is 

dropped into baryta-water, or when the neutral arseniate of baryta is 
digested in ammonia, a white and difficultly-soluble powder is obtained, 
composed of 

^ ncrzelias, r.au^icr. 

Baryta . . . 1^ . . 115.5 . . 66.6 . . 66.56 . . 65.7 

Aisenic acid .1 . . 58. . . 33.4 . . 33.44 . . 34^.3 


1 173.5 100.0 100.00 100.0 

Binabseniate op Baryta. (B+ When the neutral arseniate 

of baryta is dissolved in arsenic acid it yields crystals of the hydratSt 
binarseniale: when heated to redness, they leave a compound of 

Mitscheiiich. 

Baryta . . . 1 . . 77 . . 39.9 . . 40.13 

Arsenic acid . . 2 116 . . 60.1 . . 59.87 

1 193 100.0 100.00 

Arseniate op Strontia. (Str -|- av^.) When solutions of nitrate of 
strontia and arseniate of soda are mixed in atomic proportions, no imme- 
diate precipitate appears, but in twenty-four hours small crystals are 
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formed, which are minute rectangular four-sided prisms, tasteless, not 
affecting vegetable blues, and very sparingly soluble in water. They 


contain, according to Dr. Thomson, 



Strontia . . . . 1 

52 

28.6 

Arsenic add . . 1 

58 

.31.8 

Water . . . . 8 

72 . . 

396 

1 

182 

100.0 

Arseniate of MagnesiS: (M+fl57*') 

is soluble, 

deliquescent, and 


uncrystallizable, when there is an excess of acid : but a very difficultly 
soluble, and neutral arseniate may be obtained, partly in powder and 
partly in tufted crystals, by mixing dilute solutions of sulphate of mag- 
nesia and arseniate of soda in atomic proportions, and suffering them to 
remain at rest for twenty-four hours. The crystals consist, according to 
Thomson, of 1 atom of anhydrous arseniate ‘of magnesia, and 8 of water ; 
when dried at a temperature of 500°, they lose 6 atoms of water, but 
still retain 2, which are disengaged at a red-heat. 

Arseniate op Manganese. (Man+CIT/.) This salt, in a hydrated 
state, is precipitated in the form of a white powder, when arseniate of 
potassa is added to chloride of manganese. It is insoluble in water but 
dissolves in sulphuric and muriatic acids. 

Protarseniate of Iron. (Fe Arseniate of ammonia, added 
to the solution of protosulphate of iron, occasions a precipitate of prot^ 
arseniate of iron. (Chenevix, PhiL Trans.^ 1801.) This salt is at first 
white, but soon acquires a tint of green; it is sparingly soluble in liquid 
ammonia, and the solution becomes green in the air. According to 
Berzelius, the mineral called Skorodite^ found at Graul, near Schwartzen- 
berg, in small blue-green octoedral crystals, is a hydrated protarseniate 
of iron. 

Perarseniate of Iron is an insoluble white powder, which, when 
heated, loses I 7.68 per cent, of water, and becomes red : it is soluble in 
acids, and soluble, when moist, in caustic ammonia. When the neutral 
protarseniate of iron is digested in nitric acid and evaporated to dryness, 
or when the solution is precipitated by ammonia, a suhperarseniate is 
obtained. 

The Native Cubic Arseniate of Iron^ analyzed by Vauquelin and by 
Chenevix, is a compound of the hydrated protarseniate and perarseniate. 
(Berzelius.) 

SuBARSENiATE OF ZiNC is precipitated in a white gelatinous state, 
when arsenic acid, or an alkaline arseniate, is added to sulphate of zinc. 
It is insoluble in water, but soluble in arsenic and in nitric acids. 

Arseniate op Tin. A white insoluble powder is precipitated by 
adding arseniate of potassa to protochloride of tin. . 

Arseniate of Copper is formed by adding an alkaline arseniate to 
nitrate of copper; it is a blue insoluble powder, and when dried at a 
temperature not exceeding 212°, appears to be a hydrated subper- 
arseniate. 

The Native Arseniates qf Copper have been submitted to an elaborate 
investigation by Mr. Chenevix; {Phil. Trans.^ 1801;) he has described 
five varieties, as shown in the following table. (Thomson's System.) 
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Acid. 

Oxide. 

Water. 

Varioty l.t . 


. . . 3.70 

. . . 2.60 

» 2d 


2.76 

. . 1. 

» 3d , 


. . 1.72 

. . . 0.70 

„ 4th 

. . '1. . 

1.80 

. . 0.53 

„ 6th . 


. . 0.88 

. . . 0.60 


Ab 3 ENIATE of Lead. (Pl+AT*'.) This salt is formed when arsenic 
acid is added to nitrate of Jead, or when a solution of nitrate of lead is 
gradually decomposed by the addition of newtral arseniate of soda. It is 
white, insoluble in water, but soluble in nitric and muriatic acids, easily 
fusible, and consists of 





Berzelius. 

Theuard. 

Cheneviz. 

Oxide of lead . . 1 . 

. 112 

. 65.9 

. 65.86 

. 64.3 

. 63 

Arsenic acid ... 1 

68 

. 34.1 

. 34.14 

. 35.7 

• 37 

7 

170 

100.0 

100.00 

100.0 

100. 


SuBARSENiATK OF Lead. When neutral arseniate of soda is added in 
excess to the soluble salts of lead, a white powder falls, composed of 

Bi>rze1iiis. 

Oxide of lead . . li . . 168 . . 74.3 .. 74.75 

Arsenic acid . . 1 . . 58 . . 25.7 • • 25.25 

1 226 100.0 100.00 


Arseniate op Antimony. Arseniate of potassa throws down a white 
precipitate in the muriatic solution of oxide of antimony. 

Arseniate of Bismuth falls in the form of a white powder on adding 
arsenic acid to nitrate of bismuth ; it is insoluble in water, and in nitric 
acid, but soluble in muriatic acid. (Thenard). 

Arseniate of Cobalt is precipitated of a red colour by the addition 
of an alkaline arseniate to a soluble salt of cobalt : it occurs native in the 
peachMossom cobalt. 

Arseniate of Nickel, formed by doi’.ble decomposition, is an apple- 
green powder, often granular and crystalline. The mineral called nicheU 
ochre is a hydrated arseniate of nickel^ composed of 36.20 oxide of nickel, 
36.80 arsenic acid, 25.50 water, and a trace of cobalt. (Berthier.) 

Arseniate of Uranium is thrown down of a straw-colour when 
arseniate of potassa is added to nitrate of uranium. 

Characters of the Arsenites and Arseniates. These salts are 
recognised by the alliaceous odour which they exhale when heated 
in a tube with a little carbonaceous matter, when they also afford a 
metallic sublimate. The arsenites^ when heated alone, generally lose 
part of their acid, which forms a crystallized sublimate; but the arseniates^ 
under the same circuDastances, retain their acid, unless partially decom- 
posed, as it sometimes is, by the base. The arsenites^ yrhen dissolved in 
dilute muriatic acid, and tested by a current, or strong solution of sul- 
phuretted hydrogen, give a yellow cloud of sulphuret of arsenic; but the 
arseniates are not thus decomposed. I have elsewhere adverted (p. 106) 
to the crystalline analogies between the arseniates and the phospliates, 
and to the resemblance in the atomic constitution of the phosphoric and 
arsenic acids. 
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Arsenic and Chlorine; Chloride of Arsenic, (j[LT + \\C-) This 
cox^ound may be formed by throwing finely-powdered arsenic into 
chl^ne; the metal burns and produces a whitish deliquescent and volatile 
^compound; it may also be obtained by distilling six parts of corrosive 
sublimate with one of powdered arsenic ;^the chloride passes into the 
receiver in the form of an unctuous fluid, formerly called butter of arsenic. 
A preferable process for obtaining this compound is that of M. Dumas. 
^\Ann. de dim. et Phys.^ xxxiii., 360^} One part of arsenious acid with 
ten parts of sulphuric acid, dre put into a tubulated retort, and the tem- 
perature raised to about 212°. Fragments of fused common salt are then 
to be thrown in by the tubulature; by continuing the heat, and succes- 
sively adding the salt, chloride of arsenic is obtained; it distils over, and 
may be condensed in cold vessels. Very little muriatic acid is disengaged, 
but towards the end of the operation, a portion of hydrated chloride of 
arsenic is produced, which floats upon the pure chloride, and appears 
more viscid and colourless; it may be deprived of water by redistillation 
with concentrated sulphuric acid. Mixed with a larger quantity of water, 
the chloride of arsenic is decomposed, and arsenious acid is formed, 
muriatic acid being at the same time produced. 

When sulphur or j^ospliorus are heated in this ehloride they are 
dissolved, but again deposited on cooling,. It combines wuth oil of tur- 
pentine and olive-oil. It absorbs about ten times its volume of chloro- 


arsenic consists of 

. * 








J. Davy. 

Arsenic . 

. 1 

38 

413 

40 

Clilorine . 

. li . 

54 

58.7 

80 


1 

92 

100.0 

100 


loDiDE OF Arsenic, (AT* + 1^2,) obtained^y heating the metal with 
iodine, is of a deep -red colour, and volatile. When acted upon by winter, 
it produces hydriodic and arsenious acid|, whence it appearl^obable that 
its composition is analogous to that of ij[ie ^loride.^^ 

It would also appear, from Plisson’s ^^eriinents {Ann, de Chim. el 
Phys.^ xxxix., 266,) that a periodide ((Zr+2iZ) may be formed in the 
samerway. 

BRoiiiDE OP Arsenic. (aT + l^O.) ^uiine and arsenic act intensely 
on each other with the evolution of heat and light, and form a crystal- 
lizable compound which fuses at 70^ Rud boils and evaporates at 430°. 
By the action of water, it yields arsenious and hydrobrofiiic acids. 
(&rullas, Ann. de Chim. el Phys.^ xxxvjii., 318.) 

Fluoride of Arsenic is obtained bjlfetilliog a mixture of 1 part of 
powdered fluor-spar with 1 of white QTi^0e and 3 of sulphuric acid. A 
colourless fuming liquid passes over, which is decomposed by water, and 
by the contact of glass. Unverdorben, who first examined this com- 
pound, states its specific gravity to be 2.73. It is extTei||||^ volatile, 
and fumes in the air. The specific gravity of its vapour exetfi^s 4. It 
appe^ to he A It combines without decomposition with ^ 

ammonia. 
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Arsenic and Hydrogen: Arsenuretted Hydrogen Gas. Accord- 
ing to Thenard, this gas is best obtained from a powdered alloy, ol^ three 
parts of tin and one of arsepic, miked with a portion of powdered arseni<5, 
and acted on by muriatic acid. It may also be obtained by the action of 
the following alloy upon ymter. Mix two parts of antimony with two . 
of^cream of tartar, and one of white arsenic, and heat the mixture strongly 
for two hours in a covered crucible. * When cold, a button of the triple 
alloy of potassium, antimony, aiM arsenic will be obtaiiM, fragments of 
which may be transferred under a jar inverted in water (Quarterly^ 
Journal^ xiii., 225.) This alloy should be carefully excluded from .^ir 
and moisture. Soubeiran recommends that an alloy should be obtained 
by fusing arsenic with its weight of zinc, and that the gas should be 
procured by the action of this alloy on strong muriatic acid.’ Great care 
should be taken to avoid the deleterious effects of this gas ; it proved 
fatal to the Late M. Gehlen. {Ann. de Chim. et Phys.^ iii., J35.) 

After standing some time over water, arsenuretted hydrogen de- 
posits a small quantity of brown matter, which appears to be a hydruret 
of arsenic. It is decomposed, and deposits arsenic at high temperatures; 
exposure to intense cold is said to occasion itj^ liquefaction. It may bo 
kept in dry and well-closed vessels ^without change. It smells strongly 
alliaceous; it extinguishes a *taper, and bums with a pale-blue flame, 
depositing arsenic and its oxide. It is sparingly absorbed by water, and 
has no effect upon vegetable-blue colours. Jf detonated with oxygen, 
arsenious acid and water are formed. 

If bubbles of chlorine be passed up into a jar of arsenuretted hydrogen, 
standing over warm water, flame andP explosion are often produced, 
muriatic acid is formed, and a brown hydruret is deposited ; but if the 
gas be passed in the same way by successive bubbles into chlorine, no 
inflammation results, absorption takes place, and muriatic acid and 
chloride of arsenic are ^med. If the chlorine be not very pure, and 
when the gases are cold, inflammation seldom follows their mixture. 
Chlorine, added to ^ mixture ofipulphuretted with arsenuretted hydrogen, 
causes a deposit of sulphure^^^arsenic. Nitric acid suddenly decomposes 
arsenuretted hydrogen; wa&r, oxide of arsenic, nitrous acid, and nitric 
oxide arc the results. With iodine it yields hydriodic acid and iodide 
of arsenic. It is decomposed by the action of phosphorus, sulphur, 
potassium, sodium, and tin, at^high temperatures. It is not affected by 
muriatic, nor phosphoric acids, nor by solutions of the alkaline sulphurets. 
Many of the metallic oxides and salts decompose it. Corrosive sublimate 
is a molt delicate test of its presence; as soon as it comes in contact 
with It, calomel is formed, an^ a metallic fllm of arsenic and mercury. 
Bubbles of the gas, passed thflhgh a solution of corrosive sublimate, are 
similarly decomposed. It is altered by alcohol or ether ; the fixed 
oils absorb it slowly, and acquire a thicker consistency. Oil of turpentine 
absorbs it, and becomes thick, milky, and sour; and deposits crystals, 
which, when heated, smell of arsenic and turpentine. 

As there is some difficulty m obtaining this gas free from the admix- * 
ture of hydrogen, the statements respecting its composition and specific 
gravity, are somewhat at variance. According to Duxnas and SouWran, 
{Ann. de Chim. ei Phys.^ xliii.,) the specific gravity of arsenuretted 

3c 
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hydrogen is 2.695 ; and when decomposed by heat, one volume yields 
one and a half of hydrogen; when detonated with oxygen, each volume 
requires one volume and a half for its perfect combustion, water and 
arsenious acid being the results. It is, therefore, probably composed of 
one equivalent and a half of hydrogen, and one of arsenic. 

Hydruret op Arsenic is a brown compound, obtained by negatively 
electrifying arsenic in contact with water; or by acting upon water by an 
alloy of potassMlm and arsenic. It has not been analyzed. It is not 
decomposed at a red-heat in nitrogen gas, but in oxygen it bums, and 
produces water and arsenious acid. 

Arsenic AND Sulphur: Protosulfhuret of Arsenic: Bed Sulphurkt 
OF Arsenic: Realgar. (^T’+S.) By slowly fusing a mixture of 
metallic arsenic and sulphur, or by heating white arsenic with about 
half its weight of sulphur, a red sulphuret arsenic is obtained. It is 
crystallizable, and of a vitreous fracture: its specific gravity is 3.4. It 
may be sublimed, unaltered, in close vessels. 

It is usually known under the name of Realgar^ and occurs native in 
Germany and Switzerland, in veins of primitive rocks and among volcanic 
matter. Its primitive form is an acute octoedron. It is used in the 
preparation of the pyrotechnical compound, called White Indian Fircy 
which consists of 24 parts of ^Itpetre, 7 of sulphur, and 2 of realgar, 
finely powdered and well mixed. It bums with a white flame of great 
brilliancy. 

When realgar is digested in a solution of caustic potassa, a part of 
its sulphur is removed, and a black or brown powder remains, which, 
when heated, is resolved into* realgar and metallic arsenic. Beggar 
consists of 

Native. 






Klaj>roth. 

Laugier. 

Arsenic 

1 

. . m 

. . 70.26 

. . 69 . 

. 69.67 

Sulphur 


. . 16 

. . 29.75 

. . 31 . 

. 30.43 


1 

54 

100.00 

100 

100.00 


Sesquisulphuret of Arsenic: Yellow Sulphuret of Arsenic: 
Orpiment. {CLT + \\ S.) When realgar is fused with sulphur, or when 
sulphuretted hydrogen is passed through a solution of arsenious acid in 
dilute muriatic acid, this sulphuret is formed : in the latter case it is in the 
form of a yellow powder. It is fusible, and assumes a lamellar or crystal- 
line texture on cooling, and may be sublimed without decomposition in 
close vessels. Heated in the air, it bums with a pale-blue flame, exhaling 
white fiimes and the odour of sulphurous acid. It is soluble in boiling 
water, and in caustic alkaline solutions : it is insoluble in acids, but is 
decomposed by nitric and nitromuriatic acids. These sulphurets are. 
readily decomposed by fusion with potassa ; sulphuret of potassium and 
a sublimate of metallic arsenic are the results. 

Braconnot has employed an ammoniacal solution of orpiment as a dye- 
stuff, {Ann. de Chm. el Phgt., xii.); the process he recommends is as 
follows r 1 part of sulphur, 2 of white arsenic, and 5 of pearlash, are to 
be fused in a crucible at a heat a little below redness ; a yellow mass 
results, which is to be dissolved in hot water and filtered ; the filtered 



SULPHUKllTS OF ARSENIC. 


766 

solution, diluted with water, is to be treated with weak sulphuric acid, 
and will give a fine yellow precipitate, which easily dissolves in ammonia, 
forming a solution at first yellow, imt becoming colourless on adding 
more ammonia. The wool, silk, cotton, or linen, is to be dipped into 
this solution, more or Jess diluted according to the colour required, care 
b^ing taken that no metallic vessels are used; on takiiig them out 
they arc at first colourless, but, as the ammonia evaporates, become 
yellow; they are then to be freely exposed to the air, washed, and dried. 
This colour is very permanent, but soap impairs it. Orpiment is also 
the basis of the pigment called King*s Yellow, The composition of 
orpiment is 

Native. 






Berzellas. 

Liitigier. 

Klaproth. 

Arsenic 

1 

38 

. . 6L2 

. . 61 . . 

61.86 

. . 62 

Sulphur 

4 .. 

24 

. . 38.8 

. . 39 . . 

3&14 

. . 38 


1 

62 

100.0 

100 

100.00 

100 


Native Orpiment (the auripigmentum of the ancients) is of a bright 
lemon or golden colour. It is generally massive and lamellar. It ocrcurs 
both in primitive and secondaiy rocks in Suabia, Hungary, China, and 
South America. 

Persulphuret op Arsenic. (CLT + 2^ S.) When sulphuretted 
hj^drogen is passed through a concentrated solution of arsenic acid, a 
yellow precipitate falls, which resembles orpiment in colour, and, like it, 
may be sublimed without change, in close vessels ; it also is easily fusible 
and soluble in alkaline solutions, but insoluble in boiling water. The 
same compound is obtained when sulphuretted hydrogen is passed 
through a concentrated solution of arseniate of potassa, and the resulting 
sulpho-salt decomposed by muriatic acid. This sulphuret of arsenic* 
consists of 


Arsenic . . 
Sulphur . , 

.1 

. . 2h . . 

38 

40 

48.7 

51.3 

Rerznluis. 

48.3 

51.7 


1 

Us 

100.0 

100.0 


The sulpliurets of arsenic are all poisonous, though less virulent than 
the oxides. (Orfila.) They combine with* sulphur, or are soluble in 
fused sulphur, in all proportions. 

Arsenio-sulphurets. Each of the preceding sulphurets of arsenic 
combines, as a sulphur-acid^ with the opposed, or electropositive sul- 
phurets, or sulphur-bases, to form a class of sulphur-salts., called, by 
Berzelius, Arsenio-sfulphurets : hence we have three classes of these salts; 
namely, the arsenio-protosulphurets, the arsenio-sesquisulphureis., and the 
arsenio-persulphurets, (Handbuch, ii., 4470 


* According to Berzelius there is a 
compound of arsenic with a larger rela- 
tive quantity of sulphur, which is formed 
When a neutral solution of arsenio-per- 

sulphuret of potassium is mixed vdth 
alcohol, and filtered; the filtered solu- 
tion is reduced by distillation to some- 


what less than half its bulk, and suffered 
to cool slowly, when it deposits crystal- 
line scales, which are as fusible as sul- 

phur itself, and wMch be regards as a 

definite compound ofanenic, with great 
exoees of sulphnr. {Lehrhuh, iL, 44.) 


3-0 2 
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1 . The arsenio-protosulphurets (containing realgar, or protosulphuret 
of arsenic,) are formed, in the dry way, when sulphur-bases are fused 
with realgar; or when the arsenio-sesquisulphurets are fu&ed with metallic 
arsenic : when thus obtained, they are decomposed by water, which causes 
the separation of a black or brown subsulphuret of arsenic, and the residue 
is an arsenio-scsquisulphuret. These salts cannot be obtained by the 
direct action of caustic alkali, or of a hydrosulphuret, upon realgar; for 
in that case, also, an arsenio-sesquisulphuret and black subsulphuret are 
formed : but they are produced by boiling orpiment in a somewhat con- 
centrated solution of carbonate of potassa, or of soda, and filtering the 
solution whilst hot ; it becomes turbid as it cools, and a brown flocculent 
precipitate (like Kermes) falls, which is a neutral compound of the 
alkaline sulphuret with realgar, that is, an arsenio-protosulphuret of 
potassium or of sodium. Tliese salts are red or brown, and mostly inso- 
luble in water. The acids decompose them, and separate realgar. 

2. The arsenio-sesquisulphurets (containing orpiment, or sesquisul- 
phuret of arsenic,) can only be obtained in the dry way, and in a solid 
state, for when their solutions are evaporated to a certain degree of con- 
centration, a brown povrder is deposited (which is an arsenio-protosul- 
phuret,) and an arsenio-sesquisulphuret, with excess of base, remains in 
solution ; but the decomposition is not perfect, till the latter salt crystal- 
lizes. By dilution with water, and boiling, the precipitate is redissolved, 
and the arsenio-sesquisulphuret reproduced. When orpiment is digested 
in weak caustic alkali at common temperatures, a compound, containing 
twice the quantity of orpiment that exists in the neutral compound, is 
obtained. The arsenio-sesquisulphurets of the alkaline bases are not 
decomposed by dry distillation; the others are decomposed at a red- 
heat, orpiment is given off, and the sulphur-base remains. 

3. Arsenio‘persulphurets^ (containing the persulphuret of arsenic.) 
These compounds vary in colour; their taste is hepatic, and extremely 
nauseous and bitter: decomposed by an acid, they give out a very 
peculiar hepatic odour : when the base is a sulphuret of the metals of 
the alkalis or alkaline earths, or of glucium or yttrium, or a few of the 
other metals, these salts are soluble in water; the others arc insoluble. 
These salts are often basic^ and are then mostly crystallizable, which is 
rarely the case with the heutral compounds ; the latter are decomposed 
by dry distillation, and resolved into arsenio-sesquisulphurets and sul- 
pliur; but the basic compounds remain unchanged. They are easily 
decomposed in the open fire. The concentrated solutions of these salts 
are only very slowly decomposed by exposure to air ; when more dilute, 
they ^adually become turbid, and deposit sulphur and sulphuret of 
arsenic, whilst the solution contains undecomposed salt, together with 
arsenitesand hyposulphites, which, after complete decomposition, become 
sulphates*. 

* Having stated thus much reqtecting ner’s abstract of the properties of a few 
the. arsenio-sulphurets, I shall not go of the leading only, 

into tlie^ details of their history, or at- {Elemenis of Chem.y p. 763,) or he may 
tempt a description of their manifold consult Berzelius or Gmelm for a full 
varieties; of these the reader may form account of them. The question os to 
some notion, by reference to Dr. Tor- the state of these compounds when in 
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SuLFiLliHET OF AiiSENic AND Iron is fouiid native in many parts of 
Europe. It is of a more silvery colour than iron pyrites, and when 
heated exhales albenic. ' It is called arsenical pyrites^ or mispickel. It 
appears to be a compound of a hisulphuret of iron with binarsenuret of 
iron; or, 






CliHvreiil. 

Stromoycr 

Iron . . . 

. 2 . 

. 66 . 

. 34.2 . 

34.938 

. . 36.04 

Arsenic . . 

2 . 

. 76 . 

. 46.4 . 

. 43.418 

42.88 

Sulphur . . 

. 2 . 

. 32 . 

. 19.4 . 

. 20.132 

. . 21.08 


1 

164 

100.0 

98.488 

100.00 


Phospiiuret op Arsenic is formed by heating the metal, or its 
oxide, with phosphorus ; it is gray and brittle, and requires to be pre- 
served out of tlie contact of air. 

Skleniuret of Arsenic is formed by Sissolving arsenic in fused 
selenium: it is a black fusible compound, less volatile than its com- 
ponents, so that excess of either may be driven off by heat. At a red- 
heat it boils and sublimes. 

Alloys op Arsenic. Arsenic forms alloys with most of the me^als, 
and they are generally brittle and comparatively fusible. With potassium 
it forms a brownish compound, which, when put into water, evolves less 
hydrogen than pure potassium, in consequence of the formation of hydru- 
ret of arsenic. With sodium^ the alloy is either brown and of an earthy 
aspect, or gray and metallic, according to the proportions of the metals: ‘ 
water acts upon it as upon the former. (Gay Lussac and Thenard, 
Recherches Physico-Chimiques^ tom. i.) The alloy of arsenic and manga^ 
nese is not known. With iron^ zinc^ and tin^ it forms white brittle com- 
pounds; with copper it forms a white malleable alloy; with lead^ a brittle 
compound of a lamellar texture ; with antimony^ the alloy is brittle, hard, 
and very fusible. It combines with bismuth^ and probably with cobalt^ 
but these alloys have not been examined. 

The separation of arsenic from other metals may generally be accom- 
plished by repeated deflagration with nitre, by which it is acidified, and 
the arseniate of potassa may afterwards be ^vashed out by hot water; but 
by some of the metals it is very obstinately retained*. 


aqueous solution, is involved in the same 
difficulties with that respecting the solu- 
tions of the sulphurets of the alkaline 
bases, and admits of similar explanation ; 
as an instance, I transcribe the following 
table of the composition of the crystal- 
lized tri-arsenio-persnlphuret of sodium, 
from L. Gmelin. 

Bonellus 

SalphuTPt of sodium 3 . 1 17.9 . £8.89 . 38.47 
} *•>»•*• 38 03 . 38.08 
Water . ! ' . 15 . 135.0 . 33.08 . 33.50 

1 40^.1 100.(K) 100.00 

Or, 

Sotla 3 . 93.9 . S3.01 

Arsenic acid .... 3 . 115.3 . 38.33 
Snlplmretted hydrogen 8 . 136.0 . 33.33 
Wau<r 7 . ^.0 . 15.44 

1 408. L 100.00 


* When finely -powdered arsenic is 
boiled in caustic potassa or soda, hydro- 
gen is evolved, and the metal acic^ed. 
When powdered arsenic and caustio 
hydrate of potassa are heated together, 
a brown compound is obtained, which 
appears to be a mixture of arseniuret of 
potassium and arseniate of potassa. 
When put into water, it gives out arse- 
niuretted hydrogen. When the vapour 
of arsenic is passed over red-hot bo^ta, 
a compound is formed, which, however, 
does not evolve arseniuretted hydrogen 
when moistened. Heated with carbo- 
nated alkali, arsenic does not expel the 
carbonic acid. Heated with fixed oil, 
arsenic forms a dark plaster of a dis- 
agreeable odour. 
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Tests for Arsenic. As arsenic, either accidentally or intentionally 
taken, is a very frequent cause of death, and often the subject of judicial 
inquiry, it becomes of importance to point out the most effectual modes 
of discovering its presence. Where arsenic proves fatal, it is seldom 
found in the contents of the stomach after death, but is generally pre- 
viously voided by vomiting or by stool; and we often can detect it in the 
matter thrown off the stomach, in the form of a white powder, subsiding 
in water. The inflammation of the stomach which results is generally a 
secondary effect, and takes place equally, whether the poison he swhllowed 
or applied to a wound. If minute quantities of white powder be detected, 
however, in the stomach after death, or in the matter vomited, it is to be 
carefully collected, and treated as follows: 

(a.) Mix a small portion of it with about two parts of black flux ; 
introduce the mixture into a glass tube, and gradually heat it red-hot in 
the flame of a spirit-lamp. If arsenic be present, a steel-coloured subli- 
mate will attach itself to the cooler part of the tube, which, heated in 
contact of air, evaporates in a white smoke^ strongly smelling of garlic. 

Berzelius recommends the atom of white arsenic to be introduced into 
the bottom a of a tube, shaped as in the margin, and covered up to b 
232 with powdered charcoal, previously 

^ ^ ^ heated before the blowpipe, to expel 

V - ■ ^ 0 all moisture. Heat is then so applied 

by the flame of a spirit-lamp as to 
make the charcoal red-hot ; the portion a is then heated, and the vapour 
of the white arsenic is decomposed as it passes through the red-hot char- 
coal, and a metallic film of arsenic deposited in the cold part of the tube. 
The bottom of the tube is then cut off, and the arsenic recognised as 
before, by the alliaceous smell of its vapour. 

( 6 .) Boil the suspected matter in a litt;le distilled water; and when the 
solution has cooled, add a strong solution of sulphuretted hydrogen, or 
pass the gas through it. If arsenic be present, a yellow precipitate will 
appear. According to Dr. Ure, nnrVvv of arsenious acid maybe detected 
in water by this test. The hydrosulphuretted alkalis do not affect the 
arsenious solution unless a drop or two of nitric or muriatic acid be added, 
when the yellow precipitate falls; these tests arc, however, equivocal, 
where very small quantities are to be detected; if a slight excess of alkali 
be accidentally present, it retains the sulphuret in solution, and excess of 
acid occasions a little sulphur to fall. 

(c.) To the solution b add a drop of solution of carbonate of potassa, 
and Ihen a drop or two of solution of sulphate of copper. An apjde-green 
precipitate^ commonly known as Scheeles Greeny indicates arsenic. The 
ammonio-sulphate and ammonio-acetate of copper also give the peculiar 
green precipitate when added to very dilute solutions of white arsenic. 
This test, however, is fallacious when applied to mixed fluids, for Dr. 
Christison has shown that the ammoniacal solution of sulphate of copper 
produces in some vegetable and animal infusions, containing no arsenic, 
a greenish precipitate, which may be mistaken for Scheele's green; 
whereas, in other mixed fluids, such as tea and porter, to which arsenic 
has been added, , it occasions none at all if the arsenious acid is small in 
relative. qUisntity. In some of those liquids a free vegetable acid may be 
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the solrent, but the arsenite of copper is also dissolved by tannin, and 
perhaps by other vegetable, as well as some animal principles. (Turner.) 

(d.) Add to the solution b a drop of nitrate of silver, and of s^ution of 
ammonia. A yellow precipitate indicates arsenic. 

(e.) The Voltaic battery made to act by two wires on a little arsenious 
solution placed upon a piece of glass, develops metallic arsenic at the 
negative pole; and if this wire be of copper it becomes whitened. 

It must be observed, in regard to these tests, that ^ the first only is 
unequivocal, and that the appearances produced by the others may origi- 
nate from the presence of other substances. When, however, all the 
above appearances ensue, no doubt of the existence of arsenic can be 
entertained. The several precipitates should be collected, and will, when 
placed upon a red-hot iron, exhale the peculiar smell of arsenic. The 
aqueous solution of white arsenic is slowly reduced by zinc, cadmium, and 
tin, but the addition of a little muriatic acid accelerates the action, and it 
is then also effected by lead. Arsenic acid is speedily decomposed by 
zinc, hydrogen being evolved, and the arsenic reduced partly to a metallic 
state, and partly thrown down as a brown powder (hydruret ?) After a 
time the ^action ceases, and the solution (of arseniate of zinc) gelatinizes. 
The decomposition of arsenic acid is also effected in the same way 
by iron. The reader is referred for further particulars in respect to 
arsenic as a poison^ to the means of detecting it, the fallacies of tests, the 
symptoms it induces, their treatment, and the appearances after death, to . 
the following sources; namely, to Henry's Elements of Chemistry; to 
Murray’s System ; to Dr. Bostock’s Paper in the Edinb. Med, and Surg, 
Journal^ vol. v. p. 166; to Mr. Hume’s Essay ^ in the Phil. Mag. vol. 
xxxiii.; and London Med, and Phys, Journal^\o\, xxiii.; to Dr. Marcet’s 
Paper \n the Medico-Chirurgical Transactions^ vol. ii. ; to Mr. Sylvesters 
Observations in Nicholson's Journal^ vol. xxxiii. ; to Ure's Dictionary — 
art. Acid (Arsenious); to Orfila's work on Poisons; to the Edinburgh 
Medical and Surgical Journal for 1824; to the Transactions of the 
Medico-Chirurgical Society of Edinburgh^ vol. ii.; and to the luminous 
summary of all that relates to the subject, in Dr. Christison's treatise on 
Poisons. 


§ XXIV. MOLYBDENUM. 

The sulphuret is the most common natural compound of this metal: from 
this ore the molybdic acid was first obtained by Scheele in 1776, and from 
this the metal was obtained by Hielm in 1782. To procure the metal, 
the native sulphuret is powdered and exposed under a mufile, moderately 
heated, till converted into a gray powder, which is to be digested in 
ammonia, and the solution filtered and evaporated to dryness. The resi- 
duum is dissolved in nitric acid, re-evaporated to diyness, and violently 
heated with charcoal. Metallic molybdenum may also be obtained by 
passing a current of dry hydrogen gas over molybdic acid, strongly heated 
in a porcelain tube. It should be suffered to cool in the contact of 
hydrogen. 

The metal is of a whitish-gray colour, and of excessively difficult fusion. 
According to Hielm, its specific gravity is 7-4; according to Bucholz, it 
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is as high as 8.6, and of the colour of silver, somewhat malleable, and 
unchanged by air. When exposed to heat and oxygen, molybdenum is 
acidified, a white ciystalline sublimate of molybdic acid being formed. 
At a lower temperature, it first acquires a brown and then a blue film. 
It is not acted on by dilute sulphuric, muriatic, or hydrofluoric acids ; 
boiled in sulphuric acid, sulphurous acid is evolved, and a brown com- 
pound formed: it is dissolved by nitric acid, and very readily by nitro- 
muriatic acid. It is rapidly oxidized by fusion with saltpetre. 

Molybdenum forms three compounds with oxygen, two of which are 
salifiable, and the third, an acid. Its equivalent number is 48, (47*7 
Turner; 48 Gmelin.) 

Protoxide of Molybdenum (7W0/+0)is obtained, according to Ber- 
zelius, by dissolving molybdic acid, or molybdate of potassa or soda in 
muriatic acid, and putting a piece of pure zinc into the solution ; the 
liquid changes to blue, red and black; excess of ammonia is then added, 
by which protoxide of molybdenum is thrown down in the form of a 
black hydrate^ whilst the oxide of zinc is retained in alkaline solution; 
the hydrate is then washed, and dried in vacuo over sulphuric acid. It 
is very apt to retain adhering oxide of zinc. This oxide is difficultly 
soluble in acids, and the solution, unless very dilute, is almost olack; it 
is insoluble in the caustic alkalis and in the carbonated fixed alkalis ; 
but it is soluble in excess of carbonate of ammonia; when precipitated 
by that salt from its acid solutions, it consists of 

Bencllm. 

Molybdenum . . I 48 . . 86.7 • • 86.69 

Oxygen . . .1 . . 8 . . 14.3 . . 14.31 

I 56 100.0 100.00 

Deutoxide of Molybdenum ; Binoxide of Molybdenum (?7loZ +2 O ) 
was obtained by Bucholz, by strongly heating molybdate of ammonia 
rammed down in a crucible: the molyldic acid is reduced by the hydro- 
gen of the ammonia, and a crystalline copper-coloured substance is 
obtained, of the specific gravity 5.6. It may also be procured, according 
to Berzelius, by heating a mixture of muriate of ammonia ^d molybdate 
of soda in a platinum crucible till the fiimes cease: the residue is well 
washed, digested in caustic potassa to separate any molybdic acid, and 
again washed with boiling water. The oxide remains in the form of a 
black powder, becoming dark-brown when dry, and purple when exposed 
to the sun’s rays. In this state it is almost insoluble in acids and alkalis, 
and nitric acid converts it into molybdic acid. 

‘The Hydrated Deutoxide may be obtained by digesting a mixture 
of molybdic acid and metallic molybdenum in muriatic acid, till the 
solution, which is at first blue, becomes dark-red: the addition of 
ammonia then precipitates the hydrate, in colour resembling peroxide of 
iron. In this state it dissolves in the acids, and forms reddish-brown 
solutions. It is insoluble in the caustic alkalis, but soluble in their 
carbonates. 

When metallic molybdenum and molybdic acid are boiled together in 
water, a blue solution is formed, which has sometimes been termed 
molyhdous acid^ but which appears to be a compound of molybdic acid 
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>vith the deutoxide, and consequently a molybdate of molybdenum. The 
deutoxide consists of 

Biicholz. Berzelius. 

Molybdenum . 1 . . 4a . . ( 76 • • 73 . . 76 

Oxygen . . . 2 . . 16 . . 26 . . 27 . . 25 

I 64 100 100 100. 

Peroxide op Molybdenum, or Molybdic Acid. (TTIoZ +3 0) or 
7nX)V. To obtain this acid, the native sulphuret of molybdenum should 
be triturated, to reduce it, as far as possible, to powder, and distilled, 
with three or four parts of nitric acid, to dryness. This operation should 
be repeated, till the ore is converted into an uniform white mass, which 
consists of molybdic, nitric, and sulphuric acids ; the two latter may be 
expelled by a red-heat, in a platinum cmcible, and the remaining molybdic 
acid repeatedly washed with boiling-water, in which it is little soluble, 
will be nearly pure. It may be rendered perfectly pure by solution in 
ammonia, precipitation by nitric acid, and exposure to heat. Molybdic 
acid may also be procured by roasting the powdered native sulphuret at 
a low red-heat, till it ceases to give out sulphurous acid ; the residue, by 
digestion *in ammonia, affords a molybdate of ammonia,^ which may be 
purified by crystallization, and decomposed by a moderate heat in a 
platinum crucible, so as to leave the molybdic acid. 

The molybdic acid, thus procured, is a white powder, of the specific 
gravity of 3.46, and requiring, according to Hatchett, 960 parts of boiling 
water for its solution, which is yellow, reddens litmus, but has no sour 
taste. Its solubility probably differs with its aggregation, for Bucholz 
found it soluble in about 500 parts of cold water. Heated to redness in 
an open vessel, it slowly sublimes, and condenses in brilliant yellowish 
scales. It dissolves in hot sulphuric acid, forming a solution, which is 
colourless while hot, but on cooling acquires a blue colour, which is 
heightened by the addition of soda. Its muriatic solution is pale yel- 
lowish-green, but becomes blue when saturated by potassa. (Hatchett, 
Thtl, Trans.^ 1796.) 

. It dissolves in the alkalis forming solutions which are colourless, and 
from which the molybdic acid is at first precipitated, but afterwards 
dissolved, by the stronger acids. Molybdic acid is composed of 

Berzelius. Bucholz. 

Molybdenum . 1 • . 48 . . 66.7 • • 66.613 . • 67.6 

Oxygen . . . 3 . . 24 . . 33.3 . . 33.387 . . 32.5 

1 72 100.0 100.000 100.0 

Molybdate of Ammonia. (?71oZ^+A.) This salt is obtained by 
dissolving molybdic acid in excess of ammonia, and leaving it to spon- 
taneous crystallization; it forms square prisms, of a pungent metallie 
taste. When the ammoniacal solution is boiled down, it affords, on 
cooling, a crystalline mass of bimolybdate of ammonia; which, by spon- 
taneous evaporation, may be obtained in rhombic crystals of a pide 
blueish-green colour, and difficultly soluble in water. Distilled in close 
vessels this salt yields water, ammonia, and nitrogen, and leaves brown 
deutoxide; in open vessels the residue is molybdic acid. (Berzelius). 
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Molybdate op PoTAfiiSA (WloZ^+P) is formed by digesting the acid 
in potassa; or by heating to redness two parts of nitre with one of 
molybdic add, and lixiviating the mass. Its solution, whidi is colourless, 
yields small rhomboidal crys^s by evaporation, and affords a precipitate 
of molybdic acid, to muriatic, nitric, and sulphuric acids. When chlorine 
is passed through it, a white powder falls, difficult of solution in cold 
water, but instantly dissolved by hot, which Berzelius suspects to be a 
himolyhdate of potassa. 

Molybdate of Soda (??loZ^+S) is more soluble than molybdate of 
potassa, and furnishes permanent and transparent ciystals. In obtaining 
this salt, a deposit of a yellowish powder ensues, which is probably a 
himolyhdate of soda. 

Molybdate of Lime (7/ioZ^+C) is thrown down in the form of an 
insoluble powder, when alkaline molybdates are added to solutions of 
lime. 

Molybdate of Baryta (JJftoV falls in the form of a flocculent 
precipitate, which collects into crystalline grains, when molybdate of 
ammonia is added to a solution of nitrate of baryta: by heat it 
acquires a blue tint. It dissolves in nitric and muriatic qpids, and 
these solutions deposit it, when evaporated, in the form of a crystallized 
rind. 

Molybdate of Strontia (??IoZ^ + Str) is insoluble in water. 

Molybdate of Mag.nesia (?71oZ^+M) is soluble in water, and forms 
clusters of small prismatic crystals, which become yellow when heated, 
and lose 28 per cent, of water: it dissolves in 12 to 15 times its weight 
of water (Berzelius). 

Molybdate of Manganese (771oZ^+Man) is a white and somewhat 
soluble powder. 

Molybdate of Protoxide of Iron is insoluble, and of a dark-brown 
colour (Scheelc). ^ 

Molybdate of Peroxide of Iron is a yellowish-brown precipitate, 
decomposed by caustic alkali. 

Molybdate of Zinc is insoluble in water, white, pulverulent, and 
soluble in the stronger acids. 

Molybdate of Peroxide of Tin is a gray powder, insoluble in water, 
soluble in caustic potassa and in muriatic acid, but not altered by muriatic 
acid. 

Molybdate op Cobalt is precipitated of a dirty-yellow colour, but 
becomes red by drying: it is decomposed by the alkalis and by the 
stronger acids. 

Molybdate of Nickel is a pale-green powder, soluble in boiling 
water. 

Molybdate OF Lead. (?71oZ^-|-Pl.) This compound is precipitated 
in the form of an insoluble powder : it dissolves in nitric acid and in 
caustic alkalis ; it occurs native^ crystallized, and of different shades of 
yellow. It was first discovered in Carinthia, and has since been found 
in Mexico, Hungary, and Saxony: it was analyzed by Mr. Hatchett, 
{Phil. Trans., 1796, p. 323,) whose researches have thrown much light 
upon the nature of the molybdic compounds. 

It consists of 
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Niitwe, 

Artifidal. 

Oxide of lead . 
Molybdic acid . 

. . . 1 

. . . 1 

. 112 
. 72 

. 60.87 
. 39.13 

Hatchett. 

. 60.4 . 
. 39.6 . 

Gobel. 

59.5 

40.5 

Berzelius. 

. 64.42 
. 35.58 


1 

184 

100.00 

100.0 

100.0 

100.00 


Molybdate op Copper is yellow-green, difficultly soluble in water, and 
easily decomposed by acids and alkalis. 

Molybdate op Uranium is a pale-yellow powder, soluble in the 
stronger acids and in carbon!:te of ammonia. 

Chlorides op Molybdenum. According to Berzelius there are three 
chlorides of molybdenum corresponding in composition to the oxides. 

Protochloride of Molybdenum (Tlfiol+d) is obtained by dissolving 
the protoxide, to saturation, in muriatic acid ; the solution is of a very 
deep red-brown colour, and leaves on evaporation a viscid mass, soluble 
in water. It forms double salts with muriate of ammonia, and with 
chloride of potassium. 

Bichloride op Molybdenum. sC.) ITiis compound is 

formed by heating metallic molybdenum in pure and dry chlorine ; the 
metal burns, and a very dark-red vapour fills the retort, which condenses 
into crystals much resembling iodine ; they are fusible, volatile, and in 
the air first fume a little, and then deliquesce into a black liquid, which 
changes colour in proportion to the water it absorbs, becoming blue- 
green, green-yellow, dark-red, rose-coloured, and lastly, yellow. When 
the crystals are thrown into water, much heat is evolved ; if the solution 
be dilute, it becomes green or blue in consequence of oxidizement. This 
chloride forms a triple ammofiio-chloride of molybdenum^ with muriate 
of ammonia. 

Perchloride op Molybdenum (77loZ+ sC) is formed when molyb- 
dic acid is dissolved in muriatic acid : it is obtained in the solid form, 
when a current of chlorine is passed over gently-heated deutoxide of 
molybdenum. A white or yellowish crystalline sublimate is formed, and 
molybdic acid remains in the tube : this compound is less volatile than 
the bichloride, but it rises in vapour at a temperature below redness : it 
does not fuse. It readily dissolves in water, and is soluble in alcohol : 
its taste is sharp, astringent, and afterwards, sour. 

Iodides op Molybdenum. Iodine has no action on metallic molyb- 
denum at any temperature. Protiodide of Molybdenum {TlfWl+i) may 
be formed by dissolving the protoxide in hydriodic acid. Biniodide ^ 
Molybdenum (jnol -|- s i) is produced when the deutoxide is dissolved in 
hydriodic acid ; the solution yields dark-red crystals on evaporation. 

Bromide of Molybdenum has not been examined. 

Protofluoride op Molybdenum (77loZ+^) is formed by dissolvili^ 
the hydrated protoxide in hydrofluoric acid ; a dark-purple solution is 
obtained, which, by very careful evaporation, leaves a purple viscid 
residue ; at a higher temperature it becomes brown, and loses its perfect 
solubility in water : it forms triple compounds with ammonia, and with 
the fluorides of potassium and sodium. 

Bifluoridb of Molybdenum (77loZ+ s^) is obtained by saturating 
hydrofluoric acid with the deutoxide : on evaporation a black crystalline 
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compound is obtained, w}iich 3 d€lds a red aqueous solution : it forms 
double salts with ammonia, potassium, and sodium. 

Perfluoride of Molybdenum (77loZ+ 3^) is the result of the Solu- 
tion of molybdic acid in h/drofluoric acid ; it yields, on evaporation, a 
yellow uncrystallizable residue, which easily acquires a blue tinge from 
dust, or other reducing agents. 

Molybdenum and Sulphur. There are three sulphurets of molyb- 
denum^ two of which correspond with the dcutoxide and with molybdic 
acid; and the third contains 4 equivalents of sulphur: no protosulphur et^ 
corresponding with the protoxide, has as yet been formed. 

Bisulphuret of Molybdenum (?7loZ+a S) is produced artificially by 
intensely heating a mixture of molybdic acid and sulphur, out of the 
contact of air. It forms the natwe sulphuret^ and consists of 

Bueholx. Uniuili'H. 

Molybdenum ... 1 . . 48 . . CO . . GO . . 59.0 

Sulphur 2 . . 32 . . 40 . . . 40 . . 40.4 

1 80 100 100 100.0 

Native Sulphuret of Molybdenum is found in Bohemia, Sweden, and 
near Mont Blanc, disseminated in a gray granite. It has been found in 
England, chiefly in Cornwall ; and in l^otland, in Inverness-shire. It 
rarely occurs crystallized ; generally massive, and in easily-separable 
laminae. It is soft and unctuous to the touch, and in colour much like 
lead ; infusible, and unchanged by heat when air is excluded. Its pro- 
perties have already been referred to, as a source of molybdenum. It is 
found exclusively in primitive rocks; generally in granite, and with 
quartz. 

Tersulphuret of Molybdenum {THdI + 3 S) is obtained by satu- 
rating a strong solution of a molybdic salt wdth sulphuretted hydrogen, 
and then adding muriatic acid; a dark-browm precipitate falls, which 
becomes black on drying, and which, when heated in close vessels, gives 
ofiT sulphur, and becomes bisulphuret: it dissolves slowly in the caustic 
alkalis, and more easily in the alkaline hydrosulphurets. 

It consists of 

Berzelius. 

Molybdenum .1 . . 48 . . 50 . . 49*72 

Sulphur ... 3 . • 48 . . 50 . • 50.28 

1 96 100 100.00 

This sulphuret combines with the sulphurets of the electropositive 
metals (alkaline bases), and forms a class of sulphur-salts^ which may be 
called molybdo-ter sulphurets, 

• Molybdo-tersulpuuret of .Potassium. ( Ttbol + 3 $ ) + (jOO + S.) 
This salt is formed by saturating molybdate of potassa by sulphuretted 
hydrogen, and evaporating ; it forms prismatic crystals of a beautiful 
green and iridescent lustre; by transmitted light they are ruby-red, soluble 
in water, and insoluble in alcohol ; on the addition of the stronger acids, 
sulphuretted hydrogen b evolved, tersulphuret of molybdenum is preci- 
pitated, and a salt of potassa remains in solution. This salt is anhy^ous, 
and consists of 
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• 

BerzeUas. 

Hulphuret of potassium . . 

Tersulphuret of molybdenum 

1 

56 

36.8 


1 

. . 96 

63.2 

64.43 


1 

152 1 

100.0 

100.00 


Similar soluble mol^bdo^tersulphurets may be formed with sulphurets 
of sodium, and lithium, and with those of barium, strontium, and calcium ; 
and several insoluble molyhdo-iersulphurels are obtained by double de- 
composition. 

Persulphuret of Molybdenhai; Quadrosulphuret op Molybde- 
num. (TTIOZ + 4 5.) This compound is obtained as follows: saturate 
bimolybdate of potassa with sulphuretted hydrogen, and boil the resulting 
turbid solution for some hours in a retort; when it cools, a black light 
powder, and red crystalline scales are deposited, which must be separated 
as far as possible ; the red crystalline deposit is then washed upon a filter 
with water, till the washings no longer afford a red (not a brown) preci- 
pitate with muriatic acid ; the residue upon the filter is then treated by 
boiling water, and the dark-red solution wiiich filters through is decom- 
posed by excess of muriatic acid ; a bulky dark-red or brown precipitate 
falls, which is the quadrosulphuret ; it is«washed and dried, during which 
it slirinks, acquiring a gray lustre, and giving a cinnamon-brown powder. 
It consists of 

KerselitiB. 

Molybdenum .1 . . 48 • 42.86 . . 42.58 

Sulphur . . 4 . . 64 . 57-14 . . 57.42 

1 112 100.00 100.00 

This, like the tersulphuret, combines with the protosulphurets of the 
electropositive metals, and forms molyhdo-per sulphur el s ; they are rarely 
crystallizable, and of a red or orange colour. 

Salts of the Oxides op Molybdenum. There are three classes of 
these salts: those of the protoxide; of the deutoxide; and of molybdic acid, 

1. The salts of the prof oxide are black or deep purple; they have a 
purely astringent taste. 2. The salts of the deutoxide^ when anhydrous, 
are nearly black, but red when they contain ^vater of crystallization : their 
solutions have an astringent, sourish, and metallic taste ; they iwe ren- 
dered brown by infusion of galls, and a gray-brown precipitate falls ; 
ferrocyanuret of potassium occasions a dark-brown precipitate, which is 
insoluble in excess of the precipitant. They arc rendered black by an 
immersed plate of zinc, and a black zinciferous protoxide of molybdenum 
falls. 3. The molybdic acid^ before it has been heated, is soluble in the 
other acids, and produces a class of compounds which, in some of their 
characters, resemble the common salts; but they combine with the alkalis 
in the manner of a double acid. 

There is also a class of molybdic compounds of a deep-blue coloi$; 
they are double salts, the basis of which is a compound of the deutoxide 
with molybdic acid. 

Before the blowpipe molybdic acid melts by itself upon the charcoal 
with ebullition, and is absorbed. In a platinum spoon it emits white 
fumes, and is reduced in the interior flame to molybdous acid, which ie 
blue, but in the exterior flame it is again oxidated and becomes white. 
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With microcosmic salt, in the exterior flame, a small proportion of the 
acid gives a green glass, which by gradual additions of the acid passes 
through yellow-green to reddish, brownish, and hyacinth-brown, with a 
slight tinge of green. In the interior flame the colour passes from yellow- 
green, through yellow-brown, and brown-red, to black ; and if the pro- 
portion of acid be large, it acquires a metallic lustre, like the sulphuret, 
which sometimes remains after the glass has cooled. Molybdic acid is 
but sparingly dissolved by borax. In the exterior flame the glass acquires 
a gray-yellow colour. In the interior flame black particles are precipitated 
from the clear glass, leaving it almost colourless when the quantity of 
molybdenum is small, and blackish when the proportion is large. If, to a 
glass formed of this acid and microcosmic salt, a little borax be added, and 
the mixture fused in the exterior flame, the colour becomes instantly 
reddish-brown: in the interior flame the black particles are also separated, 
but in smaller quantity. By long-continued heat the colour of the glass 
is diminished, and it appears yellower by the light of a lamp than by day- 
light. This acid is not reduced by soda in the interior flame. 


§ XXV. CHROMIUM. 

Chromium was discovered by Vauquelin in It waa^ named from 

colour^ on account of its tendency to produce coloured com- 
pounds. Its two native combinations are the chromate of lead, in which 
the metal was originally discovered, {Ann, de Chimie,, xxv. and Ixx.,) and 
the chromate of iron, which is a compound of the oxides of chromium 
and iron, found abundantly at Unst in Shetland, and in several parts of 
Europe and America. Metallic chromium may be obtained by intensely 
igniting its oxide with charcoal. Its colour resembles that of iron; its 
specific gravity is 5.9. It is brittle, and difficult of fusion, and has only 
been imperfectly examined in its metallic state. It is said by Bucholz, 
to be feebly attracted by the magnet; it is not easily acted on by acids. 
Its equivalent is 28. 

Chromium and Oxygen. There are two well-defined oxides of 
chromium: the protoxide, which is a salifiable base; and the peroxide, or 
chromic acid. According to Berzelius, there also exists a definite 
deutoxide. 

Protoxide op Chromium; Sesquioxide op Chromium. {chT + \^ 0 .) 
There are several modes of obtaining this oxide; — 1. When metallic 
chromium is exposed to the action of heat and air, it combines superfi- 
cially with oxygen, and this oxide is formed. 2. The simplest method 
of obtaining it consists in heating chromate of mercury red-hot. 3. It 
may be obtained by calcining a mixture of equal parts of chromate of 
potassa and sulphur in a close earthen crucible, at a red-heat, and 
washing the green mass whiclv is produced, to dissolve out the sulphate 
and sulphuret of potassa: the oxide of chromium remains, and is ren- 
dered pure by repeated washings. {Ann. de Chim. et Phys., xiv., 299.) 
4. By digesting chromate of lead in a mixture of muriatic acid and 
alcohol; an ether is formed, chloride of lead thrown down, and chloride 
of chromium remains in solution ; it may be precipitated in the state of 
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carbonate of chromium by carbonate of potassa, and this precipitate 
washed, and heated red-hot, yields the pure protoxide. 5. Chromate 
of potassa may be dissolved in excess of muriatic acid, and sulphuretted 
hydrogen passed through the solutioju, whioji reduces the^ chromic acid to 
oxide, the muriatic solution of which may be decomposed as above. 

* Protoxide of chromium is of a green colour, infusible and unchanged 
by heat. After exposure to a red-heat it is scarcely attacked by the acids, 
but readily dissolves in them when recently precipitated, and in the state 
of hydrate. It is converted into chromic acid by deflagration with 
nitre. Fused with vitrifi?>ble substances, and especially with borax, it 
confers upon them a characteristic green colour : hence its use in porce- 
lain and enamel painting. It is the colouring-matter of the emerald. 

When it is precipitated from its acid solutions, by the caustic fixed 
alkalis, it falls in the form of a bulky green powder, soluble in excess Of 
the alkali, but again thrown down on boiling the solution ; in this state 
it is a hydrate. It is very sparingly dissolved by excess of ammonia. It 
may be best obtained by adding a mixture of equal parts of muriatic 
acid and alcohol, in small portions, to a boiling solution of chromat^^ of 
potassa, until the liquid acquires a pure green colour. When cold, 
excess of ammonia is added, which precipitates the oxide, combined with 
a large relative proportion of water ; and in this state it readily dissolves 
in the acids. (Thomson.) 

When tartaric acid is added to the aqueous solution of chromate of 
potassa^ it causes an effervescence, and the solution becomes green in 
consequence of the conversion of the chromic. acid into protoxide of 
chrome : the addition of ammonia now throws down a bulky green 
tasteless powder, readily soluble in acids, which is also an hydrated oxide 
of chromium ; when heated, it loses as much as thirteen-fifreenths of its 
weight of water, leaving two-fifteenths of dry protoxide, of a green 
colour, but difficultly soluble. According to Thomson, this therefore 
contains a larger quantity of water than any other metallic hydrate. 

Berzelius states, that when oxide of chromium, obtained by gently 
drying the hydrate, is heated nearly red-hot in a crucible, it suddenly 
becomes ignited throughout, without cither gaining or losing weight : 
this occurs in close as well as in open vessels ; when cool it has a fine 
green colour, and has become insoluble, in the acids. To render it again 
soluble it must be digested in concentrated sulphuric acid, or fused with 
caustic potassa, or with nitre. In this respect it resembles zircon and 
titanic acid. As oxide of chromium is generally obtained by heating th^ 
chromate of mercury red-hot, it most commonly is in the insoluble state ; 
when its solutions are required, they are best obtained from the hydrate. 
This oxide consists of 


Btirxellua. 


Chromium 

. . 1 

28 

70 

. . 70.11 

Oxygen . , 

. . u . . 

12 

30 

. . 29.89 


1 

40 ^ 

100 

100.00 


Native Protoxide of Chromium has been found in France, in the 
department of the Rhone, in the form of a green incrustation. It is the 
colouring-matter of the emerald, and exists in a few other minemls. 
Deutoxide of Chromium. When nitrate of chromium is decom?* 
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posed at a red-heat, an insoluble brown deutoxide is formed. When 
heated with muriatic acid, chlorine is evolved, and a muriate, containing 
the protoxide, is formed. According to Berzelius, when a solution of 
chromic acid in sulphuric acid, is digested with the hydrated protoxide 
of chromium, a brown solution is obtained, from which the deutoxide, 
in the state of hydrate, is precipitated by the caustic alkalis : he says 
that it dissolves in, and gives distinct salts with, the acids ; distinguished 
from the protosalts by their brown colour, and convertible into protosalts 
by deoxidizing agents. At a red-heat this deutoxide loses oxygen, and 
becomes protoxide. According to Dobereiner, this oxide may be re- 
garded as a dichromate of chromium : or a compound of two atoms of 
the green oxide and one of chromic acid. 

Chromic Acid : Peroxide of Chromium, {chv + 3 0) or chT *, 
Pure chromic acid may be procured, according to Unverdorbcn,' by 
the following process, from the ore called chromate of iron^ which is a 
more common mineral than the chromate of lead. It is a compound of 
the oxides of iron and chromium. Reduce it to a fine powder, and expose 
it to a bright red-heat for two hours, mixed with half its weight of nitre ; 
wash the contents of the crucible, and add to the lixivium nitric acid 
sufficient to neutralize the excess of potassa: in this way a solution of 
nitrate and of chromate of potassa is obtained. Upon adding nitrate of 
lead to this solution, chromate lead is precipitated in the fom of a 
yellow powder, which is to be w’^ashed, dried, and heated to redness. Of 
this chromate, four parts are then well mixed >vith three of finely- 
powdered and pure fluor-spar (previously heated red-hot), and five ctf 
concentrated sulphuric acid; this mixture is introduced into a distillatory 
apparatus of lead or platinum, and gently heated ; a red vapour is libe- 
rated, which is conducted into distilled water contained in a vessel of 
platinum: it is thus condensed into a dark orange-colpured liquid: the 
red vapour is a fluoride of chromium^ and is resolved by water into hydro- 
fluoric and chromic acids, the solution of which, evaporated in a platinum 
vessel, leaves pure chromic acid. If, instead of conducting the vapour 
into water, it be received into a platinum vessel, containing pieces of 
moist blotting-paper, it is decomposed as before; but the chromic acid is 
deposited in beautiful acic^ar crystals, which soon deliquesce. 

Another method of preparing chromic acid has been suggested by 
M. Arnold Maus, which consists in decomposing a* hot concentrated 
solution of bichromate of potassa by silicated hydrofluoric acid: the 
chromic acid, after being separated from the sparinglj^-soluble fluoride 
of silicium and potassium, is evaporated to dryness in a platinum 
capsule, and then redissolved in the smallest possible quantity of 
water: by this means the last portions of the double salF are rendered 
insoluble, and the pure chromic acid may be separated by decantation'. 
The acid must not be filtered in tUs concentrated state, as it then cor- 
rodes paper like sulphuric ad^} and is 'converted into chromiate of the 
green oxide of chromium. When it is wished to prepare a large quantity 
of chromic acii by this process, porcelain vessels may be safely employed 
in the first pait of the operation, provided care is taken to add a quantity 
of siiipited hyd^uoric acid, not quite sufficient for precipitating the 
whol^f the potassa." (Turner's Elements.) 
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Chromic acid was formerly obtained by decomposing chromate of lead, 
or chromate of baryta, by sulphuric acid; but in that ca'se, when the 
solution is evaporated, the crystals which o.re obtained^ always retain 
sulphuric acid, and if it be attempted to cxpel this by heat, part of the 
chromic acid is itself decomposed. (Gay Lussac, Ann. de Chim. et Phys.^ 
xvi., 102.) 

Chromic acid is of a dark-red colour, becoming almost black when 
heated; its taste is sour and metallic; it tinges the cuticle yellow; it 
may be obtained from its aqueous solutions in deliquescent prismatic 
crystals, of a ruby colour. When heated red-hot, it gives out a portion 
of oxygen, and becomes the green protoxide; it is energetically acted on 
and converted into oxide by ammonia. It dissolves in alcohol, and the 
solution gradually deposits green oxide. It combines with sulphuric 
acid, and the compound forms octoMral crystals, formerly mistaken for 
pure .chromic acid. With muriatic acid it forms a compound which 
dissolves gold. The aqueous solution of chromic acid is decomposed by 
the sun’s rays, and deposits the oxide. ' Chromic acid appears to be the 
colouiing matter of the ruby. 

The salts of chromic acid are said to be isomorphous with those of the 
sulphuric and selenic acids. It is composed of • 


Chromium . 

. 1 

28 

63.85 

HiT/elius. 

53.98 

Oxygen . . 

. 3 

24 

40.15 

40.02 


1 

52 

100.00 

100.00 


Chromate op Ammonia ( cflT ^ + A) is formed by saturating ammonia 
with chromic acid, and concentrating the solution over sulphuric acid in 
vacuo ; it fonns yellow crystalline' scales, having an alkaline reaction, very 
soluble, and anhydrous. (Thomson.) 

Bichromate op Ammonia (scAt^'+A) is produced when the solu- 
tion of the preceding salt is concentrated on a sand-heat; it forms* 
crystalline plates, resulting from an oblique rhombic prism (Brooke^ 
Ann, of Phil.y 2nd series, vi., 287), and which include 2 atoms of water. 
(Thomson.) 

Chromate op Potassa. (jcflT' + P.) This salt is prepared by exposing 
a mixture of 4 parts of powdered native chromite of iron with I of nitre, 
to a strong heat for some hours, and washing out the resulting soluble 
matter ; the. process is repeated till the ore is decomposed^ The washings 
yield ckromaie ^potassa by evaporation; it forms yellow crjrstals, tlie 
primary form of which is^ right rhombic prism (Brooke, Ann. qf Phil.^ 
2nd series, vi., 120). It has a disagreeable metallic taste. It is extremely 
soluble in boding-water. At 60% 100 parts of water dissolve about 48 
of the salt. It is insoluble in alcohol. Its specific gravity is 2.6. 
According to Thomson it is anhydrous, and its colouring power is so 
great, that one part imparts colour to 40,000 of water. If one grain be 
d^solved with 20 of nitre, and the solution evaporated, the crystals of 
nitre aVe ^dmost as yellow as those of the chromate. When heated to 
redness it acquires a crimson colour, but becomes again yellow on cooling. 
When fused, it b^omes green from loss of oxygen {Ann. of xyi.^ 
321). Heated with acetic acid and alcohol it is converted into -acetate 

3d 
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posed at a red-heat, an insoluble brown deutoxide is formed. When 
heated with muriatic acid, chlorine is evolyed, and a muriate, containing 
the protoxide, is formed. According to Berzelius, when a solution of 
chromic acid in sulphuric acid, is digested with the hydrated protoxide 
of chromium, a brown solution is obtained, from which the deutoxide, 
in the state of hydrate, is precipitated by the caustic alkalis : he says 
that it dissolves in, and gives distinct salts with, the acids ; distinguished 
from the protosalts by their brown colour, and convertible into protosalts 
by deoxidizing agents. At a red-heat this deutoxide loses oxygen, and 
becomes protoxide. According to Dobereiner, this oxide may be re- 
garded as a dichroniate of chronnium: or a compound of two atoms of 
the green oxide and one of chromic acid. 

Chromic Acid : Peroxide op Chromium. {cKt + 3 0) or cJlT^. 
Pure chromic acid may be procured, according to Unverdorben, by 
the following process, from the ore called chromate of iron^ which is a 
more common mineral than the chromate of lead. It is a compound of 
the oxides oT iron and chromium. Reduce it to a fine powder, and expose 
it to a bright red-heat for two hours, mixed with half its weight of nitre ; 
wash the contents of the crucible, and add to the lixivium nitric acid 
sufficient to neutralize the excess of potassa: in this way a solution of 
nitrate and of chromate of potassa is obtained. Upon adding nitrate of 
lead to this solution, chrtmaie of lead is precipitated in the foim of a 
yellow powder, which is to be washed, dried, and heated to redness. Of 
this chromate, four parts arc then well mixed with three of finely- 
powdered and pure fluor-spar (previously heated red-hot), and five of 
concentrated sulphuric acid; this mixture is introduced into a distillatory 
apparatus of lead or platinum, and gently heated ; a red vapour is libe- 
rated, which is conducted into distilled water contained in a vessel of 
platinum: it is thus condensed into a dark orange-coloured liquid: the 
red vapour is fluoride of chromium^ and is resolved by water into hydro- 
. fluoric and chromic acids, the solution of which, evaporated in a platinum 
vessel, leaves pure chromic acid. If, instead of conducting the vapour 
into water, it be received into a platinum vessel, containing pieces of 
moist blotting-paper, it is decomposed as before ; but the chromic acid is 
deposited in beautiful acic^lar crystals, which soon deliquesce. 

Another method of preparing chromic acid has been suggested by 
M. Arnold Mans, which consists in decomposing a* hot concentrated 
solution of bichromate of potassa by silicated hydrofluoric acid: the 
chromic acid, after being separated from the sparinglj^-soluble fluoride 
of silicium and potassium, is evaporated to dryness in a platinum 
capsule, and then redissolved in the smallest possible quantity of 
water : by this means the last portions of the double salt are rendered 
insoluble, and the pure chromic acid may be separated by decantation\ 
The acid must not be filtered in this concentrated state, as it then cor- 
rodes paper like sulphuric aoi^ and is 'converted into chromate of the 
green oxide of chromium. When it is wished to prepare a large quantity 
of chromic acid by this process, porcelain vessels may be safely employed 
in the first part of the operation, provided care is taken to add aquanUty 
of siikpted hydrofluoric acid, not quite sufficient for precipitating the 
whol^f the potassa." (Turner's Elements,) 
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Chromic acid was formerly obtained by decomposing chromate of lead, 
or chromate of baryta, by sulphuric acid; but in that case, when the 
solution is evaporated, the crystals which are obtained always retain 
sulphuric acid, and if it be attempted to expel this by heat, part of the 
chromic acid is itself decomposed. (Gay Lussac, Ann, de Chim, et Phys., 
xvi., 102.) 

Chromic acid is of a dark-red colour, becoming almost black when 
heated; its taste is sour and metallic; it tinges the cuticle yellow; it 
may be obtained from its aqueous solutions in deliquescent prismatic 
crystals, of a ruby colour. When heated red-hot, it gives out a portion 
of oxygen, and becomes the green protoxide; it is energetically acted on 
and converted into oxide by ammonia. It dissolves in alcohol, and the 
solution gradually deposits green oxide. It combines with sulphuric 
acid, and the compound forms octoedral crystals, formerly mistaken for 
pure .chromic acid. With muriatic acid it forms a compound which 
dissolves gold. The aqueous solution of chromic acid is decomposed by 
the sun’s rays, and deposits the oxide. * Chromic acid appears to be the 
colouiing matter of the ruby. 

The salts of chromic acid are said to be isomorphous with those of the 
sulphuric and selenic acids. It is composed of • 


Chromium . 

. 1 


28 

53.85 

RiT'/elina. 

53.98 

Oxygen . . 

. 3 

. . 

24 

40.15 

40.02 


1 


52 

100.00 

100.00 


Chromate of Ammonia {c/lT^+A) is formed by saturating ammonia 
with chromic acid, and concentrating the solution over sulphuric acid in 
vacuo ; it forms yellow crystalline scales, having an alkaline reaction, very 
soluble, and anhydrous. (Thomson.) 

Bichromate op Ammonia (iChv^+A) is produced when the solu- 
tion of the preceding salt is concentrated on a sand-heat; it forms* 
crystalline plates, resulting from an oblique rhombic prism (Brooke, 
Ann, of Phil,^ 2nd series, vi., 287), and which include 2 atoms of water. 
(Thomson.) 

Chromate of Potassa. ( chv ^ + P*) This salt is prepared by exposing 
a mixture of 4 parts of powdered native chromite of iron with 1 of nitre, 
to a strong heat for some hours, and washing out the resulting soluble 
matter ; the. process is repeated till the ore is decomposed* The washings 
yield chromate (f potassa by evaporation; it forms yellow ciystals, the 
primary form of which is^ right rhombic prism (Brooke, Ann. qf Phil,^ 
2nd series, vi., 120). It has a disagreeable metallic taste. It is extremely 
soluble in boiling-water. At 60®, 100 parts of water dissolve about 48 
of the salt. It is insoluble in alcohol. Its specific gravity is 2.6. 
According to Thomson it is anhydrous, and its colouring power is so 
great, that one part imparts colour to 40,000 of water. If one grain be 
dissolved with 20 of nitre, and the solution evaporated, the crystals of 
nitre ate almost as yellow as those of the chromate. When heated to 
redness it acquires a crimson colour, but becomes again yellow on cooling. 
When fused, it becomes green from loss of oxygen {^Ann, of Pl%y xvi,, 
321). Heated with acetic acid and alcohol it is converted into acetate 

3d 
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of potassa, and acetate of protoxide of chromium (Tassaert, Ann, de 
Chim, et Phys,^ xxii., 51). It consists of 


Potassa . . . 

, 1 


48 

Tnsaaert. 

Thomson. 

48 

Chromic acid . 

. 1 

• • 

52 

52 


1 


100 

100. 


Bichromate of Potassa + is obtained by adding a suf- 

ficiency of sulphuric acid to a solution of the chromate to give it a sour 
taste, and setting it aside for a day or two, when deep orange-coloured or 
red crystals are deposited. It is also produced by mixing the aqueous 
solution of the chromate with nitric acid. It yields splendid crystals in 
the form of quadrangular prisms and tables, which are permanent in the 
air, of a cooling metallic taste, and soluble in 10 parts of water at 60°. 
Their specific gravity is 1.98. At a red-heat they melt, without decom- 
position, into a transparent red liquid. This salt is largely manufactured 
at Glasgow, for the use of calico-printers. It consists of 

GiouvelU'. Thomson. Tassaert. 

Potassa . . . 1 . 48 . 31.5 . 31.154 . 31.579 . 32.6 

Chromic acid . 2 . 104 . 68.5 . 68.846 . 68.421 . 67.4 

1 152 100.0 100.000 100.000 100.0 

Bichromate of Chloride of Potassium. When 2 atoms of chromic 
acid and 1 of chloride of potassium are dissolved in muriatic acid, crystals 
may be obtained from the solution, which are in the form of flat qua- 
drangular prisms, having the colour of the bichromate of potassa. The 
same salt is formed when a mixed solution of bichromate of potassa and 
muriatic acid is boiled ; in that case the requisite chloride of potassium is 
formed at the expense of the muriatic acid and potassa. This salt is per- 
manent in the air, and may be dissolved without decomposition in dilute 
muriatic acid ; but, by pure water it is again resolved into muriatic acid 
and bichromate of potassa. In this compound, therefore, the chloride of 
potassium acts as a base to the chromic acid. Peligot has obtained 
similar bichromates of the chlorides of sodium, calcium, magnesium, and 
ammonium (Ann. de Chim. et Phys.^ lii., 267). The chloro-bichromute 


of potassium consists of 

Chromic acid ... 2 
Chloride of potassium 1 

104 

76 

67.7 

42.3 

Pi-lignt. 

58.21 

41.29 

1 

180 

100.0 

99.50 


, Chromate op Soda ( chv ^ + S) crystallizes in oblique rhombic prisms, 
efflorescent in dry air (Brooke, Ann. of Phil.^ 2nd series, vi., 287), and 
of a fine yellow colour, very soluble in water, and sparingly so in ^cohol: 
they consist of 1 atom of anhydrous chromate -|- 12 atoms of water. The 
bichromate of soda is red, and forms large irregular plates, consisting of 1 
atom of anhydrous bichromate +20 atoms of water. (Thomson.) 

Chromate OF Lithia (chT^-^-U) forms yellow oblique prisms very 
'soluble in water. (C. Omelin.) 
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Chbomatb of Lime. {chrt+G.) When chromate of potassa is 
mixed with solution of chloride of calcium a yellow precipitate gradually 
falls: the salt described by .Vauquelin as forming silky crystals, is proba- 
bly a bichromate of lime, 

Chuomatb OP Baryta (cAr^+B) is a pale-yellow powder which 
falls/when chromate of potassa is dropped into chloride of barium: it is 
very sparingly soluble in water, but soluble in nitric and muriatic acid, 
and in excess of chromic acid, and again precipitable by ammonia. 
(Gmelin.) It consists of 

Vauque'in. Derzcliuii. 

Baryta . . . 1 . . 77 . - 59.4 . . 67.75 . . 69.86 

Chromic acid . 1 . . ^2 . . 40,6 , , 42.25 . . 40.16 

I 129 100.0 100.00 100.00 

Chromate op Strontia. (cAt^ + Str,) An insoluble pale-yellow 
powder: it dissolves in nitric, muriatic, and chromic acids (Gmelin). 

Chromate OF Magnesia (cAt^^+M) maybe formed by dissolving 
magnesia in chromic acid; it forms transparent rhomboidal crystals, very 
soluble in water, and containing 1 atom of anhydrouschroinate-f 2 atoms 
of water. (Thomson.) » 

Chromate op Manganese. Neither chromate nor bichromate of 
potassa produce any immediate precipitate in solutions of the protoxide 
of manganese, but after a time a brown precipitate falls : the chromic 
acid appears to be partially deoxidized by the oxide of mangenesc. 

Chromate op Iron. No combination of the protoxide of iron with 
chromic acid can exist, because it abstracts oxygen from that acid, and 
produces oxide of chromium. The chromate of the peroxide of iron (per- 
chromate) is soluble; and (here is a brown insoluble subchromate. The 
compound called native chromate of iron^ is a compound of oxide of 
chrome with protoxide of iron : its specific gravity is 4.6. It sometimes 
forms octoedral crystals: it is not soluble in the- dilute acids, but may be 
decomposed by fusion with potassa, or with nitre. 

Chromate of Zinc. Chromate of potassa throws down a yellow 
flocculent precipitate in solution of sulphate of zinc, soluble in excess of 
the latter salt, and sparingly so, according to Moser, in water. 

Chromate of Tin. Protoxide of tin decomposes chromic acid. Per- 
chromate of tin is thrown down as a yellow precipitate when permuriate 
of tin is mixed with chromate of potassa. 

Chromate op Cadmium has not been described. 

Chromate op Cobalt ^ a gray insoluble powder. 

Chromate op Nickel is a red deliquescent salt; the alkalis throw 
down from it a subchromate of an orange colour. 

Chromate of Copper. When chromate of potassa and sulphate of' 
copper are mixed, a buff-coloured precipitate falls: it is soluble in ammonia, 
with a fine green colour. 

Chromate OP Lead. ( CnT ^+ Ph ,) When chromate of potassa is 
added to any of the soluble salts of lead, a fine yellow powder falls, which 
is the neutral chromate: it is insoluble in water, but soluble in nitric 
acid, and in solution of potassa: solution of carbonate of potassa forms « 
with it carbonate of lead and chromate of potassa: muriatic acid forms 

3 D s 



CHROMATES. 


772 

with it chloride of lead, and a muriatic solution of chromic acid: when 
heated its colour is deepened, and it fuses at a red-heat (Vauquelin). A 
diluted solution of nitrate of lead being added to a very alkaline solution 
of chromate of potassa, and left at rest for some time, there was found 
in the mixed solution, small red crystals, which, upon examination, 
proved to resemble in all their characters the native chromate of lead. 
(Faraday.) 

Native Chrmnate of Lead is of a deep orange-red colour; when pul- 
verized, orange-yellow. It occurs crystallized in many varieties of form, 
of which the primitive is, according to Haiiy, an oblique prism ; it is 
somewhat translucent and brittle. Specific gravity 6. Before the blow- 
pipe it crackles, and melts into a greyish slag. It occurs in the gold mine 
of Beresof, in Siberia, in a vein traversing gneiss and mica slate; and near 
the same place in fissures in a sandstone. (W. Phillips.) Chromate of 
lead is anhydrous, and consists of 

Pfiiflf. aerzeliiH. 

NnUre. NnUre /Jrtijic'af. 

Oxide of lead ... 1 . 112 . 68.29 . 67.91 . 68.38 . 68.147 

Chromic acid . . . 1 . 52 . 31.71 . 31.72 . 31.62 . 31.853 

1 164 100.00 99.63 100.00 100.000 

Dichromate ofLead; Subchromate of Lead (cAt*'-!- sPl). This 
Salt was first noticed by Dulong and Grouvelle, in 1812 and 1822, and 
its composition pointed out by Badams in 1825 (Ann. of Phil^ 2nd series, 
ix., 303). It is formed by digesting the neutral chromate in caustic 
potassa ; or by boiling a mixture of the neutral chromate with two thirds 
its weight of oxide of lead, in water: it is an insoluble scarlet-coloured 
powder, which, when digested in acetic acid, loses half its oxide. Liebig 
and Wohler prepare it by adding the neutral chromate to fused nitre, and 
washing the residue (Poggend., xxi., 580). It is anhydrous, and con- 
sists of 


Oxide of lead . 

2 

224 

81.16 

HarliimK. 

80.98 

Chromic acid , 

. 1 

52 

18.84 

19.02 


T 

276 

100.00 

100.00 


These chromates of lead are valuable pigments, and used both in oil 
and water colours, in calico printing, and dyeing (Lassaigne, Ann. de 
Chim. ei Phys.^ xv., ^6). 

Chromate op Antimony. Chromate of potassa added to a muriatic 
solution of oxide of antimony forms a brow^ precipitate, soluble with a 
green colour, in excess of the antimonial solution. 

Chromate of Bismuth is formed by mixing chromate of potassa with 
nitrate of bismuth; it is a lemon-coloured powder, very sparingly soluble 
in water, and reddened by solution of potassa. (Grouvelle.) 

Chromate of* Uranium. Chromate of potassa occasions an ochre- 
yellow precipitate in solution of nitrate of uranium. (Moser.) Carbonate 
of uranium dissolved by chromic acid yields small cubic and dendritic 
crystals. (John.) 

Chromate of Molybdenum. When chromic and molyl^dic acids are 
dissolved in boiling-water, they form a yellow solution, which yields on 
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evaporation an uncrystallizible residue, with which water forms a brown 
solution, and leaves a yellow and difficultly-soluble powder. (Berzelius.) 

Chromates op Mercury, Silver, &c. (See those metals.) 

Chloride op Chromium; Sesquichloride op Chromium {chr + l^C). 
This compound is obtained by red-heating a mixture of dry protoxide of 
chromium and charcoal in a current of dry chlorine: a pink crystalline 
sublimate gradually rises, soft to the touch, and transparent when in thin 
layers. It slowly dissolves in water, and yields a green solution similar 
to that obtained by dissolving the hydrated protoxide of chrome in muri- 
atic acid ; or by decomposing chromate of lead by muriatic acid mixed 
with a little alcohol. When tliis aqueous solution of the chloride is 
evaporated, a dark-green hydrated chloride remains (composed of 2 atoms 
of sesquichloride and 3 water), and when this is heated to about 500° out 
of the contact of air, it again becomes anhydrous; in this state it con- 
sists of 


Chromium . 

. 1 

. 28 .. . 

34.2 

Chlorine . . 

. 14 • 

64 

65.8 


1 

82 

100.0 


Perchloride of Chromium; Terchloride of Chromium {chT+ 3C). 
This compound may be obtained by distilling a mixture of chromate of 
lead, chloride of sodium, and sulphuric an’d, and conducting the evolved 
vapour, which is a mixture of chlorine, muriatic acid, and terchloride of 
chromium, through a tube cooled to 0®, by which the latter is condensed 
into a dark-red liquid, heavier than water, very volatile, and exhaling 
fumes in the air, of the colour of nitrous acid. It acts violently on water, 
and produces a muriatic solution of chromic acid: it absorbs chlorine and 
dissolves iodine. A small fragment of phosphorus brought into contact 
with a drop of this compound, inflames and explodes; it is also rapidly 
decomposed by sulphur and by mercury^, (Dumas and Berzelius). It 
probably consists of 


Chromium . . 

. . 1 

28 

20.6 

Chlorine . . 

. . 3 

108 

79.4 


1 

136 

100.0 


Neither the iodide nor the bromide chromium have been examined. 

Fluoride of Chromium. When protoxide of chromium is dissolved 
in hydrofluoric acid, and evaporated to dryiiess, a green crystallized salt 
remains, soluble in water. It forms diflicultly-soluble double salts with 
the fluorides of ammonium, potassium, and sodium. 

Perpluortde op Chromium; Terpluoride op Chromium sj ). 

This compound was discovered by Unverdorben in J824 (Trommdorfs 
Journal der Pharmacies ix., and Edin, Journal of Sciences iv.) He 
obtained it by the process above described, under the head of chromic 
acids and is the red vapour there mentioned (p. 768). In consequence 
of its powerful action on glass, the ghs can only be collected and preserved 

* This seems to be the compound I but that the slightest adhering moisture 
which Dr. Thomson described under I causes explosion. Unverdorben is stated 
the name of cA/orocAromu; ooid; he states by Dumas to have obtained the above 
that dry phosphorus has no action on it, compound. 
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in vessels of platinum, so that its properties have been but imperfectly 
studied: it explodes when mixed witb ammonia, and it seems doubtful 
whether it forms compounds witb that gas, analogous to the fluoboric and 
fluosilicic acids. The action of water on this compound has been above 
adverted to: it appears to be composed of 


Chromium . 

. 1 

• ■ • 

28 

34.1 

Fluorine . .. 

. 3 


64 

65.9 


1 


82 

lOO.O 


Hence, when decomposed by the action of water, 1 atom of this 
fluoride is resolved into 1 atom of chromic acid {cKt + 3 O), and 3 atoms 
of hydrofluoric acid (3^4* f)» 

Nitrate of Chromium. When hydrated protoxide of chromium 
is dissolved in nitric acid, the solution is blue by reflected, but red by 
transmitted light: evaporated to dryness, a red deliquescent uncrystal- 
lizable salt (deutonitrate*of chromium) remains. A solution of chromic 
acid in nitric acid yields on evaporation dark brownish-red granular 
crystals. 

SiTLPHURET OP Chromium is formed by passing the vapour of sulphuret 
of carbon through a red-hot porcelain tube, containing protoxide of chro- 
mium; or by heating a mixture of hydrated protoxide and sulphur, in 
vacuo: it is of a dark-gray colour, and when heated in the air it burns 
into oxide, evolving sulphurous acid: nitromuriatic acid converts it into 
a sulphate of the protocliloride of chromium. It is insoluble in potassa 
and in hydrosulphuret of potassa. It consists of 


Chromiiiin . , 

. . 1 

28 

53.85 

Rok(> smd 
Uerzeliiis. 

54 

Sulphur . . 

. . I 2 

24 

46.15 

46 


1 

52 

100.00 

100. 


This sulphuret is a weak sulphur base^ and forms a few sulphur 
salts.* 

Sulphite of Ciiuomium. Sulphurous acid readily dissolves the hy- 
drated protoxide. 

Sulphate of Chromium. When the solution of hydrated protoxide of 
chromium in dilute sulphuriy acid is evaporated, an insoluble subsalt 
remains. 

Ammonia-sulphate of Chromium. This salt forms purple octoedral 
crystals. (Haidinger, Edin. Jour, of Science, i. 100.) 

Potassa-sulphate of Chromium. When a mixed solution of acid 
protosulphate of chromium, and sulphate of potassa, is left to spontaneous 
evaporation, regular octoedral crystals, appearing purple in one direction, 
and green in another, are deposited. When this salt is dissolved in water, 
and the solution evaporated, it can only be again obtained in regular 
crystals, when excess of sulphuric acid is present, by which the solubility 
of the salt is diminished. This salt, Berzelius observes, may be called 
chrome alum, and if aluminum were substituted for chromium, common 
alum would be the result; so that there are not less than four isomor- 
phous oxides which give aluminoid salts with potassa and sulphuric acid, 
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namely, those of aluminum, manganese, iron, and chromium. It 
consists of 





Berzelius. 

Potassa 

.1 

48 

9.38 

Protoxide of Chromium . . 

. 2 

80 

15.90 

Sulphuric acid 

.4 

160 

31.80 

Water 

.24 

216 

42.92 


1 

504 

100.00 


Chromosulphate of Potassa. When solutions of chromate and of 
sulphate of potassa are mixed and evaporated, a double salt is obtained, 
containing 43.3 of chromate and 56.7 of sulphate of potassa : it forms 
pale yellow prismatic crystals, and yields a precipitate with nitrate of 
baryta, which is only partially soluble in nitric acid. It has occasionally 
been substituted for chromate of potassa. It has a bitterish taste and is 
readily soluble in cold and hot-water. (Boutron Charlard, Journal de 
Phann,^ ix., 184.) 

PiiospHuuET OF Chromium. When phosphate of chromium is intensely 
heated with charcoal a gray phospburet is obtained. AVhen phosphuretted 
hydrogen gas is passed over scsr{uichloride of cliromium at a red-heat, a 
black phosphuret is the result, which burns before tlie blowpipe, and is 
insoluble in muriatic acid. (Rose.) 

Phosphate op Chromium. When phosphate of potassa is added to a 
solution of protochloridc of chromium a gray precipitate falls. The 
solution of hydrated protoxide of chromium in phosphoric acid is emerald ' 
green and uncrystallizable. (Vauquelin.) 

Carbonate of Chroahum. The gray-green precipitate which the 
carbonated alkalies produce in solutions of the protosalts of chromium, is 
not a truq carbonate, but a compound of subcarbonate and hydrate of 
protoxide of chromium. (Berzelius). It dissolves, according to Meissner, 
in solution of carbonate of potassa, forming a grass-green liquid. It is 
sparingly soluble in carbonate of ammonia. 

None of the allo}fs of chromiiini are important, nor have they been 
much examined. 

Before the blowpipe, the oxide of chromium exhibits the following 
properties: it is fusible with microcosmic salt in the interior flame, into a 
glass which at the instant of its removal from the flame is of a violet hue, 
approaching more or less to dark blue or red, according to the proportion 
of the chromium. After cooling, the glass is bluish-green, but less blue 
than copper glass. In the exterior flame the colour becomes brighter, and 
less blue than the former. With borax it forms a bright-yellowish or yel- 
low-red glass in the exterior flame ; and in the interior flame this becomes 
darker and greener, or bluish-green. 

§ XXVI. VANADIUM. 

Tuts metal was discovered by Seftstrom in the year 1830; its name is 
derived from Vanadis^ a Scandinavian deity ; he found it in the ores of iron 
from Taberg in Sweden, and in the slags from the reducing furnaces. 
The same metal was shortly after found by Mr. Johnston of Durham^ "in 
a lead ore from Wanlock-head ; and by Del Bio, in a lead ore from Zemapsm 
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ill Mexico: the latter terms it Erytkroniutn^ from the red colour of its 
acid. Thus have three person's noticed the existence of Vanadium 
without the knowledge of each other's labours, but the merit of being the 
first discoverer is fairly due to Professor Seftstrom. (Phil. Mag. and Ann. 
X. 321; Ann. de Chim. et Pkys.^ xlvii., 377; Brewster's Journal, v. 318, 
new series ; Poggendorff's Ann. xxii. 1.) 

Vanadium is most readily obtained from the native vanadiate of lead, 
by the following process of Mr. Johnston; the ore is dissolved in nitric 
acid, and a current of sulphuretted hydrogen passed through the solution, 
by which lead and arsenic are precipitated, and a blue solution obtained, 
which is evaporated to dryness: the residue is dissolved in ammonia, and 
a piece of sal ammoniac larger than it can dissolve is introduced into the 
solution: Vanadiate of ammonia then subsides in the form of a white 
powder, which should be washed, first with a solution of muriate of 
ammonia (in which it is insoluble) and then with alcohol of the specific 
gravity 0.86. This salt may be decomposed by heating and stirring it in 
a platinum crucible till it acquires a red colour; it is then vanadic acid. 
Berzelius succeeded in reducing this acid by the action of potassium, 
which at a moderate heat suddenly decomposes it, and on washing the 
residue, vanadium remains in a pulverulent form. Vanadium may also 
be obtained by decomposing the liquid chloride of vanadium by a 
current of dry ammonia, and heating the white saline mass which is so 
produced. 

Vanadium has somewhat of a silvery lustre, is extremely brittle, con- 
ducts electricity, and is not acted upon by air or water at common tem- 
peratures ; at a dull red-heat it takes fire and bums into a black oxide ; 
it is not acted upon by sulphuric, muriatic, or hydrofluoric acids, but 
nitric and nitromuriatic acid yield dark blue solutions: it is not acted on 
by boiling caustic potassa, or by the alkaline carbonates at a red-heat; its 
equivalent is 68. (68.5 Turner.) 

Vanadium and Oxygen. There are three compounds of this metal 
wdth oxygen; two oxides, and an acid. 

Protoxide of Vanadium. ('ZJfl-f'O). When a stream of dry hydrogen 
gas is. passed over heated vanadic acid, water is formed, in consequence 
of the partial reduction of the acid, and a black substance remains, which 
is extremely infusible, conducts electricity, is strongly electronegative in 
relation to zinc, and which, when heated in the air, is converted by slow 
combustion into the deutoxide. It is not salifiable. From these characters, 
this substance, if not vaqgdium, would appear to be a mixture of the 
metal with a portion of the oxide: according to Berzelius it is a compound 
of 68 vanadium + 8 oxygen, and therefore a protoxide. Exposed to air 
and moisture it slowly absorbs oxygen, and when kept in water gradually 
communicates to it a green tint : the same change occurs in alkaline and 
acid solutions, and with the exception of nitric and nitromuriatic acids, 
it is not dissolved by them. 

Deutoxide OP Vanadium. (Z^fl-fsO). When 10 parts of protoxide 
imd 12 of vanadic acid are intimately mixed and heated in an exhausted 
v^sel, or in one filled with carbonic acid, a black compound is obtained, 
is insoluble in water, and which consists of 68 vanadium 4- 16 
bli^en. This is the only salifiable oxide: it may be obtained in the state 
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of hydrate^ by precipitation from its acid solutions by carbonate of soda, 
and if carefully dried out of the contactf of air is of a gray colour, and 
gives out its water when heated. In this hydrated state it yields blue 
solutions with the acids: it also dissolves in caustic potassa and in 
ammonia, forming brown liquids. 

V ANADic Acid. {^CL +- 3 0). When vanadiate of ammonia is mode- 
rateTy heated and stirred in an open vessel, it gradually acquires a red 
colour, and leaves vanadic acid: heated in a close vessel, the hydrogen of 
the ammonia deoxidizes the acid, and^ the deutoxide is the product : 
vanadic acid when fused, is red; but when in powder, brown: it fuses at 
a heat below redness, and in the act of crystallizing, as it cools, it 
contracts in bulk and gives out so much latent heat as to become incan- 
descent. It undergoes no change by heat, provided all deoxidizing agents 
are excluded; when any combustible matter is present it passes into the 
state of oxide : it is tasteless ; insoluble in alcohol, and nearly so in water. 
The equivalent of vanadic acid is 92: it consists of 

Vanadium .1 . . 68 . . 74 

Oxygen . . 3 . . 24 . . 26 

1 92 100 

Vanadiatbs. The compounds of vanadic acid with salifiable bgises 
are generally orange-coloured or yellow, but they sometimes are produced 
colourless, without any apparent change of composition: it forms neutral 
and bi-salts, those with the alkalies being soluble, and with the other 
oxides, either sparingly soluble or insoluble. The soluble salts are easily 
deoxidized, by alcohol, sulphuretted hydrogen, sulphurous acid, and 
several of the hydracids, Vanadic acid dissolves and forms variously 
coloured compounds with the deutoxide of vanadium: these compounds 
are formed when the deutoxide in water is exposed to air ; it gradually 
forms vanadic acid, and the solution becomes blue, green, yellow, and 
red, according to the extent of acidification. It also combines with some 
of the other acids, as is the case with the chromic acid. 

The colour of vanadic acid distinguishes it from others, with the 
exception of the chromic, with which it was at first confounded f but the 
blue colours, as opposed to the green of chromic acid, produced by deox- 
idizing substances, is a distinctive character. When heated with borax 
before the blowpipe it produces, like chromic acid, a green bead in the 
reducing flame; but in the exterior flame, the green remains if from 
chrome, but becomes yellow if from vanadium. 

Salts of Vanadium. The salts of the deutoxide of this metal are best 
obtained by the action of the respective abids upon the hydrated deut- 
oxide : they are blue, and afford a gray precipitate with the alkalies, which 
when exposed to air becomes red: infusion of galls blackens them. The 
nitrate of vanadium^ which is at first blue, becomes red during evapora- 
tion, from the formation of vanadic acid. 

Chlorides of Vanadium. When deutoxide of vanadium is digested 
in muriatic acid a brown compound is obtained, which appears to be a 
bichloride. (Z?a+ aC). When dry chlorine is passed over a red-heated 
mixture of protoxide of vanadium and charcoal, in a glass or porcelain 
tube, a yellow liquid is obtained, which when acted upon by water yields 
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weight of muriate of ammonia, evaporated to* dryness, and heated red- 
hot in a- Hessian crucible. The mass is then well washed in boiling 
water, and digested in weak solution of potassa. The residue is oxide 
of tungsten. In this process the tungstate of potassa and muriate of 
ammonia form chloride of potassium and tungstate of ammonia ; but at 
a red-heat the ammonia decomposes the tungstic acid, and reduces it to 
the state of oxide, which is prevented by the fused chloride of potassium 
from passing into the state of acid. (Wohler, Quarterly Journal^ xx., 
177*) Thus prepared, the oxide is black, and when heated to redness, 
it suddenly ignites, and becomes converted into tungstic acid by the 
absorption of oxygen. It does not appear capable of entering into 
combination with the acids so as to form salts. When a current of 
hydrogen gas is carefully passed over heated tungstic acid, it is partially 
deoxydized and converted into a chocolate-colourcd oxide, which neither 
combines with acids nor with bases, and which is identical in compo- 
sition with the above. (Ann, de Chim. et Phys,, xvii., 16.) If the 
action of hydrogen bo too long continued, the oxide itself is reduced. 
This oxide consists of 

Tungsten 1 . . 100 . . 80.25 . 85.54 

Oxygen 2 . . 16 . . 13.75 . . 14.46 

1 116 100.00 100.00 

Wohler has described an interesting combination of this oxide with 
soda, ^vhich is obtained by adding as much tungstic acid to fused 
tungstate of soda as it will dissolve, and then passing hydrogen over the 
compound at a red-heat : on waslijng out the undecomppsed tungstate 
with water, a golden-coloured substance remains, in small cubes and 
scales of a metallic lustre, and insoluble in caustic alkalies and in nitric, 
sulphuric, and nitro-muriatic acids, but soluble in hydrofluoric acid. At 
a red-heat, oxygen, chlorine, and sulphur decompose it. It cannot be 
obtained by the direct combination of soda with the oxide. (Poggend.^ 
ii., 345.) It consists of 


Soda 

. 1 

32 

. . 12 , 

W^6hler. 

. . 12.4 

Oxide of Tungsten. . 

. 2 

. . 232 

. . 88 . 

. . 87.6 


1 

264 

100 

100.0 


Tungstic Acid (tU+3 0) or tW, is obtained when the oxide is heated 
red-hot and stirred, in an open vessel. When finely-powdered native 
tungstate of lime is boiled for some hours in nitric acid, tungstic acid is 
separated, in the form of a yellow powder, which may be freed from 
adhering nitric acid, by dissolving it in ammonia, and heating the 
tungstate of ammonia to redness. Tungstate of potassa, prepared by 
heating wolfram with carbonate of potassa, ns above described, may also 
be decomposed by nitric acid, and the precipitate heated with ammonia ' 
as before. 

Tungstic acid is a yellowish powder, which appears green whilst hot, 
and also acquires a greenish colour by long exposure to the sun's rays. 
Its specific gravity is 6.12. It is insoluble in water, but readily soluble 
in the caustic alkalis. When precipitated by the acids from its ammo« 
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niacal solution, a portion 4F the precipitant is carried down with it, and 
ill this waj compounds of sulphuric, nitric, and muriatic acids, with 
tungstic acid, may be produced, which are more or less soluble in water. 

When tungstic acid is exposed to a heat of about 600^ in a current 
of hydrogen, it becomes blue; a similar product is obtained when 
metallic zinc is put into a mixture of muriatic and tungstic acids ; or 
when tungstate of ammonia is decomposed by distillation in a retort. 
This has sometimes been regarded as a distinct oxide, but, according to 
Berzelius, it is a tungstate of the oxide, or a compound of the acid and 
oxide. Tungstic acid consists of 

Di* Luyart. nudiol*. Berzelius. 

Tungsten . . . 1 . . 100 . . 80.6 . . 80.64 . . 80 . . 70*766 

Oxygen . . . . 3 . . 24 . . 19.4 . . 19.36 . . 20 . . 20.234 

' 1 124 100.0 100.00 100 100.000 

General Properties op the Tungstates. The alkaline and earthy 
tungstates are colourless ; they are heavy ; and those which are soluble 
have a bitter metallic taste : muriatic, nitric, and sulphuric acids occasion 
in them white precipitates. When their acid solutions are acted upon 
by zinc, they acquire the blue colour above adverted to. 

Tungstate of Ammonia is procured in crystalline scales, sparingly 
soluble in water, of a metallic taste, by digesting the acid in ammonia. 
It contains, according to Berzelius. 


Ammonia . . . 

. 1 . 

17 * 

6.0 . 

Ik'rzclius. 

6..338 

Tungstic acid . . 

. 2 . 

. 248 . 

. 87.6 . 

. 87.000 

Water . . . . 

. 2 . 

18 . 

6.4 . 

6.662 

• 

— 


— 



1 

283 

100.0 

100.000 


Tungstate of Potassa is uncrystallizable and deliquescent. The 
acids occasion precipitates in its solution, which are triple compounds of 
tungstic acid, potassa, and the acid used as a precipitant. The Nitro- 
tungstate qf Potassa is the salt originally described by*Scheele as tungstic 
acid. It dissolves in 20 parts of water, at 212°, and reddens litmus. 

Tungstate of Soda crystallizes in hexaedral tables, soluble in 4 of 
cold, and 2 parts of boiling water, and of an acrid taste. Sulphuric, 
nitric, and muriatic acids occasion precipitates, as in the tungstate of 
potassa. 

Tungstate op Lime, of Baryta, and op Strontia, are insoluble 
white compounds. 

Tungstate of Magnesia is obtained by boiling the acid with 
magnesia, filtering, and evaporating; it crystallizes in pearly scales. 
The acids produce precipitates of triple compounds in its solution. 

Tungstate of Manganese, formed by adding tungstate of potassa to 
muriate of manganese, is an insoluble white powder. (John, Gehlen*s 
Journal^ iv.) Tungstate qf Iron is also insoluble : Tungstate of Zinc 
aind qf Tin have not been described, nor have any of the remaining 
tungstates been examined in their pure state. 

Chlorides of Tungsten. When metallic tungsten is heated in 
chlorine, it bums and forms a red crystalline compound, which is fusible 
and volatile, and which, according to Wohler, becomes blue in water, 
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forming muriatic acid and depositing a suboxSb. It is soluble in caustic 
potassa with the eyolution of hydrogen, and yields tungstate of potassa 
and chloride of potassium. A similar compound appears to be formed 
when sulphuret of tungsten is heated in chlorine, which condenses in 
long acicular crystals, and is resolved into a red vapour when heated. 
These chlorides appear to consist of 


Tungsten ..... 1 . . 100 . . 58 

Clilorine 2 . . 72 . . 42 


1 172 100 

When oxide of tungsten is heated in a current of chlorine, it bums, 
and forms a ]^erchloride^ which condenses in yellowish- white plates ; it 
is extremely volatile, and when exposed to air or moisture forms 
muriatic and tungstic acids ; hence it is inferred to consist of 


Tungsten . . 100 . . 48.1 

Chlorine 3 . . 108 . . 51.9 


I 208 lOO.O 

Sulphuuets of Tungsten. When 1 part of tungstic acid is mixed 
with 6 of cinnabar, and heated intensely for half an hour ; or when the 
vapour of sulphur, or sulphuretted hydrogen is passed over tungstic acid 
heated intensely in a porcelain tube, a black powder is obtained, which 
assumes metallic lustre by friction, and which consists, according to 
Berzelius, of 100 tungsten + 33.6 sulphur ; it is therefore a hisulpkuret; 
(tU + uS). 

When tungstic acid is dissolved in hydrosulphuret of ammonia, or of 
potassium, and preeijntated by ah acid, a compound falls of a dirty- 
yellow colour, and somewdiat soluble in winter; it becomes darker 
coloured when dried, and when heated in close vessels, first gives off a 
little water, and then its excess of sulphur ; it leaves the bisulphuret. 
This appears to be a tersulphuret : (^^4* 3S). 

Phosphuret of Tungsten may be formed, but has not been examined. 
(Berzelius.) 

Before the blowpipe Tungstic Acid becomes upon charcoal at first 
brownish-yellow, is then reduced to a brown oxide, and lastly, becomes 
black without melting or smoking. With microcosmic salt it forms in 
the interior flame a pure blue glass, without any violet tinge ; in the 
exterior flame this colour disappears, and appears again in the interior. 
With borax, in the internal flame, and in small proportion, it forms a 
colourless glass, which, by increasing the proportion of acid, becomes 
dirty-gray, and then reddish. By long exposure to the external flame it 
is rendered transparent, but as it cools it becomes muddy, whitish, and 
changeable into red when seen by daylight. It is not reduced. 

§ XXVIII. COLUMBIUM.^ 

This metal was discovered in 1801 by Mr. Hatchett, in a mineral from 
North America. It was afterwards found combined with the oxides of 
iron and manganese, and also with yttria, in the Swedish minerals called 
tafUalite and ytiro-tanialite, Tantalite is chiefly found in octo^dxal 
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^gnilabi and in masses ||f a black or gray colour, in Finland. ^ Its 
specific grayity is 7*9, and it contains, according to Ekeberg, 80 oxide of 
columbinm, 13 oxide of iron, and 8 oxide of manganese. Yttro4antalite 
is found at Ytterby, in Sweden. It contains about 45 per cent, of oxide 
of columbium. Its colour is dark gray, its lustre shining, and some- 
what metallic. 

Columbium was discovered in these minerals by M. Ekeberg, and, 
considering it as a new metal, he called it tantalum. In 1809 {Phil. 
Trans.) f)r. Wollaston re-examined these, and the specimen in the 
British Museum originally analysed by Mr. Hatchett, and demonstrated 
the identity of columbium and tantalum. As the former name was 
given to this body by its original discoverer, it is here retained. 

Columbite or tantalite may be decomposed by the folloSving process ; 

Mix a parts of the finely-powdered mineral with 25 of carbonate of 

potassa, and 10 of borax; fuse the mixture, and when cold, digest it in 
muriatic acid ; this dissolves every thing except the peroxide of colum- 
bium, which remains in the form of a white powder. (Wollaston, Phil. 
Trans.., 1809, p. 248.) From 5 grains of columbite, Dr. Wollaston 
obtained 4. grains of oxide of columbium, 0.75 of oxide of iron, and 
0.25 of oxide of manganese ; and from 5 grains of tantalite he procured 
4.25 of oxide of columbium, 0.50 of oxide of iron, and 0.2 of oxide of 
manganese. 

Berzelius obtained metallic columbium by heating potassium with 
the potass(hJluori(le of columhium, and washing the reduced mass with 
Water. It remains in the fonn of a black poWder : by pn‘ssure it 
acquires lustre and the colour of iron ; it hums at a rcd-lieat into a 
whitish oxide. Its specific gravity is about 0. It is insoluble, or nearly 
so, in muriatic, nitric, and nitro-muriatic acids. Heated to redness, it 
bums into columhic acid. Mixed with nitre, and projected into a red- 
hot crucible, it detonates, and is oxidized. It forms alloys with other 
metals. {Ann. de Chim. et Phi/s.., iii. 140.) Its equivalent may be 
assumed as 185. (184 (Jmelin, 185 Turner.) 

Oxide of Columbium. When columhic acid is intensely heated for 
an hour and a half in a charcoal crucible, it is superficially reduced to a 
metallic state, hut the interior portion is a dark -gray, and brown wlien 
pulverised; it is insoluble in the acids, but may be peroxidized by fusion 
with potassa : it burns w hen heated in the air. It exists natwe in the 
tantalite of Kimito, in Finland, combined with protoxides of iron and 
manganese. This mineral has a specific gravity = 7-9, and becomes of 
a cinnamon-brown colour when finely pow’dered. Oxide of coJnmbiuni 
consists of 


UrneHna. 

Colmnbiiun 1 . . 186 . . 92.04 . . 92.02 

Oxygen 2 . . 16 . . 7.06 . . 7.98 


1 201 100.00 100.00 

. CoLUMBic Acid. (Col+ aO) or Col^, The best process for obtaining 
colambic acid consists in fusing the ore of columbium with bisulphate of 
potassa, and proceeding as directed by Berzelius. (Lehrbuch). An 
carier, but less economical process, is that of Ekeberg, in which the ore 
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18 fineljr powdered, and fused mth caustic potpsa; a soluble columbate 
of potassais formed, from which the columbic acid may be predpH^^ied, 
as a white hydrate^ by the acids, Dr Wollaston's process above ^yen 
may also be used. The characters of columbic acid are well 
marked. In its anhydrous state, after having been ignited, it nearly 
insoluble in muriatic, nitric, and sulphuric acids ; it is soluble ir« potassa, 
and carbonate of potassa ; 8 grains of the latter, fused witij, 1 of the 
oxide, render it soluble in water. It is much less soluble in soda, and 
only retained while hot. 

The hydrated columhic acid dissolves in nitric, muriatic, and sul- 
phuric acids, and, according to Dr. Wollaston, in tartaric, citric, and 
oxalic acids. In this state, and whilst moist, it is abundantly soluble in 
solution of binoxalate of potassa, but scarcely at all in bitartrate of 
potassa. The oxalic solution is colourless; alkalis throw down the 
columbic .'icid ; ferrocyanuret of potassium produces in it a yellow 
precipitate; infusion of galls gives it an ofange colour, and when added 
in excess produces a precipitate ; the hydrosulphurets occasion a white 
precipitate, with the evolution of sulphuretted hydrogen. Columb’^' 
acid consists of 


Columbium 
Oxygen . . 

: : : 

. 1 

. 3 . 

185 

24 

. . 88.5 

. . 11.5 . 

Berzelii-.s 

. 88.49 

. 11.51 



1 

209 

100.0 

100.00 


CoiiUMBATE oV AiV.MONiA is produccd by digesting hydrated-columbic 
acid in ammonia : it is insoluble, and at a red-heat yields ammonia and 
water: tlie ammonia escapes by long exposure to air. Carbonate of 
ammonia only takes up a trace of columbic acid. 

Columbate of Potassa is obtained by fusing columbic acid with 
carbonate of potassa, pulverising the product, and digesting it in water. 
The columbate of potassa, being nearly insoluble in a solution of car- 
bonate of potassa, remains, and after it has been washed with a little 
cold water, it may be dissolved in boiling water ; when this solution is 
distilled to dr}Tioss, a saline uncrystalli74able mass remains, of an unplea- 
sant metallic taste: its solution is precipitated by all the acids, not 
excepting the carbonic. 

Columbate of Soda may be obtained as the preceding : it is less 
soluble, and is almost entirely deposited, as a white powder, during the 
cooling of its boiling aqueous solution. 

Columbate op Lime and of Baryta are insoluble w'hite powders. 

Ferro-columbate of Manganese has been adverted to above as a 
natural product, under the name of columhite or tantalite. 

Tlie remaining binary salts of the columbic acid with the oxides 
have not been examined. 

CnLoRiDE OF Columbium. The metal bums when heated in chlorine, 
producing a yellow vapour like chlorine, which condenses into a white 
pulverulent substance, which on contact of water is converted, with 
•rapid action and increase of temperature, into muriatic and columbic 
acids : this is therefore a terchhride. (COl + s C.) 

Fluoride of Columbium. When hydrated columbic acid*i8 dissolyed 
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IP hydrofluoric acid, and evaporated at a temperature of about 86^, 
ciystals are obtai^d, which dissolve without residue in water, and 
which consist of ffioride of c^nj^bi^m and hydrofluoric acid. (Ber- 
zelius.) This compound combines with other fluorides to form colutnbih 
0Unides, « 

SuLPHURET OF CoLVMBiUM. When columbium is hea^d in the 
vapour of sulphur it burns into a sulphuret ; a similar compound is 
formed by passing the vapour of sulphuret of carbon over columbic acid 
heated to whiteness in a porcelain tube. In the ^i' this sulphuret burns 
into columbic acid, which obstinately retains a portion of sulphuric acid. 
Berzelius considers this as a tersulphuf sS). 

The remaining combinations of columbium have not been sufficiently 
examined to require notice : the dimeters of its compounds will be 
evident from the preceding paragraphs.# * ^ 

§ XXIX. WEReufeY. 1 

The principal ore of this mcital is the sulphuret^ or native cinnabar^ from 
which the mercury is separated by distillation w'ifh quicklime or iron- 
filings. 

Mercury ( ^ ) is a brilliant white q^ctal, having much of the colour of 
silver, whence the terms hydrargyrum^ argentum vinpm^ and quicksilver. 
It has been knowm from vqry remote ages. It is liquid at all common 
temperatures ; solid and malleable at — 40°, and contracts conniderably 
at the moment of congelation ; its specific gravity in the frozen state 
being 15.6. It boils and' becomelt ^apew at about 670°. Its specific 
gravity at 60° is 13.5 ; and the specific gravity of mercurial vapour is 
6.97* (DuntlBf Ann de Chim. et Phys.^ xxxiii.) It is said to be some- 
times adulterated with lead and bismuth, a fraud easily detected by the 
want of its due fluidity, and by its^t being perfectly volatile, but leaving 
a residuum when boiled in a platinlSh or iron spoon. The best method 
of purifying mercury is to redistil it in an iron retort. The equivalent 
of mercury is 200, (202. Turner; lOl, Gmelin ; 100, Thomson,) nt least 
this number is most consistent with the binary compounds of the "metal, 
and with the constitutiqp of the salts of its oxides. Gmelin, in adopting 
the number 101, regards the protoxide and protochloride as a dioxide 
and dichloride ; that is, (s Ag'+O) and (:2 Ag*+C.) Dr. Thomson also 
considers these compounds as a suboxide subchloride. There are two 
circumstances which justify this atomifTwmght ; one is, that the 'constant 
quantity obtained b> multiplying the specific healiof mm»uiy by its 
atomic number (see p. 149) requires that 100, or thercabotil^ should be 
the equivalent ; md the other, that the specific gravity of the vapour of 
mercury, in refilpice to hydrogen, is as 100 or 101 to 1., IQ; 

* Native Mercury occurs in small fluid globules, in most of the mines 
producing the ores of this metal. ^ * 

Mercury and Oxygen. There are two oxides of mercury. 

Protoxide of Merorpy. {hg+0,) This oxi^e is fomsed, when the 
protochlonde of mercury is decomposed by triturating it in excess of 
solution of potassa, washing the pr^uct with cold water, mad drying it 
at common temperature in a dirk place, (Donovan, Ann, qf PhiL^ xiv.) 
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If heated, or exposed to the sun’s rays, it is rcsolyed into peroxide a||| 
metallic mercury. “A preparation, often considered nearly correspond'-* 
ing with this oxide, is dir^ted in the^fcondow PAafmflcopcpia, under the 
name of Hydrargyri oxidum cinereum. It is made by boiling cdomel with 
lime-water ; but it is by no means a pure protoxide of mercury, and isTso 
^Uiicertai|j|^ in its composition, as to be quite unfit for medical use. It is 
•also supposed that the protor ^.de of mercury i| contained in the Pilula 
hydrargyri^ or blue pili^ and in the unguentum hydrargyri^ or mercurial 
ointment. Some ha'i|| regarded these preparations as merely containing 
Jinely-divided mercury, and deny the possibility of oxydizing the metal, 
when pure, by mere agitation in the contact of atmosjdieric aii , or tritura- 
tion with viscid and oleaginous sujbstanccs;*'it is certain that perfectly 
pure mercury, if at all thus acted gn, is converted into an oxide extremely 
slowly, whilst mercuiy contailik^ a little lead or bismuth, is speedily 
converted into a black powder. Si^e of the protosalts of mercury, 
especially the protonitrate, when cioefully prepared, and decomposed by 
excess of caustic potassa, furnish a ^ecipitate of protoxide of mercury; 
it requires to be washed with repeated afi|^ons of cold w’atcr and care- 
fully dried, first oiTbibulous paper, and tlren in a vacuum over sulphuric 
aci* Protoxide of mercury consists of 

^ Oiiibourt. , Donovan. Foiircruy Seftstrom. 

•Mercury I .. fOO .. 96.1 .. 95.69 .. *96.04 .. 96.16 .. 96.2 

Oxygen 1 . , 8 . . 3.9 . . 4.31 . . 3.96 . . 3.84 . . 3.8 


208 


100.0 


100.00 


100.00 


100.00 


lOO.O 


Pehoxide OP 2 0.) -This oxide is produced by 

exposing mercury, heated nearly to its boiling-point, to the action of air. 
It becomes coated with reddish-browm scales, spangles, crystals, and 
is ultimately entirely converted into a red crystallized mass, called in old 
pharmaceutical works, precipitatum per jc, or calcined mercury. It is 
the hydrargyri oxydum rubrum of the London Pharmacopoeia. It is 
most easily obtained by introducing into a flat-bottomed matrass, of the 
annexed shape {fig. 233) about four ounces of mercury, ^d 
placihg it in a sand-bath, heated nearly to the boiling-point of 
the metal. In about a month's time nearly the whole is con- 233 
verted into oxide. Air is freely admitted by Ihe tube, while 
its length prevents the escape of mercurial vapour, which con- 
denses and falls back into tjjuLbody of the vessel ; the remain- 
ing portion of running meiOTry may. be driven off by exposing 
it in fj bQ|m to a h^at below redness. 

This mde may also be obtained by evaporating nitrate of 
mercury to dryness,«and carefully exposing the residu^o heat; 
or by i^cipitating the perritrate of mercury by potaEfl!^ which 
produces a hydrated perixide of mercury., and which, .after 
thorough edulcoration, must be dried at a high heat. The 
purest peroxide, however, is that obtained by the first process. This 
oxIto has ap acrid m'etalli^ taste, and is poiso]||pus. According to Thom- 
son, Guibourt, and Donovan, it is very sparingly soluble in’ water, and 
the solutioii«has a metallic taste, and is rendered brown by sulphuretted 
hydrogen ; other chemists^ deny the soWbility of the perfectly pure per- 

• 3 £ ' 
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md ascribe it to the presence of a trace of the pemitrate. When 
ihis oxide is heated, it acquires a black colour, but becomes again red on 
cooling ; at a red-heat it evolyes osygen, and is reduced to the metallic 
state. When long exposed to light it Incomes black upon the surface, 
in 'consequence, apparently, of superficial reduction to the state of prot- 
oxide. It should be entirely volatilized when placed upon a red-hot 
iron, for it is sometimes adulterated with red lead. Peroxide of mercury 
consists of ' 

Zabonda. Rose. Pronst. Donovan. Foiircroy. SeOstrom. 

Mercury I . 200 . 92.12 . 90 . 9i . 92 . 92.75 . 92.4 . 92.68 

Oxygen 2 . 16 . 7*86 . 10 . 9 . 8 . 7.25 . 7-6 . 7-32 

T 216 100.00 100 100 100 100.00 100.0 100.00 

Both the oxides of mercury combine with the greater number of the 
acids, forming two distinct classes of salts, several of which are resolvable 
into salts with excess of base, and salts with excess of acid, so that the 
history of the saline combinations of mercury is thus rendered somewhat 
complex. 

Hydraroyrate of Ammonia: Ammonivret op Mercury. When 
peroxide of mercuiy is digested in liquid ammonia, a pale-yellow com- 
pound of the peroxide with 13.6 per cent, of ammonia is obtained. 
(Guibourt.) It is a compound of 3 atoms of peroxide, 2 of ammonia, 
and 4 of water. (Kane.) 

Mercury and Chlorine combine in two proportions, and form a 
protochloridc and perchloride of mercury, corresponding in composition 
with the protoxide and peroxide. These compounds are often called 
calomel and corrosive suhlimaie. 

Protochloride of Mercury; Calomel. ( Ag* + C.) This compound 
is first mentioned by Crollius, early in the seventeenth century. The 
first directions for its preparation are given by Beguin, in the Tirocinium 
Chemicum^ published in 1 608. He calls it draco mitigatus. Several other 
fanciful names have been applied to it, such as aquila mitigata, manna 
metallorum^ panchymagogum minerale^ suhlimatum dulce^ mercurius 
dulcis^ &c. 

The most usual mode of preparing calomel consists in triturating 
4 parts of corrosive sublimate with 3 of mercury, until the globules dis- 
appear, and the whole assumes the appearance of an homogeneous gray 
powder, which is introduced into a matrass, placed in a sand-heat, and 
^dually raised to redness. The protochloridc sublimes, mixed with a 
little of ihe perchloride, the greater part of which, however, being more 
volatile than the calomel, rises higher in the matrass; that winch adheres 
to the protochloride may be separated, by reducing the whole to a fine 
powder, and washing in laige quantities of hot distilled water. Pure 
protochloride ot mercuiy, in the form of a yellowish-white insipid powder, 
remains. 

It was formerly the custom to submit this product to very numerous 
sublimations, under the idea of rendering it mild; but these often tended 
to the production of corrosive sublimate; and the calomel of the first 
sublimation, especially if a little excess of mercuiy be found in it, is often 
more pure than that afforded by 'subsequent operations. . 
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In this process the operation consists in reducing the perchloride to 
the state of protochloride by the addition of mercury. Various modes 
hare, however^been adopted for the direct formation of the protochloride: 
two of these may here be noticed, of which the first is in the humid way^ 
as devised by Scheele and Chenevix. It is as follows: Form a protonitrate 
of mercury hj dissolving as much mercury as possible in nitric acid ; then 
dissolve in boiling water a quantity of common salt, equal to hsdf the 
weight of the mercury used, and render the solution sensibly sour by 
muriatic acid, and pour the hot nitrate of mercury into it. Wash and 
dry the precipitate. If this process be carefully performed, and the 
precipitate thoroughly edulcorated, the calomel is said to be sufficiently 
pure; but I should not recommend it for pharmaceutical use. 

The second process, however, or that by which calomel is directly 
formed in the dry rvay^ appears, on the whole, the least exceptionable 
for the production of this very important article of pharmacy. It is 
as follows: Boil 2 pounds of mercury with 30 ounces of sulphuric acid 
in a glass vessel, until the sulphate of mercuiy is dry. When it has 
cooled, rub it with two pounds of mercury in an earthenware mortar, till 
they are well mixed. Then add a pound and a half of chloride of sodium, 
and rub them together until globules are no longer visible. Put this 
mixture into a proper vessel, and heat it gradually to redness ; the proto- 
chloride of mercury, or calomel, sublimes, and condenses in various forms, 
according to the rapidity of the operation and the fonn and capacity of 
the subliming vessel. If intended for medicinal use, it should be 
cautiously reduced to an impalpable powder, and washed mth repeated 
affusions of hot distilled water, till it becomes perfectly tasteless, and till 
the water which runs off is not discoloured by the addition of an aqueous 
solution of sulphuretted hydrogen. 

This process has many advantages over the more usual method. The 
sulphate of mercury may be formed by boiling the metal with sulphuric 
acid to dryness in a cast-iron vessel, which should be conveniently 
arranged for the escape of the abundant fumes of sulphurous acid de- 
veloped by the action of the mercury, and which are often a serious 
nuisance to the neighbourhood. They may be very effectually annihilated 
by suffering them to pass through a long flue and lofty chimney, mixed 
with abun^nce of coal smoke. The perstdphate of mercury is triturated 
with a sufficient quantity of metallic mercury to convert it into a proto^ 
sulphate^ and then mixed with a due proportion of common salt, and 
subjected to sublimation. Protosulphate of mercury is a compound of 

1 proportional of protoxide of mercury . . . = 208 
1 ,, sulphuric acid ..... =40 

248 

To convert it into protochloride of mercuiy, it is mixed with one 
proportional of chloride of sodium, the chlorine of which combines with 
the mercury of the oxide of mercury in the protosulphate, to form a proto- 
chloride, whilst its sodium becomes sulphate of soda, as shown in the 
following diagram, in which the original compounds are printed in 
small capitals, the products in. italics, and the component substances in 
common type: the equivalent numbers are affixed to the respective agents. 

3 E 2 
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In washing calomel, muriate of 
ammonia is often used, in conse* 
quence of the extreme solubility 
which it confers on the perchloride 
of mercury; common salt answers 
equally well, and is cheaper ; but it 
deserves notice in relation to this part 
of the process, that calomel boiled 
with solution of sal-ammoniac, or of 
common salt, is resolved into metal- 
lic mercury and corrosive sublimate ; the washings, therefore, where these 
salts are employed, should be with their cold solutions ; but, in gencml, 
it is perhaps safer to wash with hot distilled water only, which, when 
conjoined with perfect le\'igation, and tested as above directed, is very 
effective. 

The form in which calomel sublimes depends much upon the dimen- 
sions and temperature of the subliming vessels. In small vessels it 
generally condenses in a crystalline cake, the interior surface of which is 
often covered w’ith beautiful quadrangular prismatic crystals (Brooke, 
Ann, of Phil.^ ii., 427, 2nd series), transparent, and of a texture some- 
what clastic or homy: in this state it acquires, by the necessary rubbing 
into powder, a decidedly yellow or buff colour, more or less deep according 
to the degree of trituration which it has undergone. If, on the contrary, 
the calomel be sublimed into a very capacious and cold receiver, it falls 
in a most impalpable and perfectly white powder, which only requires 
due elutriation to fit it for use ; it then remains perfectly colourless. By 
a modification of the process, it may be suffered as it sublimes to fall into 
w-ater, according to Mr. Jewells patent. 

The above circumstances, too, account for the various appearances 
under which calomel occasionally presents itself in commerce : it may be 
added, that the buff aspect of this substance indicates the absence of 
corrosive sublimate; though it by no means follows as a consequence, 
that when snow-white it contains it. When the surface of massive 
sublimed calomel is scratched, it always exhibits a bufif-colour: it also 
becomes yellow when heated, but loses this tint as it again cools. 

Calomel should be perfectly tasteless, inodorous, and insoluble in 
water. Its specific gravity is 7*2. At a heat somewhat below redness 
it rises in vapour, without previous fusion; but it fuses when subjected 
to heat under pressure. The density of its vapour is 8.2; or 119 in 
reference to hydrogen as unity. When scratched or broken in the dark, 


it phosphoresces. 

It consists of 



Turner. 

Diivy. 

Zalioiulii. 

Mercury 

.... 1 . . 

200 

. . 84.74 

. . 85 

Chlorine 

.... 1 . . 

36 

. . 16.36 

. . 15 


1 

236 

100.00 

100. 


It is decomposed by the fixed alkalis and by ammonia, and protoxide of 
mercury is one of the results. 

Native ProtochUmde qf Mercury^ or Mercurial Horn Ore^ has been 
found in Germany, France, and Spain, usually crystallized, and sometimes 
incnisting and massive: it is rare. 


Prato€htoritk of Mercury 


S48 

PR^TOSWr.- 
PHATK or 
IlKROaRV. 


fMercmy , Chlorine 
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Sulphuric 
Acid 40 

Oxyi^en 8 -f- Sodium 84, 


60 

IChlosidk 


Sulphate ufSoda 
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Peuchloride OP, Mejicuby; Bichloride of Mercury; Oxymuriate 
OF Mercury; Corrosive Spblimatb. {hg + aC.) When mercury is 
heated in excess of chlorine, it burns with a pale flame, the gas is absorbed, 
and a white volatile substance rises, which is the perchloride. It may 
also be obtained by dissolving peroxide of mercury in muriatic acid, 
evaporating to dryness, redissolving in water, and crystallizing. 

The ordinary process for making corrosive sublimate consists in 
exposing a mixture of chloride of sodium and persulphate of mercury, to 
heat in a proper subliming-vessel. 

The persulphate is formed by boiling 2 lbs. of mercury with 30 oz. of 
sulphuric acid to dryness; it is then rubbed to powder witli 4 lbs. of 
chloride of sodium, and the mixture put into a large flask or into an 
earthen subliming-pan, and exposed to a heat gradually raised to redness. 

In this process the original substances are decomposed, perchloride 
of mercury sublimes, and sulphate 
of soda is the residue. The object, 
then, of the operation is, to obtain 
a compound of one proportional of 
mercury and two of chlorine, which 
is effected by the mutual decompo- 
sition of one pro])ortional of persul- 
phate of mercury, =: 296, and two 
proportionals of chloride of sodium, 

60 X 2 =z 120, as shown in the 
annexed diagram : — 

The persulphate of mercury is generally prepared upon the large scale? 
by heating the acid and metal in an iron pot, proper means being adopted 
to carry off the copious fumes of sulphurous acid arising from the decom- 
position of a portion of the sulphuric acid, during the peroxidizement of 
the mercury. The whole is then evaporated to dryness, and the subse- 
quent sublimation is performed in glass, earthenware, or iron vessels, their 
form and .arrangement being much dependent upon the quantity of 
materials employed. 

Perchloride of mercuiy has an acrid nauseous taste, leaving a perma- 
nent metallic and astringent flavour upon the tongue. Its specific gravity 
is 5.2. It is usually met with in the shops in the form of white semi- 
transparent and imperfectly crystallized masses, or in powder. It fre- 
quently exhibits prismatic crystals upon the inner surfaces of the sublimed 
cakes (Brooke, Ann. ef Phil.^ 2nd ser., vi., 285). It is soluble in 20 parts 
of water, at the temperature of 60°, and boiling water takes up nearly 
half its weight, and as the solution cools it deposits quadrangular pris- 
matic crystals: it is more copiously soluble in alcohol and in ether, a||d 
when ether is agitated with the aqueous solution it abstracts the pS- 
chloride from the water. When heated, it readily fuses, boils, and 
entirely sublimes in the fonn of a dense white vapour, powerfully affecting 
the nose and mouth. It dissolves without decomposition in muriatic 
acid, but is insoluble in concentrated nitric and sulphuric acids. Muriatic 
acid of the specific gravity 1.158, at the temperature of 60°, dissolves 
about its own weight, and the solution, when cooled to about 40°, concretes 
into a mass of acicular crystals. 
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ofPKRCHLO- I 
BIDS of MRR« \ 

ct;BY = 272 I 




S proportio- 
^nalt of Lime 
f 28X2 = 56 


When solution of percilaride qf mercury is decomposed by potassa, 
soda, or lime, a yellow precipitate is thrown down, which is a Jiydrated 
peroxide qf mercury. Such a mixture of a pint of lime-water with a 
drachm of corrosive sublimate was formerly much used as an application 
to venereal ulcers, under the name of aqua phagedasnica^ or red lotion. 
It is in fact a solution con- 
taining undecomposed cor- SproportijnaUofCWonrfe o/Ca/c»««. 

rosive sublimate and chloride / — 

of calcium (muriate of Hme) ( 

mixed with peroxide of mer- I 1 

CUry, two proportionals of l proportional I j 2 proportio- 

lime being required for the 'IvowT fix 8= *6 

decomposition of me pro- oti«r=»7s j 

portional of corrosive sub- [ 

limate, as shown in the an- 

nexed diagram, which also v . 

exWbits the theory of the i proportional 

decomposition. 

When protochloride qf i proportional of 0 / 

mercury or calomel is simi- 

larly decomposed, a portion ^^chiorine 36 -f Calcium 20 

of protoxide qf mercury is j A 

the result, as in the annexed 1 1 I 

diagram, and the mixture pLTochlo- J 1 tiSnunf 

which is known in pharmacy MiScu»v Limk =28 

under the name of black =236 

lotion, is obtained. 
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= 216 
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^Mercury 200 + Oxygon 8 


Perchloride of mercury 
consists of 


1 proportional of P^oxtde 4/ •AfercEry 


Mercury 

Chlorine 


HiTDRAiioo-PERCHLoitiDEs. It has long been known that muriate of 
ammonia considerably increases the solubility of corrosive sublimate, one 
part rendering five parts soluble in rather less than five of water. This 
solution yiel^ on evaporation the sal alemhroth of the old chemists. 
Analogous combinations may also he obtained with other chlorides; thus, 
a solution composed of 7 parts of chloride of sodium and 20 of water dis- 
solves 32 parts of corrosive sublimate, and deposits rhomboidal crystals, 
(f . Davy, PhiL Trans,,, 1822, p. 364). In these compounds, the electro- 
positive chlorides, those of the alkaline bases, &c., act the part of base to 
the corrosive sublimate, and a class of salts which have been termed Ay- 
drargo-perchlorides is the result. These compounds have been examined 
in detail by Bonsdorff. (Ann, de Chim, ei Phys., xliv.) They generally 
contain 2 atoms of corrosive sublimate to 1 of the basic chloride. Some 
of them, such as those of calcium, lithium, magnesium, and zinc, are 
deliquescent; those of iron and of manganese are isomorphous, and 
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crystallize in the form of rhombic prisms. Mr. Donovan has shown that 
a solution of corrosive sublimate dissolves and combines with peroxide of 
mercury, forming a compound very sparingly soluble in water, and which 
separates from it in granular brown crystals. 

There is a compound in which perchloride of mercury appears to act 
the, part of acid, to a base composed of ammonia and peroxide of mer- 
cury. This combination is thrown.down in the form of a white powder, 
when ammonia is poured into a solution of corrosive sublimate ; or when 
a mixed solution of corrosive sublimate and muriate of ammonia is decom- 
posed by solution of potassa. It is the rvhiie precipitate qf mercury of 
Pharmacy, and contains, according to Ilennel, elements equivalent to 1 
atom of peroxide of mercury, and 1 of muriate of ammonia, {(duar, Jour,^ 
xviii., 2970 Fi'om the elaborate examination of some of these com- 
pounds by Professor Kane, of Dublin, {Trans, Royal Irish Academy^ 
xvii.,) it would appear most probable that white precipitate is con- 
stituted of 


Bichloride of mercury . 

. 2 

544 

68.5 

Ammonia 

. 2 

:u 

4.2 

Peroxide of mercury 

. 1 

216 

27.3 


1 

794 

100.0 


According to Mr. Kane, the gray compound obtained by the action of 
ammonia on calomel, is analogous to the above, the mercury being in 
protocombination: it appears to consist of 1 atom of protochloride of 
mercury, 1 atom of ammonia, and 1 atom of protoxide of mercury. 

Chlorate of Mercury. Chloric acid dissolves both the oxides of 
mercury; the protochlorate has the appearance of a yellowish granular 
powder, sparingly soluble in hot water, and of a mercurial taste. The 
perchlorate forms white acicular crystals, having the acrid flavour of the 
perchloride, and soluble in 4 parts of water at 60°. (Vauquelin, Ann, de 
Chim,, xcv.) 

Mercury and Iodine; Protiodide of Mercury, {hg+i) This 
compound is ^most readily obtained by adding a solution of iodide of 
potassium to one of protonitrate of mercury; it falls in the form of a 
dirty yellow powder. When rapidly heated in a glass tube, it fuses, and 
sublimes unaltered. When gently heated, or when long exposed to light. 


it is resolved into mercury 

and periodide. 

It consists of 

Mercury . • 

. . 1 

200 . . 

61.5 

Iodine ... 

. . 1 

12d . . 

38.5 


T 

325 

100.0 


Periodide of Mercury {hg-\- it) is of a bright scarlet, and is pre- 
cipitated by the addition of a solution of iodide of potassium to one Qf 
corrosive sublimate or of pemitrate of mercury; it 'is easily fusible, and 
assumes a yellow colour: it sublimes in rhomboidal scales, at first yellow, 
but becoming red on cooling. Acids and alcohol dissolve it by the aid of 
heat, and as the solutions cool it separates in more or less perfect crystals ; 
it dissolves also in solutions of the mercurial salts and of iodide of potas- 
sium. It is precipitated by sulphuric acid from its solution in caustic 
potassa. It consists of 
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Mercury ... 1 . . 200 . . 44.6 

Iodine .... 2 . . 260 . . 65.5 

1 460 100.0 

The periodide, like the perchloride of mercury, forms salts with the 
iodides of the electropositive bases, which may be termed hydrargo-wdides. 
These compounds of potassium, sodium, iron, and zinc, have been exa- 
mined by j^nsdorff. (Ann. de Chim. et Pkys.^ xliv.) 

loDATE OP Mercury. lodate of potassa occasions a white insoluble 
precipitate in protonitrate of mercuiy, but not in the pemitrate; hence 
the periodate appears to be a soluble salt. 

Bromides op Mercury. Bromide of potassium occasions a white 
curdy precipitate in the protonitrate of mercury, which is a protohromide 
of mercury : the perhramtde may be obtained by digesting the protobro- 
mide with bromine, or by the action of bromine oni peroxide of mercury ; 
it is a white ciystallizable compound, fusible, volatile, and soluble in 
water and in alcohol. It forms double salts (hydrargo^brmnides) with the 
bi-omides of the alkaline bases. 

The Bromaies of Mercury have not been examined. 

Fluorides of Mercury. Hydrofluoric acid occasions no precipitate in 
the protonitrate of mercury, and when the mixture is evaporated, the acid 
escapes, and leaves the mercurial salt unchanged. When hydrofluoric 
acid is poured upon peroxide of mercury, it acquires an orange-colour, 
and is dissolved upon the addition of water. The solution furnishes 
yellow prismatic crystals, which, by the action of hot water, are resolved 
into a soluble and insoluble compound. 

Mercury and Nitric Acid. Nitric acid is rapidly decomposed by 
mercury; nitrous acid, and nitric oxide gases are evolved, and either a 
protonitrate or a pemitrate of mercury are obtained, according to the 
mode in which the solution is performed. 

Protonitrate of Mercury (Ag'-fO +71') is best obtained by dissolv- 
ing the metal in a cold and dilute acid, consisting of one part of acid and 
three of water; the metal should be added in small successive portions 
until the acid ceases to act upon it, and care should be taken to keep the 
whole cold. This solution deposits transparent crystals, whicli appear to 
be modified octoedra, and which consist of the protoxide of mercury 
combined with nitric acid. They are soluble without decomposition in 
cold water, and the solution affords black precipitates, upon the addition 
of excess of the alkalis. Small quantities of the caustic alkalis dropped 
into this solution, occasion yellowish and gray precipitates, which appear 
to be mixtures of the oxide and subnitrate. The crystallized protonitrate 
contains, according to Mitscherlich, 2 atoms of water. The theoretic 
composition of the anhydrous protonitrate is 

Protoxide of mercury . 1 208 . . 79.6 

* Nitric acid 1 . . .64 . . 20.6 

1 202 100.0 

As a test, a solution of protonitrate of mercury is useful in the follow- 
ing cases ; with sulphurett^ hydre^en it yields a hhick precipitate, with 
hydriodic salts greenish-yellom^ with muriatic acid aUd salts white^ with 
ammonia blacky with fixed alkalis gfay^ with chromic acid red^ with arse- 
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nious acid white or straW’^oUmr: it discolours an extremely dilute solu- 
tion of gold, rendering it dark-hrawn^ and of platinum yellowishhrown^ 
or if very dilute, yellow. It throws down white flakes from albuminous 
solutions. * 

JPernitrate op Mercury. When mercury is dissolved in hot and 
concentrated nitric acid, nitric oxide is evolved, the metal becomes perox- 
idized, and furnishes prismatic crystals of the pemitrate. They are solu- 
ble, without decomposition, in cold water, and their solution Amishes a 
yellow precipitate of hydrated peroxide of mercury, upon the addition of 
potassa or soda ; ammonia forms a white precipitate, which is a trifle 
nitrate of mercury and ammonia. The theoretic composition of the neu- 


tral pemitrate of mercury is 



Perpxide of Mercury . 1 

216 

66.5 

Nitric acid 2 

108 

.3.3.5 


324 

100.0 


But according to Thomson, the above crystals consist of one proportional 
of the peroxide, and one of nitric acid (Ag*+ sO + Tl'); Mitscherlieh 
also states that the true neutral salt cannot exist in a solid form. 

Wl^n the precautions in forming the nitrates above described are not 
attended to, the solution usually contains a mixture of the two nitrates, 
and furnishes a precipitate with the alkalis, composed of both oxides. 
The pemitrate is most certainly formed by dissolving the red oxide in 
nitric acid. 

The pemitrate of mercury acts as a test, like corrosive sublimate, 
but it precipitates tincture of galls, of an orange-colour, which is not 
the case with sublimate. 

SuiiNiTiiATEs OF Mercury. When hot water is poured ujgpn perni^ 
Irate mercury^ a yellow insoluble powder separates from it, which is a 
suhpernitrate^ the nitrous turpeth of old writers; and a superpernitrate 
remains in solution. It seems probable that the protonitrate is also capa- 
ble of affording a sub and a super salt, but these compounds have hitherto 
been but imperfectly investigated, and new researches are wanting to 
establish their nature and composition. Grouvelle {^Ann. de Chim. et 
Phys. xix.) found the yellow suhpernitrate to consist of 


Peroxide of mercury 

. 2 . 

. 432 

89 

Nitric acid . . . . . 

. 1 . 

54 

H 


1 

486 

100 

Nitrico-oxide op Mercury. 

When 

the nitrates of mercury are 


exposed to heat gradually raised to dull redness, nitric acid is given off ; 
and a red substance remains, consisting of peroxide of mercury with a 
small portion of adhering nitrate. Ikis is used in pharmacy as an 
escharotic, and is called in the London Pharmacopoeia^ hydrargyri 
nitrico-oxidum. It is difficult in this process so to apply the hea^ as to 
expel the acid, without at the same time evolving oxygen from the 
remaining oxide and evaporating part of the mercury. 7\'e find, there- 
fore, nitric acid generally remaining in the compound. The nitmte 
requires to be constantly stirred during the process, which is usually 
performed in a cast-iron pot; the operator wiU find it advantageous to 
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prepare ihe solution and parity to evaporate it in a retort with an annexed 
receiver containing a little water, by which, if any quantity of materiaFs is 
employed, he will save a part of the acid. The product, when well pre- 
*pa]^ is of a brilliant red-colour, with a shade of orange; when not in 
very fine powder it has a glistening scaly appearance; at a red-heat it is 
decomposed and entirely ^ssipated, provided it be not adulterated, as it 
sometimes is, with red-lead: it has an acrid taste, is very sparingly soluble 
in water, and readily soluble without effervescence in nitric acid. The 
proportion of subpemitrate of mercury remaining in this preparation is 
variable ; but some is always to be detected, for, when decomposed by 
heat, the evolved oxygen is found to be mixed *with a portion of nitrogen: 
it therefore should never be used in medicine as a substitute for pure 
peroxide of mercury. When washed with and triturated in a dilute 
solution of potassa, edulcorated with distilled water, and carefully dried, 
it may be regarded as nearly pure peroxide of mercury. In this state it 
is called arcanum corallinum in some of the older Pharmacopoeise. 

Mercury AND Sulphur ; Protosulphuret op Mercury. { h ^+ S .) 
When one part of mercury is triturated for some time with three of 
sulphur, a black tasteless compound is obtained, which was called in old 
pharmacy Etkiops Mineral; it is the hydrargyri stdphuretum nigrum of 
the Pharmacopoeia, and is often regarded as a definite sulphuret, but when 
boiled in solution of potassa, sulphur is taken up, and bisulphuret of 
mercury remains ; so that it is probably a mixture of sulphur and of the 
bisulphuret. According to Taddei, an Ethiops mineral may be quickly 
formed by the following process. (Oior. di Fisica^ iv., 12.) Put one 
part of sulphuret of potassa with three of mercury into a mortar, and 
triturate with a little water, until the whole forms a homogeneous black 
paste ; th^n add flowers of sulphur equal in weight to the mercury, and 
mix the whole : wash >vith repeated affusions of water, till the alkaline 
sulphuret is removed, and carefully diy the remaining Ethiops. 

When sulphuretted hydrogen is passed through a dilute solution of 
protonitrate of mercury, or through a mixture of very finely divided 
calomel and water, a black powder is thrown down, which is a true 
protosulphuret. When it is boiled with nitric acid, it is converted into 
a sulphate of mercury : heated to redness, metallic mercury escapes, and 
bisulphuret sublimes. It consists, according to Guibourt (Ann. de Chim. 
el Phys.j i,), of 100 mercury + 8.2 sulphur, numbers which correspond to 


Mercury I . . 200 . 92.5 

Sulphur 1 . . 16 . 7.5 


1 216 100.0 

Bisulphuret op Mercury; Yebmilion; Cinnabar. ( hg +^ S .) 
In the manufacture of cinnabar, eight parts of mercury are mixed in an 
iron pot with one of sulphur, and made to combine by a moderate heat, 
and dihistant stirring: this compound is then transferred to a glass 
subliming-vessel (on a small scale, a Florence flask answers perfectly,) 
and heated to redness in a sand-bath ; a quantity of mercury and of 
sulphur evaporate, and a sublimate forms, which is removed, and rubbed 
or levigated into a very fine powder. . If mercury and sulphur be heated 
together in large quantities, the action is so intense at the moment of 
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their combination as to occasion a slight explosion and flame ; sulphu- 
retted hydrogen is also eyolved. 

Cinnabar is not altered* by exposure to air or moisture ; when heated 
to dull redness in an open vessel, the sulphur forms sulphurous acid, and 
the mercury escapes in vapour. It is decomposed by distillation with 
fixed alkalis, lime, and baryta, and by several of the metals. When 
adulterated with red-lead it is not entirely volatile. It is insoluble in 
nitric and muriatic acids, but nitromuriatic acid acts upon, and decom- 
poses it even in the cold. Boiled in sulphuric acid, sulphurous acid is 
evolved, and a sulphate of mercury formed. 

Cinnabar may be made in the humid way, by long trituration of 
mercury and sulphur in solution of potassa. (Nicholson's Journal^ 4to., 
ii.) When a solution of corrosive sublimate is added to excess of 
hydrosulphuret of ammonia, a black precipitate falls, which acquires the 
colour of cinnabar when sublimed. This sulphuret consists of 

Seflstrom. Guibourt. Sequin. Proust. 

Mercury . 1 . . 200 . . 86.2 . . 86.29 . . 86.21 . . 85.6 . . 85 

Sulphur. . 2 .. 32 . . 13.8 .. 13.71 .. 13.79 .. 14.5 .. 15 

1 232 100.0 100.00 100.00 100.0 m 

Native Cinnabar is the principal ore of mercury : it occurs massive 

and crystallized in six-sided prisms, rhombs, and octoedra. It is of 
various colours, sometimes appearing steel-gray, at others bright-red. It 
occurs in Hungary, France, and Spain, in Europe ; in Siberia, and Japan, 
in Asia ; and in considerable quantities in South America. The mines 
of Almaden, and of New Spain, are the most productive, and furnish 
fine cabinet specimens. Native mercury, and native amalgam of silver 
sometimes accompany it. 

Hyposulphites of Mercury. When a solution of a hyposulphite 
is poured into a very dilute solution of protonitrate of mercury it 
occasions a black precipitate, which, however, is probably not a true 
hyposulphite. The nature of these compounds has not been satisfactorily 
ascertained. 

Sulphites of Mercury and Hyposulphates of Mercury have not 
been examined. 

Mercury AND Sulphuric Acid; Sulphates of Mercury; Proto- 
sulphate OF Mercury. (Ag'+O-f S'.) When one part of mercury is 
digested in a moderate heat with one and a half of sulphuric acid, 
sulphurous acid gas is evolved, and a white deliquescent mass is obtained, 
which, washed with cold water, afibrds a very difficultly soluble white 
salt, which is a protosulphate qf mercury. The same salt is thrown 
down, when sulphuric acid or sulphate of soda is added to a solution of 
protonitrate of mercury. It requires 500 parts of cold and 300 of 
boiling water for its solution, and crystallizes in prisms. According to 
Fourcroy, it is soluble in dilute sulphuric acid, and thus forms a ciystal- 
lizable supersulphate. Its solution in boiling water is decomposed hj 
the fixed alkalis, which first throw down a subsalt, and vdien added in 
excess separate the black protoxide. This sedt, when anhydrous, consista of 

Protoxide of mercury .1 • • 208 • . 83.8 

Sulphuric acid . . . . 1 " . . 40 . . 16.2 


1 


248 


100.0 
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Persulfuatb of Mebcort. {h^+ SO + « Sf). If five parts of huU 
phuriie acid be boiled to dryness with four of mercury, a white crystalline 
inass of persulphate of mercury is obtained. 

This salt cannot exist in solution in the neutral state, for water 
resolves it into a soluble supersalt and an insoluble suhsalL The soluble 
portion may be obtained by evaporation in the form of deliquescent 
acicular crystals. The subsalt, when triturated with boiling water, 
acquires a yellow colour, and was formerly called turpeth mineral^ from 
a similarity in its medical effects to the roots of the convolvulus tur^ 
pethum: it is dangerously cathartic and emetic. It is not absolutely 
insoluble in water, but requires 2000 parts of cold and 300 boiling water 
for the purpose. The anhydrous persulphate of mercury consists of 

Peroxide of mercury . . 1 . . 216 . . 73 

Sulphuric acid 2 . . 80 . . 27 

1 296 100. 

Ammonio-persulpiiate op Mercury is obtained in the form of a 
white and very difficultly soluble powder, by adding excess of ammonia 
to the persulphate. The fixed alkalis throw down from the persulphate 
a yellow precipitate of hydrated peroxide of mercury. 

Phosphuret of Mercury may be formed by heating phosphorus 
with oxide of mercury, or with the protosulphuret ; or by passing the 
vapour of phosphorus over calomel; or phosphuretted hydrogen through 
a solution of protonitrate of mercury. It varies in appearance according 
to the method of its production : its colour is brown or black. 

Neither the Hypophosphite nor Puosphite op Mercury have been 
examined. 

Phosphates of Mercury. When phosphate of soda is dropped into 
protonitrate of mercury, a white crystalline precipitate falls, which is 
protophosphate of mercury. It is insoluble in water and in excess of 
phosphoric acid, and when intensely heated is decomposed, and leaves 
phosphdtic acid. Perphosphate of mercury is thrown down from the 
pemitraie by the addition of phosphate of soda : it resembles the proto- 
phosphate in appearance, but it dissolves in excess of phosphoric acid. 

Seleniuret of Mercury is a tin-coloured substance, which sublimes 
in shining scales at a temperature below its point of fusion. 

Biseleniuret of Mercury is obtained as a gray crystalline mass, by 
fusing the seleniuret with selenium. 

Carbonates of Mercury, ^Vlien solution of carbonate of potassa 
is dropped into protonitrate of mercury, a yellow protocarbonate of 
mercury is thrown down. The percarhonate of mercury is of a reddish 
colour. 

Mercury and Cyanogen; Bicyanurbt of Mercury, {hg + s 
By digesting finely-powdered peroxide of mercury in hydrocyanic acid 
and water, or by boiling one part of finely-powdered oxide with two of 
pure Prussian blue, in eight parts of water, a solution is obtained, which, 
if filtered while hot, deposits, on cooling, yellowish-white crystals in the 
form of quadrangular prisms, of a metcdlic taste and very poisonous. 
They are much more soluble in hot than in cold water, and very sparingly 
soluble in alcohol. When oxide of mercury is brought into the contact 
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of the vapour of hydrocyanic acid they act intensely upon each other, and 
water and cyanuret of mercury are immediately formed. The attraction 
of mercury for cyanogen is so strong, that peroxide of mercury decomposes 
nearly all the metallic cyanurets, not excepting that of potassium. The 
saks of palladium, however, decompose the cyanuret of mercury. 

Cyanuret of mercury is decomposed by heat, as in the process for 
obtaining cyanogen (p. 499); and if distilled with muriatic acid, hydro- 
cyanic acid and chloride of mercury arc formed. It also is decomposed 
by hydriodic acid and by sulphuretted hydrogen, an iodide and a sul- 
phuret of mercury, and hydrocyanic acid, being formed. Nitric acid 
dissqlves it without decomposition. It is decomposed when heated with 
sulphuric acid. The alkalis do not act upon this cyanuret. 

Cyjinuret of mercury is also formed by boiling peroxide of mercury 
in solution of ferrocyanuret of potassium. When cyanuret of mercury is 
boiled in water with peroxide of mercury, a compound which forms small 
granular crystals, consisting of cyanuret and oxide of mercury, is obtained; 
hence, in making the cyanuret by the above process, excess of mercurial 
oxide should be avoided. 

Cyanuret of mercury consists of 

Gay Lusaac. Parrett. 

Mercury 1 . . 200 . . 79.25 . . 79.91 . . 79.08 

Cyanogen 2 . . 52 . . 20.75 . . 20.09 

I . 252 100.00 100.00 

When cyanuret of mercury and iodide of potassium are mixed 
together in solution, pearly crystals are thrown down, which, when 
redissolved and crystallized, form large thin and brilliant plates, requiring 
16 parts of water at 60® for their solution. When strongly heated they 
arc decomposed, leaving a residue of iodide of potassium blackened with 
charcoal. (Ann, de Chim, el Phys,^ xix., 220.) 

Fulminating Mercury ; Fulminate op Mercury. This compound 
was discovered by Mr. Howard. (Phil, Trans.^ 1800, p. 214.) is pre- 
pared by dissolving 100 grains of mercury in a measured ounce and a 
half of nitric aci3, aided by heat. This solution is to be poured, when 
cool, into two measured ounces of alcohol in a glass basin, and gently 
warmed: it soon begins to effervesce and evolve ethereal vapour, and if 
the action is too violent, it must l>e quelled by cooling the vessel, or by 
the Jiddition of a little cold alcohol. During this action a yellow-gray 
precipitate falls, which is to be immediately separated by decantation and . 
filtration, washed with small quantities of distilled water, and carefully . 
dried at a heat not exceeding 212®. The above quantity of mercury 
yields about 120 grains of the powder when the operation has been 
most successful. 

This compound, when heated to about 300®, explodes with a bright 
flame : it also detonates by friction, by the electric spark, and by contact 
of concentrated • sulphuric and nitric acids: the gases evolved by its 
explosion are carbonic acid, nitrogen, and a little ammonia. Liebig and 
Gay Lussac have furnished some curious facts towards the history of this 
compound (Ann, de Chim, et Phys., xxiv. and xxv.), diowing that, like 
the correBf oniing fulminating silver (see Silver), it consists of 
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Protoxide of mercury ... 1 . . 208 . . 86 


Cyanogen 1 . . 26 . . 10.7 

Oxygen 1 . . 8 . . 3.3 


1 242 100.0 

Fulminic Acid. According to Mr. E. Davy {Trans. Bub. R. S.^ 
1829), the peculiar modification, if so it may be termed, of cyanic acid, 
which constitutes a component of the above and analogous fulminating 
compounds, may he separated as follows. Put one part of fulminating 
mercury into a bottle with a ground stopper, together with two parts of 
clean zinc-filings, and about 20 parts of water: occasionally shake the 
mixture, and keep it at the temperature of about 80°, by which mercury 
will be separated, and 2 i, fulminate of zinc formed, the solution of which is 
to be filtered off and mixed with baryta-water (not in excess) ; this throws 
down oxide of zinc, and leaves fulminate of baryta in solution, which is 
to be decomposed by the careful addition of dilute sulphuric acid, and 
filtered: the filtered liquor is now a solution of fulminic acid: it is colour- 
less, sweetish and astringent, of a pungent %drocyanic odour, volatile, 
poisonous, and acid to tests: it throws doyin fulminating mercury and 
fulminating silver^ from the protonitrate of mercury and the nitrate of 
silver. This acid, according to Mr. Davy, is not identical with the cyanic 
acid, but contains hydrogen, and is constituted of ( 2 CRT + 71 -fA + O.) 

SuLPHocYANURET OP Mercury. When sulphocyanurct of potassium 
is mixed with protonitrate of mercury, a white precipitate falls. See 
Wohler (Gilb. Annalen^ Ixix.), and Berzelius {Lehrbuch\ in reference to 
these compounds. 

Borates of Mercury. When solution of protonitrate of mercury 
and of borate of soda are mixed and evaporated, small shining crystals of 
protoborate of mercury are obtained. Boracic acid occasions no precipi- 
tates in solution of pemitratc of mercury. The Perborate of Mercury 
has not been examined. 

Arseniates of Mercury. Arsenic acid occasions a pale-yellow pre- 
cipitate %i solution of protonitratc of mercury, and a yellowish-white 
precipitate in solution of the pemitrate. Arsenious aci^d produces white 
precipitates in both solutions. These precipitates are soluble in muriatic 
acid. 

Molybdic Acid occasions a yellow precipitate in solution of proto- 
nitrate of mercury, easily soluble in nitric acid. 

Chromate of Mercury. Chromate of potassa throws down an 
orange-coloured precipitate from the solutions of nitrate and pernitrate of 
mercury. 

Alloys of Mercury. Mercury combines with most of the other 
metals, and forms a class of compounds which have been called amalgams. 
Many of these are definite and crystallizable compounds, and may be 
separated by gentle pressure, from the mercury in which the definite 
compound is suspended or dissolved. They are generally brittle or soft. 
One part of potassium with 70 of mercury produce a hard brittle com- 
pound. If mercury be added to the liquid alloy of potassium and sodium^ 
an instant solidification ensues, and heat enough to inflame the latter 
metals is evolved. The use of an amalgam of zinc has already been 
adverted to for the excitation of electricid machines ; and also of the 
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amalgam of tin for silvering looking-glasses*. The amalgams of gold and 
silver ore employed in gilding and plating. An amalgam of two parts of 
mercury^ one of bismuth^ and one of lead^ is fluid, and when kept for 
some time deposits cubic crystals of bismuth. Amalgam qf copper may 
be made as follows: To a hot solution of sulphate of copper, add a little 
muriatic acid and a few sticks of zinc, and boil the mixture for about a 
minute: by this means the copper will be precipitated in a metallic state, 
and in a finely-divided spongy form: take out the zinc, pour off the 
liquor, wash the copper with hot water, and pour upon it a little dilute 
nitrate of mercury, which will instantly cover every particle of copper 
with a coating of mercuiy: then add mercury to the amount of two or 
three times the weight of the copper, and a shght trituration will combine 
them so far that the completion of the process may be effected by heating 
the mixture for a few minutes in a crucible. (Aikin's Dictionary^ Art. 
Mercury.) Antimony and tellurium combine difficultly with mercury 
into granular compounds. Amalgam of arsenic was obtained by Beigman 
by digesting one part of powdered arsenic with five of quicksilver, and 
frequently agitating the mixture. 

Amalgam of Ammonia; Metallization op Ammonia. When mer- 
cury is negatively electrized in a solution of ammonia, or when an 
amalgam of potassium and mercury is placed upon moistened muriate of 
ammonia, the metal increases in volume, and becomes of the consistency 
of butter, an appearance which has sometimes been called the metalliza-- 
tion of ammonia. The compound appears only to contain ammonia and 
mercury, though its real nature has not been satisfactorily ascertained. 
It has suggested some hypotheses concerning the nature of ammonia and 
the metals, which are scarcely worth recording. Upon this subject, how- 
ever, the reader may consult Gay Lussac and Thenard {Recherches 
Physico-Chimiquesj vol. i.), who, finding the amalgam resolvable into 
mercury, ammonia, and hydrogen, regard it merely as . a compound of 
those substances; and Berzelius (Lehrbuch, i.), who considers the appear- 
ances as resulting from the combination of a metal, which he terns 
ammonium^ with the mercury. 


* This beautiful process is performed 
as follows: A single and perfect sheet of 
tinfoil, of proper thickness, and somewhat 
larger than the plate of glass, is spread 
upon a perfectly plane table of slate or 
stone; mercury is then poured upon it, 
and rubbed upon its surface by a hare’s 
foot, or a ball of flannel or cotton, so as 
to form a clean and bright amalgam; 
upon this, excess of mercury is poured, 
till the metal has a tendency to run off: 
the plate of glass, previously made per- 
fectly clean, is then brought horizontally 
towards the table, and its edge so ad- 
justed, as, by gradually and steadily 
slidmg it forward, to displace some of 
the excess of mercury, and float the plate 
as it were over the amalgam, the dross 
upon its surface being push^ onwards 
by the edge of the gla^ so that the mer- 


cury appears beneath it with a perfectly 
uniform, clean, and brilliant reflecting 
surface: a number of square weights, of 
10 or 12 lbs; each, are now placed side 
by side upon the surface of the plate, so 
as entirely to cover it, and press it down 
upon the amalgamated surface of the 
tin; in this way the excess of mercuiy 
is partly squeezed out, and the amalgam 
is made to adhere finnly to the glass. 
The mercury, as it runs off, is received 
into a channd on the side of the table, 
which is slightly inclined to facilitate 
the drainage, and in about 48 hours the 
weights are taken off and the plate is 
carefully lifted finm (he talde and set 
nearly upright, by which the adhering 
merc^ g^ually drains off, and the 
solid crystalline amalgam remains per- 
feotlyanduniformly a&enngto the glass. 
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Characters of the Salts of Mercury. The soluble salts of the 
protoxide are mostly white, of a metallic taste, and not virulently 
active as poisons, ^me of them, when neutral, are resolved bj^water 
into basic and acid salts. Phosphorous and sulphurous acids, and proto- 
chloride of tin, precipitate metallic mercury: the caustic alkalis throw 
down a black powder; the carbonated alkalis, yellow or brown; the 
phosphates white, even in very dilute solutions; sulphure](ted hydrogen 
and the hydrosulphurets, black ; hydriodic acid and the iodides 
yellow; muriatic acid and the chlorides, white and curdy; the alkaline 
chromates, scarlet; fcrrocyanuret of potassium, white; the oxalates white, 
even when very dilutei^ tincture of galls, brownish-yellow. The soluble 
salts of the peroxide of mS^iry are mostly’ white when neutral, yellow 
when basic; they are poisonous, and nauseously ij^etallic tb the taste, and 
are often resolved by water into acid and basic salts. Copper throws 
down from them metallic mercury, and ammonia and carbonate of am- 
monia produce white precipitates; iodide of potassium a scarlet-red; and 
infusion of galls an orange precipitate. Unless in concentrated solution ^ 
they are not affected by muriatic or Qxalic acids. The presence of organic 
substances interferes considerably with the appearances produced by some 
of the above tests ; hence, in cases of pq^isoning by corrosive sublimate, 
peculiar precautions are sometimes required, and in all cases the precipi- 
tate should be collected and heated in a tube, if necessary, with a little 
white flux, or some such reducing agent, so as to separate metallic mer- 
cury, the microscopic globules of which are easily sublimed and discerned. 
(See Christison on Poisons^ and Rose's Analytical Chemistry^ The inso- 
luble mercurial salts are mostly volatilized at a red-heat, and they are all 
decomposed, with the production of metallic mercury, when mixed with a 
little carbonaceous matter, and heated in a glass tube. 

§ XXX. SILVER. 

Tins metal, the huna or Diana of the alchemists ( }) ), was khown at a 
very remote period; it is mentioned in file book of Job: it is found native^ 
and in a variety of combinations; the most common of which is the 
sndphuretl ' 

Native Silver has the general characters of the pure metalf It occurs 
in masses; arborescent; capillary; and, sometimes, crystallized in cubes 
and octoedra. It is seldom pure, but contains small portions of other 
metals, whioh affect its colour and ductility. It is chiefly /ound in primi- 
tive countries. In Peru and Mexico are the richest known mines of 
native silver. The mines of Saxony, Bohemia, and Swabia, and those of 
Kongsberg in Norway, are the richest in Europe. It has been found in 
Cornwall and Devonshire. t * 

Pure Silver may be procured by dissolving the standard silver of com- 
merce in pure nitric acid, diluted with, an equal measure of water. Im- 
merse a plate of clean copper into the solution, which sqpn occasions a 
precipitate of ipetallic silver; collect it upon a filter; wash it with 
solution of ammonia, and then with water, and fuse it into a button. 

It may also be procured by adding to the above solution of standard 
silver, a solution of common salt ; collect, wash, and dry the precipitate, 



SILVER. 


801 

and gradually add it to^iwice Its weiglit of fused carbonate of potassa in a 
red-hot^erucible. Metallic silver is separated, and may be fused into a 
button. 

Silver has a pure white colour, and considerable brilliancy. Its specific 
gravity is 10.5. It is so malleable and ductile, that it may be extended 
into leaves not exceeding a ten-thousandth of an inch in thickness, and 
drawn into ii|ire finer than a human hair. Silver melts at a bright red- 
heaPfc, estimated by Mr. Daniell at 1873® of Fahrenheit’s scale, and when 
in fusion appears extremely brilliant. It resists the action of air at high 
temperatures for a long time, and does not oxidize; the tarnish of silver 
is occasioned by sulphureous vapours; it te^ s place very slowly upon the 
pure metal, but more rapidly upon the allly with copper used for plate, 
and was fouiid by Prc^t to consist of suifihuret of silver. Pure water 
has no effect upon the metal; but if the water contain vegetable or animal 
matter, it often slightly blackcffis its surface in consequence of the pre- 
sence of sulphur. If an electric explosion be passed through fine silver- 
wire, it bums into black powder,^ which is an oxide of silver. In the 
Voltaic circle it bums with a fine" green light, and throws off abundant 
fumes of oxide. Exposed to an intense white-heat, it boils and evapo- 
i^tes. If suddenly cooled, it crystallizes during congelation, often shoot- 
ing out like a cauliflower, and throwing small particles of the metal out 
^.of the cmcible. This arises, according to Lucas, from the sudden escape 
of oxygen, which the metal absorbs and retains whilst fluid, but suddenly 
gives it off when it ^solidifies: this property of absorbing oxygen is pre- 
vented bylhe presence of a quantity of copper, not exceeding 6 per cenL 

The analyses of the compounds of silver furnish data from which its 
equivalent may be estimated at 108, (108 Omelin and Turner; 110 
Thomson.) In the table at page 317) I have placed its equivalent at 110, 
a number which, it will be seen, closely agrees with many of the best 
analyses ; but the experiments of Berzelius, Turner, and Pldllips, indicate 
a somewhat lower equivalent, and, in conformity with their results, 1 have 
adopted "the number 108. 

Reduction of Silver Ores. • Silver is not unfrequently obtained in 
considerable quantities from argentiferous sulphuret of lead^ which is 
reduced m the usual way, and the argentiferous lead is then fused in a 
shallow <Ssh, placed in a reverberatory furnace, with a current of air 
constantly passing over its surface; in this way the lead is converted into 
litharge^ and the silver, not being thus oxidized, is left in the metallic 
state; *it is fused in a porous crucible, called a cupel or iest^ by which the 
remaining lead is entirely separated, and a button of pure silver remains. 
The litharge which results from this operation is afterwards itself reduced 
b^ charcoid, and furnishes lead which is perfectly free from silver, the 
ordinary lead of commerce ’'generally containing a trace of the latter* 
metal. Some of the silver ores, especially the sulphuretSy are reduced 
by amalgamation. .The ore, when washed and ground, is mixed 
with a portion of common i^t and roasted: during this operation 
sulphate of soda and chloride of rilver are formed: the product is 
then powdered, and agitated with mercury, water, and filings or firag- 
ments of iron; in i;his operation the chloride of silver is decompose^ 
chloride of iron is formed which is washed away, and the silver andlne1^ 

3 F 
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cury combine into an amalgam, from which the excess of mercury is first 
squeezed out in leather bags, and the remainder driven off by distillation. 
The old process of eliquation is now scarcely used: it consisted in fusing 
alloys of copper and silver with lead; this triple alloy was cast into round 
masses, which were set in a proper furnace upon an inclined plane of iron 
with a small channel grooved out, and hbated red-hot, during which the 
lead melted out, and, in consequence of its attraction for silver, carried 
that metal with it, the copper being left behind in a reddish-black spongy 
mass. (Aikin’s Dictionary^ Art. Silver.) 

Oxide op Silver (fl^+0) may be obtained by adding baryta-water, 
or dilute solution of potassa, to the solution of nitrate of silver, and wash- 
ing the precipitate. It is of a dark olive-colour, tasteless, insoluble in 
water, and, when gently heated, is reduced to the metallic state. Long 
exposure to light also reduces it, converting it into a black powder, which 
is either silver or its suboxide. It coitfers a yellow colour upon glass, 
and is employed in enamel and porcelain painting. Its specific gravity is 
7.14 (Ilerapath). It consists of 

6 ly Lassiic 

Berreliuf. Davy. and Thetiard. 

Silver 1 . . 108 . . 93.103 . . 93.112 . . 93.1 . . 92.937 

Oxygen 1 . . 8 . . 0.897 . . 6.888 . . 0.9 . . 7.063 

1 116 100.000 100.000 100.0 100.000 

This is apparently the only saJifiahle oxide of silver; but Mr. Faraday 
has rendered it probable that there is another combination of silver and 
oxygen, containing a smaller proportion of oxygen than the above, which 
may be called a suboxide. He obtained it in the form of a black film, by 
exposing an ammoniacal solution of oxide of silver to the air {Qluar, Jour.^ 
V., 368). Ritter, by electrizing a weak solution of silver, observed the 
deposition of acicular crystals at the positive pole, which, according to 
Grotthuss, dissolve in nitric acid, without decomposition, and are a per- 
oxide of silver. Ammonia energetically decomposes this compound, and 
sulphuric and phosphoric acids convert it into the protoxide. 

Ammoniuret of Silver; Aroeetate of Ammonia. Oxide of silver 
readily dissolves in ammonia, and by particular management, a fulminat- 
ing silver,^ composed of the oxide combined with ammonia, may be 
obtained. It was discovered by Bertliollet. {^Ann, de Chim,^ i.) The 
best process for obtaining it is to pour a small quantity of liquid ammonia 
upon the oxide f a portion is dissolved, and a black powder remains, 
which is the detonating compound. It explodes when gently heated ; 
nitrogen and water are instantaneously evolved, and the silver is reduced. 
The oxide of silver should be perfectly pure and thoroughly edulcorated, 
and^he ammonia quite free from carbonic acid. It should only be pre- 
pare# in small quantities, and handled wMh ^e greatest caution, many 
accidents having arisen from its careless management. It sometimes 
explodes while still ,wet. " 

Chloride of Silver. (^+C.) This compound is easily procured 
by adding a solution of chlorine, of muriatic acid, or of common salt, to a 
solution of nitrate of silver, or, indeed, to any of the soluble salts^of silver, 
with the exception of the hyposulphite. It falls in the form of a heavy 
tasteless powder, of a white colour, but which, by exposure to light. 
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becomes brown, and ultimately black. It is perfectly insoluble in water; 
so that the minutest portion of muriatic acid, or of a chloride in solution, 
may be detected by adding to the liquid a drop or two of nitrate of silver; 
it becomes opalescent and brown by exposure to light. It is very 
sparingly dissolved by concentrated muriatic acid, and thrown down upon 
d^ution. When dry chloride of silver is heated to dull-redness in a silver 
crucible it does not lose weight, but fuses, and, on cooling, concretes into 
a gray semitransparent substance, (sp. gr. 5.45,) which has been called 
horn silver^ or luna cornea. If slowly cooled, Proust has remarked that 
it has a tendency to octoMral crystallization. Heated to a bright red or 
white heat in an open vessel, it volatilizes in dense white fumes. Scheele 
was the first who examined the cause of the blackening effect of light 
upon this chloride, and the curious results of his researches have already 
been referred to (page 184). Etc found that the metal was partially 
reduced, and muriatic acid formed ; hence moisture is necessarily present. 
Seobeck found that white chloride of silver might be exposed, without 
change of colour, when covered in a stopped phial, with sulphuric acid; 
but if the phial was open, the bhickening ensued ; as it did also when 
water was added. Common hydrogen gas, and substances affording 
hydrogen, decompose moist chloride of silver: they reduce it to the 
metallic state, and the chlorine is carried off in the form of muriatic 
acid ; but in the dark, perfectly pure hydrogen does not discolour the 
chloride. 

If fused with twice its weight of potassa or soda, chloride of silver is 
decomposed, and a globule of metallic silver is obtained. This reduction 
is best effected by projecting the dry chloride upon twice its weight of 
fused carbonate of potassa, or upon the fused mixture of the carbonates 
of potassa and soda. It is also rapidly decomposed when moist, by tin and 
zinc, and by many of the other metals, especially if a little muriatic acid 
be added. Triturated with zinc-filings and moistened, the heat produced 
is so considerable as to fuse the resulting alloy of zinc and silver. (Fara- 
day, Quarterly Journal of Science and Arts^ viii., 374.) 

Chloride of silver is very soluble in ammonia, a circumstance by 
which it is usefully distinguished from some other chlorides, which, like 
it, are white, and formed by precipitation. We should be cautious in 
applying heat to the ammoniacal solution, as it sometimes forms a preci- 
pitate of fulminating silver. The ammoniacal solution furnishes crystals, 
which, when exposed to air, or put into water, lose their transparency, 
ammonia is evolved, and they crumble into chloride of silver. The fused 
chloride, exposed to ammoniacal gas, absorbs a considerable portion, 
which is given off by heat. If the dry chloride, thus saturated \^th 
ammonia, be thrown into chloi^e, the ammonia spontaneously inflames. 
(Faraday, Journal of Scien^ Arts^ vol. v., p. 75*) Chloride of suver 
is soluble in and decomposed by all the liquid hyposulphites. 

As*chloride of silver is insoluble in water, and veiy readily formed, it 
is often employed in quantitative analysis, as a means of ascertaining the 
proportion of chlorine present in various compounds. In these cases 
some excess of the precipitant should be used,"and the precipitate allowed 
i<y subside previous to separating it upon the filter: if the supernatant^' 
liquor become perfectly clear, the whole of the silver has if it 

3 p 2 
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g iPt^j^<»cieat, & 'f«it(San is ]|^bably Mtalaed. When preci- 
Ung sntpoided, its dej^^<w may he accelerated hy 
L « ’hy adding n little nitric acid. Ihe <Moride in these cases 
'U petfecfly wed in a dilWy onunble, np to' incipient fixsion. 
Cldotide of sUrer conrists of 

WMudud Muntud 

Bocholt. Bom. BenoUiu. Oa]r«I>iime. J. D»vy. Taia#r 

IShrer 1 . 108 . 75 • 7« • 75.18 . 75.83 . 75-85 . 75.5 . 75.3 

CUoiine 1 . 38 . 85 . 85 . 34 82 . 84.67 . 84.75 . 84.5 . 84.7 

T 144 100 100 100.00 100.00 100.00 100.0 100.0 

Native Chloride of Silver lias been found iii most of the silver- 
mines ; it occurs massive and crystallized in small cubes and octoedra. . 

Ohlorate of Silver (Ag+CO is formed by digesting oxide of silver 
in chloric acid: it forms small rhombic crysteds, ivhich, by the action of 
chlorine, are converted into chloride of silver. They are soluble in four 
parts of ^vater at CO®. (Clienerix, Vauquelin.) 

Iodide of Silver (jClg+t) is precipitated upon adding hydriodic 
acid, or a soluble iodide, to a solution of nitrate of silver. It is of a 
greenish-yellow colour, insoluble in water, and decomposed when heated 
with potassa. It is particularly characterized by being insoluble in am- 
monia. When fused it acquires a red-colour. It volatilizes before the 
blowpipe, leaving a Ij^ttle silver only behind. Concentiated nitne and 
sulphuric acid decompose it. It dissolves in concentrated solutions of tlie 
alkaline chlorides, and combines with iodide of potassium. It has been 
found native in Mexico, associated with galena. It consists of 

Silver .1 . . 108 . • 48 8 

Iodine 1 125 • . 58.7 

1 233 100.0 

loDATE OF Silver (Ag-|-?') is precipitated in the form of a Tvhite 
powder by adding iodic acid or iodate of potassa to a solution of nitrate 
of silver. It is very soluble in ammonia. It is decomposed by sulphu- 
rous acid, which throws down iodide of silver, and becomes sulphuric 
acid. 

Bromide op Silver is an in«<oluble yellowish substance 

thrown down upon the addition of bromine, or hydrobromic acid, or the 
soluble bromides, to nitrate of silver. It dissolves in ammonia. (Balard, 
Ann. de Chtm, et Pkys.^ xxxii. 361.) 

Bromate of Silver, not described. 

Fluoride op Silver is a soluble compound, which does not 

ciystallize. When heated it fuses; and at a higher temperature, and 
expoled to air, it is slowly reduced. (Berzelius ; Ann. de Chim. et Phys.. 
xi., 121.) 

Nitrate of Silver. (Ag+ 71'.) Nitric acid, diluted with three 
parts of water, readily dissolves silver, with the disengagement of nitric 
oxide gas. If the acid contain the least portion of muriatic, the solution 
will be turbid, and deposit a white powder; and if the silver contain 
copper, it will have a permanent blueish hue; or if gold, that metal 
will remain undissolved in the form of a black powder. 
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TfajS solution of nitiate of silver should be perfectly clear and colour*- 
less; It la caustic, and tiuges animal substances of a deep yellow, which, 
by exposure to light, becomes a deep purple, or black stain, and is indeli- 
ble, or peels off with the cuticle: iSconsists of reduced sUver. Nitrate of 
silver may be obtained in white anhydrous crystals, in the form of four 
and six-sided tables or thin plates: by slow evaporation it forms right 
rhmnbic prisms. (Brooke, Ann. of PAiY., 2nd series, vii. 162.) They 
have a bitter and metallic taste, and are soluble in about their, own weight 
of water at 60^. Alcohol also dissolves about one-fourth its weight of 
this salt, at its boiling-point, but deposits nearly the whole as it cools. 
According to Proust (Nicholson’s Journal^ xv. 376), a solution of this 
nitrate, when boiled with finely-divided silver, dissolves a portion, and 
^elds a solution containing a suboxide of silver. 

Nitrate of silver blackens when exposed to light, and when thus acted 
upon, is no longer perfectly soluble in jratei^ bifing to the separation of a 
portion of metallic silver. When heated in a silver crucible it fuses into 
a grey mass, and if cast into small cylinders, forms the lapis infernalisy or 
lunar caustic of pharmacy; the argenti nitras of the Pharmacopasia. In 
forming this preparation, care should be tak<m not to overheat the salt, 
so as to blacken it, and the moulds should be wanned. Exposed to a red- 
heat, the acid is partly evolved and partly decomposed, and metallic silver 
obtained. Sulphur, phosphorus, charcoal, hydrogen, and several of the 
metals, decompe^se this nitrate. A few grains mi^d with a littlt sulphur, 
and struck upon an anvil with a heavy hammer, produce a detonation; 
phosphorus occasions a violent explosion when about half a grain of it is 
placed upon a ciystal of the nitrate, upon an anvil, and struck sharply 
with a hammer; and if heated with charcoal it deflagrates, and the met^ 
is reduced. 

If a piece of silk dipped into a solution of nitrate of silver be 
exposed, while moist, to a current of hydrogen gas, it is first blackened, 
and afterwards becomes iridescent from the reduction of portions of the 
metal. (Mrs. Fulhame’s Essay on Combustion,) Ivory, marble, and 
several other bodies, may be stained black, or even silvered, by soaking 
them in a solution of nitrate of silver, and fully exposing them to the 
action of the sun’s rays. When the vapour of pure distilled water is 
made to pass through nitrate of silver, the solution assumes all the shades 
between yellow and dark-brown, according to its concentration and the 
time the steam has passed through it. When it has acquired the tempe- 
rature of 212°, its colour increases rapidly. Nitric acid immediately 
destroys this colour, the cause of which jp referred by Professor Piaff to 
the deoxidizing agency of the steam. {Quarterly Journal^ xvi. 162.) A 
stick of phosphorus, introduced into a solution of nitrate of silver. Boon 
becomes beautifully incrusted with the metal, which separates upon it in 
arborescent crystals. A plate of copper joccasions a brilliant precipitation 
of silver, and the copper is oxidized and dissolved by the acid. Mercury 
introduced into the solution of nitrate of silver, causes a beautiful crys- 
talline deposit of silver, called the arbor Dianas: it was first remarked by 
Lemeiy. To obtain this crystallization in its most perfect state, the 
solution should contain a little mercury, and the mercury put into it 
should be alloyed with a little silver. I^ume directs an amalgam of one 



806 ' MITEATE OF.8ILVEK. 

^ m- 

part of silver with seven of mercury, of .which a small piece is to be intro- 
duced into a solution composed of six drachms of saturated nitrate of 
silver and four drachms of a similar solution of mercury diluted witli five 
ounces of distilled water: a small flask or matrass should be used for the 
experiment, kept perfectly at rest: in a few minutes small filaments of 
silver darken the surface of the amalgam, and in about eight and forty 
hours the whole has separated in a shrub-like form. The addition of 
mercury to the solution, and of silver to the precipitating mercury, is said 
to give a degree of tenacity to the arborescent deposit of crystals, which 
prevents their falling to the bottom of the flask. 

The alkaline metallic oxides decompose nitrate of silver; it is also 
decomposed by muriatic, sulphuric, phosphoric, and boracic acids. The 
protosulphate of iron throws down metallic silver when added to a solu-, 
tion of the nitrate: protochloride of tin forms a gray precipitate consisting 
of peroxide of tin and o£dlb>of sj^ver. Ammonia, added to solution of 
nitrate of silver, occasions a precipitate, soluble in excess oi^ the alkali. 
(See Bcrthollet’s Fulminating Silver, p. 802.) 

Nitrate of silver is employed for writing upon linen under the name 
of indelible or marking ink^ which may be prepared by dissolving two 
drachms of pure nitrate of silver and one drachm of gum arabic in seven 
drachms of distilled i^ater, coloured by a little China ink. The prepara- 
tory liquid for moistening the cloth is made by dissolving two ounces of 
crystallized carbonate A f soda and two drachms of gum arabic in four 
ounces of water. Nitme of silver is an ingredient in some of the liquids 
which are sold for the purpose of changing the colour of hair. It is used in 
medicine ; and in surgery, as an excellent caustic. When taken internally, 
a very disagreeable effect frequently follows its use, which is the dis- 
coloration of the rete mucosum; so that the whole surface of the body, 
and especially the parts most exposed to light, acquire a leaden-gray or 
livid colour, which is permanent, and can neither be removed nor 
prevented. 

Solution of nitrate of silver is a valuable test of the presence of 
chlorine, muriatic acid, and the soluble chlorides, with which it forms a 
white cloud when very dilute, but a flaky precipitate when more con- 
^<centrated ; the precipitate is soluble in ammonia. Heat, agitation, or 
the addition of a few drops of nitric acid, so as to render the liquid 
sour, facilitate the deposition of the precipitate. The hydriodic, hydro- 
bromic, and hydrocyanic acids, also occasion white precipitates in solution 
of nitrate of silver, which blacken by exposure to light. Its application 
as a test for arsenic and arsenio^ acids has already been noticed. Gallic 
and ^nip acid, and the varieties of extractive matter, discolour nitrate of 
sUvel without the aid of light. A peculiar extractive matter sometimes 
occurs in rough^nitre, which also causes its solution to blacken nitrate of 
silver. Some spring and mineral waters contain a substance producing 
a similar effect. 

Nitrate of silver is an anhydrous salt, composed of 


Oxide of rilver . . . 
Nitric acid . . ^ . 

. 1 . . 

. 1 . . 

116 . 
64 

. 68.23 . . 
. 31.77 .. 

Promt. 

69.6 

30.5 


i 

170 

100.00 

100.0 
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By long digestion of powdered silrer in nitric acid already saturated 
with the metal, a salt is obtained which is regarded as a hyponitrite qf 
silver. It is more soluble than the nitrate, and difiicultly crystallizable. 
It is the same salt as that which Proust regarded as a nitrate of a 
suboxide: and it appears not improbable that it may contain a sub- 
oxide. (See p. 802.) 

SuLPHURET OP Silver. (ag*+5.) Silver readily combines with 
sulphur, and produces a gray crystallizable compound, considerably more 
fusible and much softer than silver. It may be obtained by heating 
finely-divided silver or plates of silver with sulphur. 

Sulphuretted hydrogen and hydrosulphuret of ammonia occasion a 
copious black precipitate of sulphuret of silver when added to solutions 
of the metal : sometimes a portion of the silver is apparently at the 
same time reduced to the metallic state. It' is^the presence of some form 
of sulphur, generally sulphuretted hydrogelC^ ^hich occasions the^mish 
upon silver, and which, though only superficial, is a great obstacle to 
many applications that might otherwise be made of this beautiful metal. 
Sulphuret of silver consists of 


Vauqnclin. Berzelius, Wetizel. 

Bilver . . 1 . . 108 . . 87.1 . . 87.27 . . 87.032 . . 85.8 

Sulphur . 1 . . 16 . . 12.9 • . 12.73 12.066 • . 14.5 

1 124 100.0 100.000 100 0 

Native Sulphuret qf Silver^ or vitreous silver-ore^ is found in various 
forms, and when crystallized, is in cubes, octoedra, and dodecaMra. It 
is soft and sectile. The finest specimens are from Siberia. The method 
of its reduction has been above described. A triple combination of 
silver^ antimony^ and sulphur^ constitutes the red or ruhy silver-ore ; it 
is found massive and crystallized in liexaMral prisms. It consists ,of 
about 70 parts of sulphuret of silver, and 30 sulphuret of antimony ; or, 
according to Bonsdorff, of 3 atoms of silver, 2 of antimony, and 6 of 
sulphur* It occurs in all the silver-mines, and is sometimes accompanied 
by the brittle sulphuret qf silver^ or silver glance^ and by anlimonial 
silver. + 

Hyposulphite of Silver (Ao-fS) has been examined by Ilerscheff * 
( Edin. Phil. Journal^ i. 26.) It is formed by dropping a weak solution 
of nitrate of silver into a very dilute solution of hyposulphite of soda : 
a white cloud is at first produced, which redissolves on .agitation ; on 
adding more of the precipitant, the cloud re>appears and aggregates into 
a gray precipitate, which appears to consist of hyposulphite of silver ; 
the supernatant liquor tastes intensely sweet, which is remarkable, con- 
sidering the disgusting bitterness both of the nitrate and of the hyposul- 
phite, and shows, “ how little we know of the way in which bodies affect 
the organs of taste. Sweetness and bitterness, like acidity, seem to* 
depend upon no particular principle, but to be regulated by the state of 
combination in which the same principles exist at different times.*’ 
Hyposulphite of silver is also produced when chloride of silver is dis- 
solved in any of the hyposulphites; the solution is intensely sweet without 
any metallic flavour. These facts show the strong affinity that exists 
between oxide of silver and hyposulphurous acid. 
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Hyposulphite of Potassa and Silver is fonned when liquid potussa 
is dropped into the solution of chloride of silver in hyposulphite of 
soda ; it separates in the form of a copious precipitate, vrhen 

wadied and dried, is found to consist of small gray pearl^Wlles ; they 
are difficultly soluble in water ; of a very sweet taste ; and, heated before 
the blowpipe, afford a bead of silver. Several other analogous double 
salts have been described by Hei^hel. 

Sulphite of Silver (Ao+S) is obtained in crystalline grains by- 
digesting oxide of sAver in sulphurous acid, of by adding an alkaline 
sulphite to a solution of silver. It produces double salts with the 
sulphites of the alkalis. According to Fourcroy, it is not blackened by 
exposure to light, nor altered by air. 

Hyposulphate of Silver (Aq +S^) is formed by digesting carbonate of 
silver in hyposulphuric acid: it crystallizes in permanent prismatic crystals, 
8olubl(^in two parts of col3 water, and contains two proportionals of 
water of crystallization. Excess of ammonia added to a solution^ of 
this salt occasions a gradual precipitation of crystalline grains, consisting 
of an ammonuhhyposulpkate of silver, (Heeren.) 

Sulphate of Silver (Ag-|-S^) is deposited when sulphate of soda is 
mixed with nitrate of silver. It is also formed by boiling silver with its 
weight of sulphuric acid. It forms a wjiite saline mass, easily fusible. 
It requires about 90 parts of water at 60° for its solution; in boiling 
water it is more soluble^ and is deposited, as the solution cools, in small 
anhydrous prismatic crystals : it is decomposed at a red-heat, and leaves 
me^ic silver. 

Upon the large scale, small portions of gold may be most econo- 
mically separated "from large quantities of silver, by heating the finely- 
granulated alloy in sulphuric acid: the gold remains in the form of a 
Uack powder, and the sulphate of silver may be decomposed by the 
action of metallic copper; the silver is precipitated in a pulverulent 
state, and, with a little borax or other vitrifiable flux, is fused, and cast 
into ingots ; the sulphate of copper is easily obtained in the crystallized 
state by evaporating the residuary liquid. 

- A compound acid, which may be called nitro-sulphuricy consisting of 
one part of nitre dissolved in about ten of sulphuric add, dissolves silver 
at a temperature below 200°, and the solution admits of Inoderate 
dilution before sulphate of silver separates from it. This acid scarcely 
acts upon copper, lead, or iron, unless diluted with water ; it is, therefore, 
useful in separating the silver from old plated articles; the precious 
metal may afterward be separated either in the form of chloride, by 
niliiing common salt ; or by diluting the acid and l^ontinuing the immer- 
sion of the pieces of copper which have lost their silvering, and which 
will now dissolve in the diluted acid, and occasion the precipitation of 
metallic silver. (Keir, Phil. Trans.^ Ixxx.) 


Sulphate of silver ccbsists of 



Oxide of silver . . . 1 

110 

. . 74 ^ 

Snlphuiip acid ... 1 

40 

. . 24.7 

1 


100.0 
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Pbosebitret op Silver is a white brittle compound ; it is 

fomed either by projecting phosphorus upon red-hot silver, or by lionfm g 
a mixture j^l part .of silver-filings, ‘ 2 of vitrified phosphoric acid, and 
0.5 of chwHn. It loses its phosphorus when fused and exposed to air. 

Phosphate of Silver. When the neutral phosphate of soda is 
added to nitrate of silver, a yellow anhydrous precipitate falls, which is 
fhsible at a white-heat, and soluble in nitric acid, and in phosphoric acid, 
and quickly discoloured by exposure to light : its specific gravity is 7.3 : 
when heated it becomes j^wn, hut regains its yellow tint as it cools. 
It conrists of 

Benelins. 

Oxide of silver . . . . 174 . . 82-86 • . 82.975 

Phosphoric acid . * 1 « • 36 . . 17.14 * . 17.025 

1 210 100.00 100.000 

When this salt is dissolved in phosphoric acid, a part of it is deposited 
in grantdar crystals, and by spontaneous evaporation of the residuary 
solution, white plumose crystds, probably of the neutral phosphate* of 
silver, are deposited*. 

Neither Hypophosphite nor Phosphite op Silver have been ex-v 
amined : probably oxide of silver would be reduced by these acids. 

Seleniuret of Silver (Og+Se) obtained by precipitating nitrate of 
silver by seleniuretted hydrogen, is a black powder, which fuses into a 
globule having a metallic lustre. It consists of of 7*^* silver, 26.84 
selenium. When silver is fused with selenium, a gray hiseleniuret is 
formed, from which excess of selenium is expelled by heat. (Berzelius.) 

Selenite of Silver is thrown down, in the form of a white powder, 
veiy sparingly soluble in hot water. It is fusible, and at a high heat 
gives out selenious acid and oxygen, and leaves metallic silver. It is 
not discoloured by exposure to daylight. 

Carbonate of Silver is precipitated in the form of a white insoluble 
powder, by adding carbonate of potassa to nitrate of silver. It blackens 
by exposure to light. Carbonate of ammonia only throws do^vn a portion 
of the silver from the nitrate, and forms a triple amnumio-carbonate ^ 
silver. 

Borate of Silver is thrown down from the nitrate 4>f silver in the 
form of a white ciystalline powder, by adding solution of boracic acid. 
It is very difficultly soluble in water. 

Cyanuret op Silver. ( Hydrocyanic acid causes a white 

precipitate in solution of nitrate of silver, which is cyanuret of silver^ and 
which, when heated, fuses, and, at a high temperature, gives out cyanogen. 
It is insoluble in water, but readily soluble in ammonia. It is easily 
decomposed by muriatic acid, and by sulphuretted hydrogen; but sulphuric 
and nitric acids scarcely act upon it unless concentrated and heated. . 

Abgento-cyanurets. Cyanurets of the alkaline bases form soluble 
double salts with cyanuret of silver ; they are insoluble in alcohol, which 
throws them down from their aqueous solutions. The argenlihcyanuret 
^ff potassium yields plumose colourless crystals: it produces precipitates 

* In reference to pyrophosphate of ri/ver see pp. 445 and 583. 



810 


FULMINATING SILVEB. 


in many of the metallic solutions, which are insduble argento^anureLs^ 
corresponding in composition with the ferrocyanurets. 

SuLPHOCTANURET OP SiLVER falls in the form of a white curdy pre-* 
cipitate when sulphocyanuret of potassium is added to nitrate of silver. 
It slowly blackens by exposure to light. 

Cyanate of Silver. When cyanate of potassa is added to nitrate of 
silver a white powder falls, somewhat soluble in hot water, and soluble 
in ammonia ; it blackens when heated, and bums with deflagration. 

Fulminate op Silver; Fulminating Silver of BrugnateUi and 
Howard, This curious and dangerous compound jis prepared as follows: 
100 grains of fused and finely-powdered nitrate of silver are added to an 
ounce of warm alcohol, and the mixture stirred in a sufficiently large 
glass basin; an ounce of fuming nitric acid is then added, and presently 
a violent effervescence ensues: a powder falls; as soon as this appears 
white, cold water is added, and the powder is immediately to be collected 
upon a filter, washed, and carefully dried at a temperature of 212°. In 
collecting and handling this powder, the utmost caution is requisite; it 
should be made in small quantities only, and touched with nothing hard, 
for it has sometimes exploded upon the contact of a glass rod, even under 
water: the feather of a common quill serves to collect it; and it should 
be kept in a wide-mouthed vessel covered by paper, and by no means in 
a stoppered or even a corked phial, as many serious accidents have arisen 
from its sudden and unexpected explosion. In short, one cannot be too 
careful in meddling with it, and its use for fulminating balls and for 
other purposes of amusement is highly dangerous. 

Berzelius observes, that in preparing fulminating silver, a vessel of 
sufficient capacity should be used to prevent the liquid running over 
during the effervescence, by which portions of the powder are deposited 
upon its exterior, and apt to explode when dry; that all approach of 
flame should be avoided during the escape of the nitrous etherized gas, 
because its inflammation would probably occasion the powder to explode ; 
and that care should be taken to avoid introducing all hard substances to 
stir or touch the precipitate. 

Liebig’s process for the preparation of fulminating silver differs a little 
from the above, and is as follows: A drachm of refined silver is dissolved 
in half an ounce^^of nitric acid, specific grav. 1.52; two ounces of alcohol, 
specific gravity 0.85, are then added, and the whole heated in a matrass; 
white flocculi soon appear, and when ebullition begins, the heat is to be 
withdrawn; the efiervescence, however, continues, and the powder falls; 
when action ceases, the powder is to be collected with the precautions 
above described. 

Fulminating silver acquires a dingy hue by exposure to light; it 
dissolves in about 40 parts of boiling water, and as the solution 
cools, it is deposited in minute crystals. It detonates in the quantity 
of a grain, or even half a grain, with great violence, when heated, or 
touched by any hard body: placed upon a piece of rock-crystal, and 
touched in the slightest manner by another crystal, it explodes vio- 
lently; upon the contact of sulphuric acid, and by the electric spark, it 
also detonates. The nature of this substance has been investigated by 
Kebig and Gay Lussac (Ann. de Chim, et Phys.y xxiv. and xxv.), who 
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have shown that it is a compound of oxide of silver with an acid having 
the same composition as the cyanic acid^ and that the above fulminating 
product is, therefore, strictly speaking, a cyanate qf silver^ consisting of 

Gay-Lussnc and Liebijr. 



Oxide of Silver . . . 

1 . . 

116 

. . 77.34 

. . 77.52» 


Cyanogen .... 

1 . . 

26 

. . 17.33 

. . 17.160 

k 

Oxygen 

1 . . 

8 

5.33 

5.312 



1 

150 

100.00 

100.000 


Bifulminate op Silver is produced by digesting the preceding in 
solution of potassa, filtering, and adding nitric acid ; a precipitate &lls, 
soluble in boiling water, from which crystals separate on cooling, composed 
of 2 atoms of acid, and 1 of oxide of silver, and which are dangerously 
explosive. 

Fulminate op Potassa; Argbnto-cyanate op Potassa. When 
solution of potassa (or other alkaline base) is digested With fulminating 
silver, half the oxide of silver is thro^vn down, and, on filtering and care- 
fully evaporating the solution, white foliated crystals may be obtained, 
of a metallic taste, neutral to tests, soluble in 8 parts of boiling water, 
and not precipitated by chlorides. They explode by heat and friction. 
In this, and analogous compounds, therefore, the bifulminate of silver 
acts the part of an acid to the bases, {argento-cyanic acid?) This salt 
of potassa is composed of 


Potassa . . . . 

,1 . . 

48 

. . 20.7 20.7 

Oxide of silver . 

.1 . . 

116 

. . 50.0 1 Argento-cyaniol 

0 . 20.3 1 acid. 

Cyanic acid * . 

.2 . . 

68 


1 

232 

lOO.O 100.0 


Fulminating mercury is, as above stated, an analogous compound of 
protoxide of mercury and cyanic acid, and , when decomposed by the fixed 
alkalis, the mercury constitutes a part of the triple detonating salt, which 
may be called a mercurio-cyanaie^ or fulminate; and for mercuiy, some 
other metals may be substituted. 

AbseniTe op Silver is precipitated in the form of a yellow powder, 
soon becoming gray and brown, by the addition of solution of arsenious 
acid to nitrate of silver. Nitrate of silver has already been adverted to 
as a test for white arsenic, (p. 7^9-) 

Arseniate op Silver is thrown doTvn from nitrate of silver by arsenic 
acid, of a reddish-brown colour. At a red-heat, this compound evolves 
oxygen; and arsenious acid, and arsenical silver remain. 

Molybdate of Silver and Tungstate of Silver are precipitated in 
the form of white powder, insoluble in water. 

Chromate of Silver is precipitated of a crimson-colour by adding 
chromate of soda to nitrate of silver. It soon loses its brilliant tint and 
becomes brown. It dissolves in nitric acid. 

Antimoniate, Telluratb, and Golumbate of Silver, are insoluble 
white powders. . 

Alloys of Silver. The compounds of this metal with potassium 
and sodium have not been examined. It unites difficultly with iron, and 
does not combine with cobalt, except in very small proportions. It 
combines with manganese, and readily with arsenic. 
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When silrer and steel are fused together, an alloy is formed, which 
appears perfect while in fusion, but globules of silver exude from it on 
cooling, which shows the weak attraction of the ineUils. At a very high 
temperature the greater part of the silver evaporates, but a portion equal 
to about 1 in 500 remains, fanning a perfect alloy, admirably adapted to 
the formation of cutting instruments. (Stodart and Faraday, on the 
Alloys of Steel, Quarterly Journal^ ix.) 

Silver readily combines with zinc and tin, forming brittle alloys. 
The alloy of silver with copper is of the most importance, as it constitutes 
plate and coin. By the addition of a small proportion of copper to silver, 
the metal is rendered harder and more sonorous, while its colour is 
scarcely impaired. The standard silver of this country consists of 11 
pure silver and jg copper, or 11.10 silver and 0.90 copper. A pound 
troy, therefore, is composed of 11 oz. 2 dwts. pure silver, and 18 dwts. of 
copper: it is coined into 66 shillings. 

With lead the alloy is gray and brittle, as also with antimony, 
bismuth, cobalt, and arsenic. 

Amalgam of silver is sometimes employed for plating; it is applied 
to the surface of copper, and the mercury being evaporated by heat, the 
remaining silver is burnished. The better kind of plating, however, is 
performed by the application of a plate of silver to the surface of the 
copper, which is afterwards beaten or drawn out. A mixture of chloride 
of silver, chalk, and pearlash, is employed for silvering brass: the metal 
is rendered very clean, and the above mixture, moistened with water, 
rubbed upon its surface. In this way thermometer scales and clock dials 
are usually silvered. 

Assay of Silver. The analysis of alloyed silver is a very important 
process, and in continual practice by refiners and assayers. It may be 
performed in the humid way by dissolving the alloy in nitric acid, pre- 
cipitating with muriatic acid, and either reducing the chloride by potassa 
in the way above described, or estimating the quantity of silver which it 
contains. The usual method, however, which is employed at th^ Mint, 
and by the refiners, is cupellation*^ Of the useful metals, there are 
three which are capable of resisting the action of air at high tempera- 
tures; these are silver, gold, and platinum; the others, under the same 
circumstances, .become oxidized: it might, therefore, be supposed, that 
an alloy containing one or more of the first three metals, would suffer 
decomposition by mere exposure to heat and air, and that the oxidable 
metal would bum away. This,, however, is not the case ; for if the pro- 
portion of the latter be small, it is protected, as it were, by the former ; or, in 
other cases, a film of infusible oxide coats the fused globule, and prevents 
the further action of the air. These difficulties are overcome by adding 

* Whm great accuracy is requisite, be ad(q»ted without serious interruption 
the solution of the alloy, and the pred- to the business of the establishment, 
pitation of the diver in the state of Where, as in the French Mint, only one 
ddoride, is the method that must be degree of fineness is to he estimated, the 
followed; but an experienced assayer humid process, conducted with the prs- 
will arrive at tolerably close results by cautUma described by M. Gay Lussac, 
cupellation, and whero, as in the London and with the aid of his apparatus^ may 
Mint, many assays are often daily re- be employed, 
qukdte, the humid process could not 
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to the alloy some highly-oxidable metal, the oxide of which is fusible. 
Lead is the metal usually selected for this purpose, though bismuth will 
also answer. Supposing, therefore, that an alloy of silver and copper 
is to be assayed^ or analyzed by cupellatixm^ the following is the mode of 
proceeding: A clean piece of the metal, weighing about 20 grains, is 
laminated, and accurately weighed in a very sensible balance. It is then 
wrapped up in the requisite quantity of sheet-lead (pwre, and reduced 
from litharge), apportioned by weight to the quality of the alloy under 
examination, and placed upon a small cupel^ or shallow crucible made of 
bone-earth, which has been previously heated. The whole is then placed 
within the muffle^ heated to bright-redness ; the metals melt, and, by the 
action of the air which plays over the hot surface, the lead and copper 
are oxidized and absorbed by the cupel, and, if the operation has been 
skilfully conducted, a button of pure silver ultimately remains, the com- 
pletion of the process being judged of by the cessation of the oxidation 
and motion upon the surface of the globule, and by the very brilliant 
appearance assumed by the silver when the oxidation of its alloy ceases. 
The button of pure metal is then suffered to cool gradually, and its loss 
of weight will be equivalent to the weight of the alloy which has been 
separated by oxidation, a certain allowance being made for a small loss 
of silver, which always occurs. To perform this process with the accuracy 
required at the Mint, certain precautions are requisite, which can only be 
learned by practice, so as to enable the operator to gain uniform results. 
All excellent article upon this subject will be found in Aikin's Chemical 
Dicimnary^ and in Mr. Children's Translation ^Thenard on Chemical 
Analysis. (See also Vauquelin's Manuel de VEssayeur.) 

CuABACTERS OF THE Salts OF SiLVER, The solublc salts of silver are 
recognised by furnishing a white precipitate with muriatic acid, which 
blackens by exposure to light, and which is readily soluble in ammonia; 
and by affording metallic silver upon the immersion of a plate of copper. 
The salts insoluble in water are mostly soluble in liquid ammonia, and, 
when heated on charcoal before the blowpipe, they afford a globule of 
silver. 

Tin and lead are the most rapid precipitants of metallic silver from 
the nitrate: cadmium, zinc, copper, bismuth, and antimony, are more 
slow in their operation, and arsenic and mercury still more tardy. In all 
cases the silver appears crystallized; often blackish at first, but afterwards 
assuming the metallic lustre. Iron is a speedy reducer of the sulphate 
of silver. The insoluble salts of silver mixed with water are also similarly 
decomposed, but the operation is more slow. Chromate of silver, probably 
on account of its perfect insolubility, is extremely slowly reduced ; cad- 
mium is the most effective metal for the purpose. Chloride of silver is 
rapidly reduced by most of the metals which form solublc chlorides, such 
as zinc, iron, cadmium, cobalt, and arsenic; lead, nickel, copper, antimony^ 
and mercury, act slowly; and tin and bismuth are very feeble in tibieir 
action. Zinc, copper, and arsenic, rapidly reduce the ammoniacal solution 
of oxide of silver. Of all the metallic precipitants zinc and cadmium are 
the most effective; but when zinc or antimony are used, the sepmeate;^ 
silver is alloyed with those metals. 
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§ XXXI. GOLD. 

Gold has been known from the remotest ages; it is the sol of the alche- 
mists, and they represented it by the circle Q, which is also the emblem 
of perfection. 

Gold occurs in nature in a metallic state, alloyed with a little silver or 
copper, and in this state it is called native gold. It8< colour is various 
shades of yellow; it is either massive, ramose, or crystallized in cubes 
and octoedra. The veins of gold are confined to primitive countries, but 
lai^c quantities of this metal are collected in alluvial soils and in the beds 
of certain rivers, more especially those of the west coast of Africa, and of 
Peru, Brazil, and Mexico. In Europe, the streams of Hungary and 
Transylvania have afforded a respectable quantity of gold ; it has been 
found also in the Rhine, the Rhone, and the Danube. Small quantities 
have been collected in ComwaH, and in the county of Wicklow in 
Ireland. 

Gold may be obtained pure by dissolving one part by weight of 
standard gold in three of nitro-muriatic acid, (composed of one part, by 
weight, of nitric, and two of muriatic acid,) evaporating the solution to 
dryness, (by a gentle heat towards the end of the process,) redissolving 
the dry mass in distilled water, filtering, and adding to it a solution of 
protosulphate of iron; a black powder falls, which, after having been 
washed with dilute muriatic acid and distilled water, affords, on fusion, 
a button of pure gold. For the purpose of solution it may conveniently 
be kept in the pulverulent state. 

Gold ns of a deep and peculiar yellow-colour. It melts at a bright 
red-heat, equivalent, according to Daniell, to 2016° of Fahrenheit's scale, 
and when in fusion appears of a brilliant greenish colour. Its specific 
gravity is 19.3 

Gold is so malleable, that it may be extended into leaves which do 
not exceed one two hundred and eighty two thousandth of an inch in 
thickness, or a single grain may be extended over 56 cul)ic inches of sur- 
face. It is also so ductile that a grain may be drawn out into 500 feet of 
wire. It shows no tendency to unite to oxygen when exposed to its 
action in a state of fusion ; but if an electric discharge be passed through 
a very fine wire of gold, a purple powder is produced, which has been 
considered as an oxide, though probably it is only finely-divided gold. 

There is considerable difiiculty in determining the equivalent of gold 
in consequence of the indefinite character of its protocompounds: hence 
GmeUn adopts the number 66 as its equivalent; Thomson 100; and 
Turner 199.2. Following Dr. Turner in the view which he takes of the 
atomic constitution of the oxides and chlorides of gold, I have assumed 
200 as its equivalent, though Thomson's number is most consistent with 
that deduced from the specific heat. (p. 149.) 

Protoxide or Gk)LD may be obtained by the action of 

potassa on protochloride of gold ; the product must be washed with water,- 
and dried at a temperature of 100°; if the heat exceed this, a portion of 

oxide is reduced, and it is converted iiito peroxide and met^lic gold f 
it is of an olive-colour. It consists of 
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1 

Berzelius. 

Gold .... 

1 

200 

98.25 

98.13 

Oxygen . . . 

1 

8 

3.75 

3.87 


1 

208 

100.00 

100.00 


Deutoxidb of Gold. The existence of this step of oxidizement is 
yei^ doubtful: it is stated to be the product of the combustion of gold by 
electricity, as when a powerful electric battery is discharged through a 
fine wire or leaf of gold: in these cases it is dissipated into a purple 
powder, which has been called the purple oxide of gofd, but it is probably 
only the metal in a state of very minute division: at all events, we have 
no experimental evidence to prove that it is an oxide. 

Peroxide of Gold. According to Pelletier, the best process for obtain- 
ing peroxide of gold consists in the decomposition of the perchloride by 
magnesia, washing the precipitate with dilute nitric acid, to remove any 
excess of the precipitant, and drying it at a very low heat. Dr. Turner, 
upon the authority of Dr. Wagner of Pesth in Hungary, suggests the 
following as the most certain process for procuring peroxide of gold. 
Dissolve one part of gold in the usual way, render it neutral by evapo- 
mtion, and redissolve in 12 parts of water; to the solution add 1 part 
of carbonate of potassa, dissolved in twice its weight of water, and digest 
at about 1 70°; carbonic acid gradually escapes, and the hydrated peroxide, 
of a brownish-red colour, subsides; after being well washed, it is dissolved 
in colourless nitric acid of the specific gravity 1.4, and the solution 
decomposed by admixture with ivater; the hydrated peroxide is thus 
obtained quite pure, and is rendered anhydrous by exposure to a tem- 
perature of 212°. In this anhydrous state it is uearly black; insoluble in 
water, and decomposed cither by exposure to solar light or by heat. It is 
soluble in muriatic acid, forming the common solution of gold; and it 
dissolves in sulphuric and in nitric acid, but the afiBinity is here so weak 
that the solutions are decomposed by the action of water, and yield no 
saline compound when evaporated with the utmost caution. These pro- 
perties led Pelletier to examine the action of alkalis upon this oxide, and 
he found that, digested in a solution of caustic potassa, it was dissolved ; 
it also combines with baryta ; and in these cases apparently plays the part 
of a weak acid; it may, therefore, be called aifric acid. Boiled with 
chloride of potassium or sodium, a yellow solution results, which is 
alkaline, and contains chloride of gold and auratc of potassa or soda. 
The action of ammonia on chloride of gold will presently be noticed. 

This oxide consists of 

Bprzelins. 

Gold 1 . . 200 . . 89.6 . . 89.23 

Oxygen .... 3 . . 24 . . lOJi . . 10.77 

1 224 100.00 

Protochloridb op Gold. (65W+C.) When perchloride of gold is 
placed on a sand-heat in a porcelain capsule, and exposed, under frequent 
stirring, to th^^mperature of melting tin till it no longer evolves chlo- 
rine, a white ^ine mass remains, which, unless it contains undecoiiir 
posed perchloride, is not soluble in water; it maybe preserved imehanged 
whilst dry, but in contact of water it gradually changes into perchloride 
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and metallic gold: this decomposition of the protochloride is instanta- 
neous when boiling water is poured upon it, 2 parts of metallic gold 
being separated for 1 that is held in solution. Protochloride of gold 
consists of 


Gold . . 

. . 1 

. . 200 

. 84.74 

Berxellut. 
. . 86 

Chlorine . 

. . 1 

36 

. 15.36 

. . 16 


T 

236 

100.00 

100 


Perchloride of Gold. {OLU +3 C.) When gold in a state of minute 
division is heated in chlorine, a compound of a deep-yellow colour results. 
Gold-leaf also dissolves easily in a strong aqueous solution of chlorine, 
and affords a similar compound on evaporation. The common solvent of 
gold, however, for the purpose of obtaining the chloride, is the nitromu- 
riatic acid, composed of two parts of muriatic and one of nitric acid. By 
evaporation, the saturated solution affords prismatic crystals of a deep 
^orange-colour, very deliquescent, and readily decomposed by heat, yield- 
ing at first, the protochloride, and ultimately, pure gold. It is said, that 
when heated, a very minute portion of the metal also passes off with the 
chlorine and water. When concentrated sulphuric acid is poured into a 
strong solution of this compound, it causes a precipitation of anhydrous 
chloride of gold. The colour of its aqueous solution varies; if^ neutral 
and concentrated it is nearly red {Leo ruber of the alchemists), if 
or acid, it is yellow. 

The aqueous solution of perchloride of gold, or mvriafe^ '^old, as it 
is usually called, is discoloured by steam in the same way, and apparently 
from the same cause, ai^trate of silver. (See page 805.) It is decom- 
posed by phosphorus and charcoal, and by sulphurous acid; a piece? of 
paper, moistened with it and exposed to light, also becomes purple in 
consequence of its decomposition. * According to Van Mons, it is 
posed by several vegj^ble acids, and when mixed* with binoxalate of 
potassa, carbonic acid gas is evolved, and the gold gradually separated. 
When solution of protosulphate of iron is added to chloride of gold, the 
mixture instantly acquires a dingy green or broVm tinge, and appee.rs qf a 
beautifiil green if viewed by strong transmitted light: these appearances 
depend upon the presence of an infinite number of small particles of gold 
in the metallic state; they soon subside in the form of a brown powder, 
which may be collected upon a filter, and with a little borax fused into a 
button. This method of separating gold from its solution is often con- 
venient in analytical operations. According to Dr. Turner, the mutual 
action of the protosulphate and perchloride is such, that' 6 atoms of proto^ 
sulphate of iron, and 1 of perchloride of gold, produce 2 atoms of per- 
sulphate of iron, 1 of M|chloride of iron, and 1 of gold. Protochloride 
of tin, added to a diUlr solution of chloride of gold, occasions an ingtont 
change of colour to a reddish-brown or dirty-purple: if »piece of tin-foil 
be immersed in a dilute solution of the chloride, the same purde powder 
is presi^dy thrown down upon it; it is also formed wheMy|^oy of 150 
parts of ^ver, 35 of tin| and 20 of gold, is digested in nitn^Xl^* nitrate 
of silver is dissolv^, and the purple pourder remains. This powder is 
in enamel-painting, and for tingeing glass of a fine red colour, updigr 
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the iiAme o( purple vf Cassius: it is a compound of peroxide of tin and 
oxide of gold, the latter metal appearing to be in a very low state of 
oxidisement, and yet soluble in muriatic acid; it is also soluble in 
ammonia, forming a deep-purple liquor. It would appew^ from Proust s 
experiments, to consist of about three parts of oxide ot of 

protoxide of gold. Oberkampf found the composition and of the 

precipitates formed by protochloride of tin, in solutions of goM' liable to 
much yariation. When the tin predominates, it is of a rioIet-coJour; but 
when the gold is in excess, it is more pink; and these colours are also 
communicated to enamel. Oberkampf and Macardieu assert, that the gold 
in the compound is in the metallic state; that the violet combination 
contains 60 oxide of tin, and 40 gold; and the pink about 20 and 80. 
{Ann. de Chim. et Phys.., xxx., 147-) 

According to Berzelius, the purple of Cassius, when heated to redness, 
loses between 7 and 8 per cent, of water, and the residue is a mixture of 
metallic gold and peroxide of tin. (See also Gay Lussac, Ann. de Chim. 
ei Phys.^ xlix.) According to Dr. Turner, the purple of Cassius is a« 
hydrated double salt, composed of peroxide of tin, as the acid^ united with 
protoxide of tin, and binoxide of gold, as bases^ in such proportion that 
the oxygen of the gold exactly snihees to conv^ort the protoxide into 
peroxide of tin. 

When nitrate or sulphate of silver is added to chloride of gold, a pre- 
cipitlite falls, consisting of chloride of silver and oxide of gold; the latter 
may be remove^ by muriatic acid. The protosalts of mercury are rendered 
deep-brown, ^r reddish-brown, by chloride of gold, and many organic 
substances give it a purple tint. 

, If a solution of chloride of gold be mixed!%ith sulphuric ether, it 
abstracts the chloride from the water, and an ethereal solution of chloride 

gold h obtained. Polished steel dipped into this solution, acquires a coat 
of gold, and it has hence been employed for mlding delicate cutting 
instruments. It gradually deposits films of met^c gold, sometimes in 
ramose or arborescent crystals. Perchloride of gold consists of 


Gold . . . 

. . 1 

200 

66 

nerzelius. 

66.09 

Chlorine . . 

. . 3 

108 

36 

34.91 


1 

308 

100 

100.00 


Fulminating Gold; A urate op Ammonia; Ammoniuret op per- 
oxide OF Gold. When liquid ammonia is added to a concentrated 
solution of chloride of gold diluted with about three parts of water, a 
yellowish-brown precipitate is formed, which, if collected upon a filter, 
washed with a little water, and carefully dried at the temperatiire of 212 ®, 
is fulminating gold. Bergman first showed that this compound consists 
of about fiv 0 parts of peroxide of gold and one of ammonia: when heated 
to about 400®, it explodes^violently, the gold is reduced, and nitt|^n and 
water are evolved; hence it appears tlmt the ammonia is decomposed; 
that its h/drogen, uniting with the oxygen of the oxide, forms wkier, and 
that the^nitrogen is suddenly liberaited. It explodes by friction with 
hard bodies, and by an electrical shock. If two or three grains be deto- 
nated upon a thin piece of platinum-leaf, the metal is tom at the point 

3o 
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of contact, as is the case with all these detonating compounds. This 
compound probably consists of 2 atoms of ammonia and 1 of peroxide of 
gold. 

Atjro-chlorides. Under this term are comprehended the compounds 
described by Bonsdorif (Ann. de Chim. et Phijs.^ xliy.) and others, in 
which the chloride of gold is combined with certain electro-positive 
chlorides, such as those of the alkaline bases: they consist of 1 atom of 
terchloride of gold, and 1 atom of the other chloride^ and may be formed 
of their respective chlorides in such proportions; some of them have been 
long known; they mostly form prismatic crystals, and include water 
of crystallization. It is in consequence of the formation of these soluble 
double salts, that the solution of chloride of gold in muriatic acid yields 
no precipitates with the alkalis, even when added in excess. 

Iodide of Gold. The action of iodine on gold has been examined by 
M. Pelletier. (Q,uarterly Journal^ x., 121.) When hydriodate of potassa 
is added t6 chloride of gold, it produces a very copious yellowish-brown 
' precipitate, insoluble in cold water, and easily decomposed by heat, and 
by the liquid alkalis. When boiled in water, to deprive it of excess of 
iodine, it probably consists of 


Gold . . 

. . 1 

200 

61.5 

Pelletier. 

66 

Iodine . . 

. . 1 

. 125 

38.5 

34 


— 

— . I . 

— 



1 

325 

100.0 

100. 


Bromide op Gold. Bromine combines with gold, and forms a dark- 
gray substance, soluble in water, and crystallizing from ils solution in 
deep-brown crystals. This salt has so intense a colour, that it commu- 
nicates a tinge to 5000 parts of water. (Balard, Ann. de Chim. et Phys., 
xxxii., 362.) 

Sulphuret of Gold is procured by passing sulphuretted hydrogen 
through an aqueous solution of chloride of gold. It falls in the form of 
a black powder, easily resolved by heat into metallic gold and sulphur. 
(Oberkampf, Ann. de Chim.^ Ixxx.) It consists of 






Oberkampf. 

Bucholz. 

Gold . . 

. 1 . 

200 . 

. 80.6 

. . 80.39 . 

. 82 

Sulphur 

. 3 . 

48 . 

. 19.4 

. . 19.61 . 

18 


T 

248 

100.0 

100.00 

100. 


Phosphuret of Gold is obtained by heating gold-leaf with phosphorus, 
in a tube deprived of air. It is a gray substance of a metallic lustre, and 
consists probably of one proportional of gold and one of phosphorus. It 
is decomposed when heated under exposure to air. 

Cyanuret op Gold is thrown down as an insoluble pale-yellow com- 
pound, by adding cyanuret of potassium to chloride of gold; it forms, 
according to Ittner, double salts with the cyanurets of the alkaline bases. 

SuLPHocYANURET OP GoLD is a flcsh-coloured powder, which falls 
when solution of sulphocyanuret of potassium is mixed with chloride of 
gold: it is soluble in the precipitant and in ammonia. (Grotthuss.) 

Alloys of Gold. An interesting detail of an extended series of 
experiments upon the alloys of gold has been published in the PhU. 
Trans, iox 1803, by Mr. Hatchett: his experiments were generally made 
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with eleven parts of gold and one of alloy; or «38 grains of alloy to the 
ounce of gold. The alloys of gold with potassium and sodium have not 
been examined. With manganese it forms a gray brittle alloy. With 
iron the alloy is malleable and ductile, and harder than gold ; its colour 
dull-white, and its specific gravity 16.885. The metals expand hy union ; 
so that, supposing their bulk before combination to have been 1000, after 
combination it is 1014.7* With zinc the compound is brittle and brass- 
coloured: specific gravity 16.937* The metals contract a little in uniting; 
the original bulk being 1000, that of the alloy is 997* The brittleness 
continued when the zinc was reduced to zz of the alloy. The fumes of 
zinc in a furnace containing fused gold, make it brittle. Tin formed a 
whitish alloy, brittle when thick, but flexible in thin pieces : specific 
gravity 17.307: bulk before fusion 1000; after fusion 981; so that 
there is considerable contraction. The old chemists called tin, diabolus 
metallorum^ from its property of rendering gold brittle ; but Mr. Bingley's 
experiments quoted by Mr. Hatchett, show that sV of tin does not render 
gold brittle. The alloy of lead is very brittle when that metal only con- 
stitutes Tziz of the alloy; even the fumes of lead destroy the ductility of 
gold: the specific gravity is 18.080; and 1000 parts become 1005. A 
very remarkable fact in respect to this alloy is, that its sperffic gravity 
diminishes to a certain extent, as the proportion of lead diminishes, and 
is at its maximum when the lead amounts only to B«th part, the quantity 
of gold remaining the same, and the deficiency being made up with 
copper. The following table, draum up by Mr. Hatchett, exhibits this 
remarkable fact:— 




Sp. Gravity 

Bulk before 

Bulk after 


METALS. 

f*raitis 

of 

Alloy. 

Union. 

Union. 

Expansion. 

Gold . . 

442 1 

18.080 

1000 

1005 

5 

Lead . . 

38 j 





Gold . . 






Copper . 

19 ( 

17*765 

1000 

1006 


Lead . . 

19 1 




■■ 

Gold . . 

442 ] 





Copper . 

30 > 

17*312 

1000 

1022 


Lead . . 

8 J 




■■ 

Gold . . 
Copper . 
L^id . . 

442 1 

34 

4 j 

17.032 

1000 

1035 

36 

Gold . . 

442 V 





Copper . 

37*6 ) 


1000 

1057 

67 

Le^ . . 

0.5 J 

HI 




Gold . . 

442 1 





Copper . 

87*75 ] 

17.039 

1000 

1031 

31 

Lead . . 

0.75 1 






The alloy with nickel was of a brass-colour and brittle. The specific 
gravity of the gold being 19.173) and of the nickel 7*8, that of the 4^oy 

3 o 2 
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was 17*068. An expansion had taken place, 1000 parts before fusion 
haring become 1007. With cohalt the alloj was rery brittle : specific 
gravity 17*112. 1000 parts became 1001 after fusion, bismuth 

the alloy was of a brass-colour, very brittle, and of a specific gravity =: 
18.038. 1000 parts became 988 after fusion, so that the condensation 

was considerable. When the bismuth amounted only to lAwth part, the 
alloy w’as still brittle, though the colour w^as nearly that of gold. 

With copper (^standard gold) the alloy is perfectly ductile and 
malleable, but harder than pure gold, and resists wear better than any 
other alloy, except that with silver. Its specific gravity is 17*157* Gold 
coin is an alloy of eleven parts of gold and one of copper ; of this alloy, 
20 troy pounds are coined into 934 sovereigns and one half-sovereign ; 
one pound formerly was coined into 44^ guineas ; it now produces 46S8 
sovereigns*. Arsenic and antimony^ w^hen alloyed in very small pro- 
portions with gold, destroy its colour and render it quite brittle. 

Assay of Gold. The analysis of most of the alloys of gold is 
performed by cupellation. The triple alloy of gold, silver, and copper, 
may be analyzed by digesting it in nitric acid, which takes up the silver 
and copper, and leaves the gold in the form of a black powder, which 
may be fused into a button, and weighed. The silver may be thrown 
down in the state of chloride, by solution of common salt, and the cop- 
per precipitated by iron. The assay of gold is more complicated than 
that of silver, in consequence of the double operation which it has to* 
undergo, namely, first, cupellation, and then the separation of the silver 
by the action of nitric acid. The real quantity of gold or silver taken 
for an assay is very small ; whatever it may be, it is called the assay 
pound. The silver assay pound is divided into 12 ounces, and each 
ounce into penny-weights and half penny-weights. The gold assay 
pound is subdivided into 24 carats, and each carat into 4 carat grains, 
quarters, and eighths. (Aikin's Dictionary^ Art. Assay. See also the 
authorities above quoted.) 

Mercury and gold combine with great ease, and produce a white 
amalgam, much used in gilding. For this purpose the amalgam is 
applied to the surface of the silver ; the mercury is then driven off by 


* All the gold at present coined in ; boiled in sulphuric acid (in vessels of 
our Mint is alloyed with copper only ; j platinum), by which the silver is oxi- 
previoiiB to the year 1826, the alloy con- dized and converted into sulphate of 
sisted in part of silver ; hence the paler silver, and the metallic gold remains in 
colour of the sovereigns and half sove- the form of an insoluble black powder. 


reigns of former coinages : an alloy com- whichk is afterwards collected, washed, 
posed of equal parts of silver and cop- and fused into a button or ingot. In the 
per furnishes the best addition to gold same way, the small quantity of gold con- 
for the purpose of coinage, and it is to tained in silver coin, which used to pass 


be regretted that this requisite portion 
of silver is not made part of the value 
of the coin, by which, the system of 
melting down our gold coin for the pur- 
pose of extracting its silver would be 
prevented, and the perfection and facility 
of coinage ensured. To separate the 
silver from ^Id, the alloy is melted with 
gTMt excess of sUvery.giaxmlatod, and 


unheeded, is extracted by sulphuric acid ; 
the recently-coined silver, will accord- 
ingly be found destitute of those traces 
of gold which are contained in our coin 
of a date anterior to 1826, and in Spanish 
dollars and other^foreign silver. Abso- 
lutely pvrtf copper is essential to the due- 

tility of the atove alloys and much mis* 
ddarMaltefiromitsocoarional imjnirUt. 
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heat, and the gold remains adhering to the silver, and is burnished. 
This process is called water-gilding. In gilding porcelain, gold powder 
is generally employed, obtained by the decomposition of the chloride ; it 
is applied with a pencil, and burnished after it has been exposed to the 
heat of the porcelain-furnace. Many curious facts relating to the pro- 
perties of gold, and its uses in the arts, will be found in Dr. Lewis’s 
Philosophical Commerce of the Arts. 

Characters of the Salts op Gold. It will be observed from the 
preceding account, that there are, strictly speaking, no oxysalts of gold, 
but that it forms haloid combinations, which are easily decomposed and 
reduced by heat : such of these as are soluble, arc recognised by the 
peculiar precipitates which they afford with protochloride of tin and 
protosulphate of iron, and by a black precipitate with protonitrate of 
mercury. Gold is precipitated in the metallic state from its chloride, or 
muriatic solution, by the greater number of the metals: iron, copper, 
zinc, and tin, rapidly effect this reduction ; lead, mercury, and antimony, 
more slowly; the tardiness of action is sometimes caused by the 
adhesion of a him of gold to the precipitating metal. When silver is 
used, the production of its chloride also impedes the effect : and the 
same liappens with palladium. The gold is generally separated in the 
form of a brown powder; but copper, iron, zinc, and cadmium, occasion 
the appearance of a metallic film : and bismuth, antimony, arsenic, and 
palladium, become coated with a brilliant covering. Tin, after the 
separation of a part of the gold, forms the purple of Cassius. 

§ XXXII. PLATINUM. 

This metal was first made known in Europe by Mr. Charles Wood, who 
met with its ore in the West Indies, in 1741, and sent specimens of it to 
Dr. Brownrigg, which he afterwards presented to the Royal Society. 
In 1750 , a paper was published upon it by Mr. Wood, {JPhil. Trans. 
and by Dr. Lewis, in 1754. In 1752 a dissertation upon it was pub- 
lished by Scheffer, of Sweden; and in 1757 by Margraaf. (Mem,, Berlin.) 
The labours of later experimentalists in reference to this metal, 1 shall 
presently have occasion to quote. 

Platinum is found in the metallic state, in small grains, in South 
America, confined to alluvial strata, chiefly in Brazil and Peru. It has 
also been found in the province of Antioquia, in North America ; and in 
considerable quantities in the Uralian mountains of Siberia. {Edin. 
Quart, Jour. ^ Science^ v, 323.) The grains, besides platinum, contain 
generally gold, iron, lead, palladium, rhodium, iridium, and osmium, and 
often oxide of titanium and chromate of iron. Rounded masses of the 
metal, however, occasionally occur among them, and are met with in 
mineral collections ; these are rarely larger than a small marble, though 
some have been found of the size of a pigeon's egg and upwards. 

The pure metal* may be obtained by dissolving crude platinum in 
nitro-muriatic acid, and precipitating by a solution of muriate of 
ammonia. The first precipitate is heated, redissolved in nitro-muriatic 

* The method followed in Paris for ) length by M. Baruel in the 12th voluipe 

obtaining pure platinum is described at \ of the Quarterly Journal ef ^cietios, 0.5. 
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iiAiy and again precipitated as before. The second precipitate is heated 
whiti^hot, and pure platinum remains. It is a white metal, extremely 
difficult of fusion, and unaltered by the joint action of heat and air. It 
varies in density from 21. to 21.5, according to the degree of mechanical 
compression which it has sustained ; it is extremely ductile, but cannot 
be beaten out into such thin leaves as gold and silver. 

The following details respecting the mode of purifying platinum, and 
rendering it malleable, are taken from Dr. Wollaston's latest paper upon 
this subject published in the Philosophical Transactions for 1829. 

“ The usual method of giving chemical purity to this metal, by solu- 
tion in aqua regia and precipitation with sal-ammoniac, are known to 
every chemist ; but 1 doubt whether sufficient care is usually taken to 
avoid dissolving the iridium contained in the ore, by due dilution of the 
solvent. In an account which I ^ve in the Philosophical Transactions 
for 1804, of a new metal. Rhodium, contained in crude platina, I have 
mentioned this precaution, but omitted to state to what degree the acids 
should be diluted. I now, therefore, recommend, that to every measure 
of the strongest muriatic acid employed, there be added an equal 
measure of water; and, that the nitric acid used be what is called 
single aquafortis as well for the sake of obtaining a purer result, as 
of economy in the purchase of nitric acid. With regard to the propor- 
tions in which the acids are to be used, I may say, in round numbers, 
that muriatic acid, equivalent to 150 marble, together with nitric acid 
equivalent to 40 marble, will take 100 of crude platinum ; but in order 
to avoid waste, and render the solution purer, there should be in the 
menstruum a redundance of 20 per cent, at least of the ore. The acids 
should be allowed to digest three or four days, with a heat gradually 
raised. The solution, being then poured off, should stand until a 
quantity of fine pulverulent ore of iridium, suspended in the liquid, has 
subsided; and should then be mixed with 41 parts of sal-ammoniac, 
dissolved in about five times their weight of water. The first precipi- 
tate, which will- thus be obtained, will weigh about 165 parts, and will 
yield about 66 parts of pure platinum. As the mother-liquor, will still 
contain about 11 parts of platinum, these, with some of the other metals 
yet held in solution, are to be recovered, by precipitation from the liquor 
with clean bars of iron, and th# precipitate is to be redissolved in a pro- 
portionate quantity of aqua-regia, similar in its composition to that 
above directed : but in this case, before adding sal-ammoniac, about one 
part by measure of strong muriatic acid should be mixed with 32 parts 
by measure of the nitro-muriatic solution, t^prevent any precipitation of 
palladium or lead along with the ammonio-muriate of platinum. The 
yellow precipitate must be well washed, in order to free it from the 
various impurities which are known to be contained in the complicated 
ore in question ; and must ultimately be well pressed, in order to remove 
the lost remnant of the washings. It is next to be heated, with the 
utmost caution, in a black-lead pot, with so low a heat as just to expel 
the whole of the sal-ammoniac, and to occasion the particles of platinum 
to cohere as little as possible ; for on this depends the ultimate ductility 
of the product. 

“ 'The gray product of the platinum, when turned out of the crucible. 
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if prepared with due caution, will be found lightly coherent, iind must 
then be rubbed between the hands of the operator, in order to procure, 
by the gentlest means, as much as can possibly be so obtained, of 
metallic powder, so fine as to pass through a fine lawn sieve. The 
coarser parts are then to be ground in a wooden bowl with a wooden 
pestle, but on no account with any harder material, capable of burnishing 
the particles of platinum ; since every degree of burnishing will prevent 
the particles from cohering in the further stages of the process. Since 
the whole will require to be well washed in clean water, the operator, in 
the later stages of grinding, will find his work facilitated by the addition 
of water, in order to remove the finer portions, as soon as they arc sufii- 
ciently reduced to be suspended in it. 

“ Those who would view this subject scientifically should here con- 
sider, that as platinum cannot be fused by the utmost heat of our 
furnaces, and consequently cannot be freed, like other metals, from its 
impurities, during igneous fusion, by fluxes, nor be rendered homoge- 
neous by liquefaction, the mechanical diffusion through water should 
here be made to answer, as far as may be, the purposes of melting ; in 
allowing earthy matters to come to the surface by their superior light- 
ness, and in making the solvent powers of water effect, as far as possible, 
the purif 3 dng powers of borax and other fluxes in removing soluble 
oxides. 

By repeated washing, shaking, and decanting, the finer parts of 
the gray powder of platinum may be obtained as pure as other metals 
are rendered by the various processes of ordinary metallurgy ; and, if 
now poured over, and allowed to subside in a clean basin, a uniform 
mud or pulp will be obtained, ready for the further process of casting. 

The mould which 1 have used for casting is a brass barrel, 6| inches 
long, turned rather taper within, with a view to facilitate the extraction 
of the ingot to be formed, being 1.12 inches in diameter at top, and 1.23 
inches at a quarter of an inch from the bottom, and plugged at its larger 
extremity with a stopper of steel, that enters the barrel tQ the depth of a 
quarter of an inch. The inside of the mould being now well greased with 
a little lard, and the stopper being fitted tight into the barrel by sur- 
rounding it with blotting-paper, (for the paper facilitates the extraction 
of the stopper, and allows the escape of^w^ater during compression,) the 
barrel is to be set upright in a jug of water, and is itself to be filled mth 
that fluid. It is next to be filled quite full with the mud of platinum ; 
which, subsiding to the bottom of the water, is sure to fill the barrel 
without cavities, and with uniformity, — a uniformity to be rendered 
perfect by subsequent pressure. In order, however, to guard effectually 
against cavities, the barrel may be weighed after filling it, and the actual 
weight of its contents being thus ascertained, maybe compared with that 
weight of platinum and water which it is known by estimate that the barrel 
ought to contain. A circular piece of soft paper first, and then of woollen 
cloth, being laid upon the surface, allow the water to pass, during psytial 
compression by the force of the hand with a wooden plug. A circulai: 
plate of copper is then placed upon the top, and thus sufiicient con* 
sistency is given to the contents to allow of the barrel being laid hori^^llL- 
tally in a forcible press. » 
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. *‘The press which I have generally used for this purpose consists of 
a fls^iron bar AB, set edgeways, and screwed down by a hook E, near 
its middle, where it would otherwise be liable to bend, to a strong wooden 
bench C D. The bar is connected by a pivot at its extremity A, with 
the lever A F G. An iron rod F H, which turns at its two extremities 
upon the pivots F and H, proceeds from the lever at F, and, as the lever 
descends, propels forward the carriage I, which slides along the bar. A 
stopper or block being placed in the vacant space I A, the carriage com- 
municates motion to the cradle hlm^ which is also made to slide along 
the bar, and carries the barrel N, which lies upon the cradle, .straight 
against the piston O, which rests by its end against P, a projection in the 
further extremity of the bar. 



The vreight, which in this machine, when the angle of the lever's 
elevation is small, will keep the power, applied vertically at the extre^ 

mity of the lever, in eqmhhrw = that power x ^p^XF ^ cotan. 

of the angle of the lever’s elevation; which expression, in the case of the 
press actually used, becomes, power x 5. cotan. of the angle of the lever’s 
elevation. This expression, at an elevation of 5°, becomes nearly 60 X 
power, and at an elevation of 10 becomes nearly 300 x power; and when 
the lever becomes horizontal, the multiplier of the power becomes quasi 
infinite. This explanation will be sufficient to show the mechanical 
advantage with which, by means of this press, the weight of the operator, 
acting on the end of the lever, will be made to bear against the area of the 
section of the barrel, a circle little more than an inch in diameter. After 


compression, which is to be carried to the utmost limit possible, the stopper 
at the extremity being taken out, the cake of platinum ^vill easily be removed, 
owing to the conical form of the barrel ; and being now so hard and firm 
that it may be handled without danger of breaking, it is to be placed upon a 
charcoal fire, and there heated to redness, in order to drive off moisture, 
b\p|t off grease, and give to it a firmer degree of bohesion. It is next to 
be heated in a wind-fiimace ; and for this purpose is to be raised upon an 
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earthen stand about 2^ indhes above the grate of the furnace, the stand 
being strowh over with a layer of clean quartzose sand, on which the cake 
is to be placed, standing upright on one of its ends. It is then to be 
covered with an -inverted cylindrical pot, of the most refractory 
crucible-w'are, resting at its open end upon the layer of sand; and care is 
to be taken that the sides of the pot do not touch the cake. To prevent 
the blistering of the platinum by heat, which is the usual defect of this 
metal in its manufactured state, it is essential to expose the cake to the 
most intense heat that a wind-furnace can be made to receive, more 
intense than the platina can well be required to bear under any subse- 
quent treatment ; so that all impurities may be totally driven off, which 
any lower temperature might otherwise render volatile. The furnace is 
to be fed with Staffordshire coke, and the action of the fire is to be con- 
tinued for about twenty minutes from the time of lighting it, a breathing 
heat being maintained during the last four or five minutes. The cake is 
now to be removed from the furnace, and being placed upright upon an 
anvil, is to be struck, while hot, on the top, with a heavy hammer, so as 
at one heating effectually to close the metal. If in this process of forging 
the cylinder should become bent, it should on no account be hammered 
on the side, by which treatment it would be cracked irremediably; but 
must be straightened by blows upon the extremities, dexterously directed, 
so as to reduce to a straight line the parts which project. 

“ The work of the operator is now so fer complete, that ingot of 
platinum may be reduced, by the processes of heating and forging, like 
that of any other metal, to any form that may be required. After forging, 
the ingot is to be cleaned from the ferruginous scales which its surface is 
apt to contract in the fire, by smearing over its surface with a moistened 
mixture of equal parts by measure of crystallized borax and common salt 
of tartar, which, when in fusion, is a ready solvent of such impurities*, 
and then exposing it, upon a platina-tray, imder an inverted pot, to the 
heat of a wind-furnace. The ingot, on being taken out of the furnace, is 
immediately to be plunged into dilute sulphuric acid, which in the course 
of a few hours will entirely dissolve the flux adhering to the surface. 
The ingot may then be flattened into leaf, drawn into wire, or submitted 
to any of the processes of which the most ductile metals arc capable. 

“ The perfection of the methods above described, for giving to platinum 
complete malleability, will best be estimated by comparing the metal thus 
obtained, in respect of its specific gravity, with platinum which has under- 
gone complete fusion ; and by comparing it, in respect of its tenacity, 
with other metals possessing that quality in the greatest perfection. The 
specific gravity of platinum, drawn into fine wire, from a button w^hich 

• “ The chemist will find this flux very 
serviceable for removing from his cruci- 
ble or other vessels of platinum those fer- 
ruginous scales with which, after long 
use, and particularly after being strongly 
heated in a coal or coke' fire, they become 
incrusted. In the analysis of earthy 
minerals, I have been in the habit of 
using a similar flux, composed of two 
parts by weight of crystallized carbonate 


of soda, and one of crystallized borax, 
well ground together. It has the advan- 
tage of not acting, like caustic alkali, 
upon the platinum crucible, and is a pow- 
erful solvent of jargon and many other 
minerals, which yield with difficulty to 
other fluxes. If the minend to be ope- 
rated on requires oxidation, in 6r^ to 
decompose it, a little nitre or wf 

soda may be added." 
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had been completely fused by the late Dr. E. D Claike, with an oxy* 
hydrogen blowpipe, I found to be 21.16. Tie aggregate specific 
gravity of the cs^e of metallic mud, when first introduced into the 
barrel, 'exclusively of moisture, is about 4.3; when taken from the 
press, it<is about 10. ThSt of the cake fully contracted, on being taken 
out of the wind-fumace before forging, is from 17 to 17.7* The mean 
specific gravity of the platinum, ^ter .forging, is about 21.25, although 
that of some rods, after being drawn, is 21.4: but that of fine platinum- 
wire, determined by comparing the weight of a given length of it with the 
weight of an equal length of gold-wire drawn through the same hole, I 
find to be .21.5, which is the maximum specific gravity that we can well 
expect to be given to platinum. 

‘‘ The mean tenacity, determined by the weights required to break 
them, of two fine platinum-wires, the one of sAv, the other of vv of an. 
inch in diameter, reduced to the standard of a wire t\f of an inch in 
diameter, I found to be 409 pounds; and the mean tenacity of eleven 
wires, beginning with zhv and ending with ww of an inch, reduced 
to the former standard, 1 found to be 589 pounds; the maximum of these 
eleven cases being 645 pounds, and the minimum 480 pounds. The 
coarsest and the finest wire which 1 tried present exceptions, since a wire 
of tIv of an inch gave 290 pounds, and a wire of of an inch, 190 
pounds. If we take 590 pounds, as determined by the eleven consecutive 
trials, to be the measure of the tenacity of the platinum prepared by the 
processes above described, and consider that the tenacity of gold-wire, 
reduced to the same standai*d, is about 500, and that of iron-wire 600, 
we shall have full reason to be satisfied with the processes above detailed, 
by which platinum has been rendered malleable.'* 

In addition to the properties of this metal, set forth in the preceding 
abstract, there are other peculiarities belonging to it, upon which some 
of its valuable applications in the chemical laboratory depend; such, 
especially, is the action of spongy platinum upon gaseous mixtures, 
and that of clean surfaces of the metal, as described and investigated by 
Faraday, (p. 353.) 

The determination of the equivalent of platinum is open to the same 
difficulties as that of gold. I have adopted 96, which will be found 
sufficiently consistent with the analytical results which 1 shall quote. 
Dr. Turner, upon the authority of Berzelius, assumes 98.8, and L. 
Gmelin employs the lower equivalent, 48. The number 96 nearly 
agrees with the deduction from its specific heat (p. 149.) 

Platinum and Oxygen. The affinity of this metal for oxygen, is 
like that of gold, extremely feeble ; it shows no disposition to become an 
oxide, by exposure to air or oxygen at any temperature ; and although a 
strong electric discharge, when transmitted through a fine platinum-wire, 
dissipates it into black dust, this, as in the analogous case of gold, is 
probably finely-divided metal, and not the result of combustion or oxidize- 
ment. Four definite oxides of platinum are supposed to exist, but of these 
only two can be satisfactorily identified. 

SuBoxiDE OF Platinum. (s^Z-fO.) When nitrate of mercury is 
adjM to a dilute solution of perchloride of platinum, a powder fails, 
liAuch, when carefully heated, gives off calomel, and a black oxide 
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qf platinum^ composed, according to Cooper, of 100 platinum, + 4.5 
oxygen. {Journal of Science and the Arts^ vol. iii.) It forms the base of 
an excellent black enamel. , 

Protoxide op Platinum. {pl+ 0.) When protochloride of platinum 
is gently heated in a solution of caustic potassa, a black oxide h formed, 
part of which is dissolved by the alkali, and part precipitated: it may be 
thrown down from its alkaline solution by dilute sulphuric acid;* Heated 
in a retort, it is reduced, with the escape of water and oxygen gas. It 
slowly dissolves in the acids, most of which decompose it and resolve it 
into peroxide and metal. According to Berzelius, this is the protoxide 
of platinum, and consists of * 

Beiselius. 

Platinum ... 1 . . 96 . . 92.31 . . 92.40 

Oxygen .... 1 . . -8 . . 7*69 . . 7*60 

1 104 100.00 mm 

Sesquioxide op Platinum, {pi + ^^0.) When sulphate of platinum 
is decomposed by ammonia, and the precipitate boiled in weak solution 
of potassa and cautiously dried, it constitutes fulminating platinum: when 
this is digested in nitric acid a gray powder remains, composed of 100 
platinum, 11.86 oxygen. (E. Davy, Phil. Trans., 1820.) When spongy 
platinum is heated to redness in an open vessel with caustic potassa, and 
the product, when cold, washed with water, a gray powder is obtained, 
which is partly dissolved by the alkali : the residue, washed with dilute 
nitric acid, and afterwards with water, is also said to be sesquioxide of 
platinum, consisting of 


Platinum . . 

. . 1 

96 

88.8 

E. Davy. 
89.5 

Oxygen . . . 

. . li . . 

12 

11.2 

10.6 


1 

108 

100.0 

100.0 


Peroxide op Platinum, {pi + %0.) When sulphuret of platinum 
is digested in nitric acid, and carefully evaporated, or when perchloride 
of platinum is gently heated in sulphuric acid, a dark-brown solution of 
persulphate of platinum is obtained: if this solution be mixed with nitrate 
of baryta, sulphate of baryta is thrown down, and pemitrate of platinum 
remains dissolved; this may be in part decomposed by solution of caustic 
soda, which forms a yellow precipitate, becoming brown when carefully 
washed and dried, and which is a hydrated peroxide. Heated in a retort, 
it first gives out water and becomes black; at a higher temperature it 
evolves oxygen, and the metal is reduced: it has a very feeble attraction 
for the acids, but readily combines with many of the salifiable bases; it 
dissolves in the caustic and carbonated alkalis, and may be combined with 
lime, strontia, and baryta, by adding those earths to its acid solution, 
when it falls in union with them in the form of a yellow powder* 
(Berzelius.) This oxide consists of 

Berzolitis. Cheuevix. 

Platinum ... 1 . . 96 . . 86.71 . . 86.87 • • 87 

Oxygen .... 2 . . 16 . . 14.29 . . 14.13 . • 13 

T 112 100.00 100.00 lOO* 

Protoculoridk of Platikcm. (pZ + C.) When peichloride of 
platinum is exposed in a p(»rcelain capsule to a temperature not exoeecffisg 
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that of meltixig tin, it is converted into a gray powder, insoluble in water, 
and not decomposed by sulphuric or nitric acids. It dissolves in boiling 
muriatic add, and is decomposed, as above stated, by caustic alkali, which 
separates protoxide. It is decomposed at a red-heat, and only gives out 
cldorine, without a trace water. It is composed of 

Bcltrliiu 

Platinum ... 1 . . 98 . . 79.76 . . 78.8 

CUorine ... 1 . . 38 . . 27.26 . . 26.7 


1 132 100.00 100.0 

Perchloride of Platinum. ( pZ + 2 C.) When the solution of pure 
platinum in nitro-muriatic acid is evaporated, it affords a deep-brown 
liquid, which shoots into prismatic crystals, consisting of hydrated per- 
chloride of platinum and muriatic acid; on further evaporation it yields 
a brown saline mass, which becomes deeper coloured upon the expulsion 
of its combined water. It is then a perchloride of platinum^ yielding a 
yellow-brown solution in water, and easily soluble in alcohol and in ether. 
The alcoholic solution is a useful re-agent to detect the presence of 
potassa: the salt, the base of which is to be ascertained, is dissolved in 
the smallest possible quantity of water, and mixed with the alcoholic 
solution of the perchloride: if it be potassa, a triple salt, insoluble in 
alcohol, is thrown down; if not, the liquid remains clear. (Berzelius.) 


This perchloride consists of 




Platinum . . • 

1 

96 

67.1 

Chlorine . . . 

2 

72 

42.9 


T 

168 

100.0 


Platino-Ciilorides, Both the chlorides of platinum enter into 
definite combination with the chlorides of the alksdine bases, and form 
platino-prolochlorides^ and platino-per chlorides. (Bonsdorff, Poggendorff's 
Ann. xiv.) 

Platino-protochloride of Potassium. {J)l -fpO 4* sC.) This salt 
was obtained by Magnus in the form of red anhydrous four-sided prisms, 
insoluble in alcohol, by evaporating a solution of protochloride of platinum 
and chloride of potassium in muriatic acid. It consists of 


Platinum 

1 .. 

96 

. . 46.2 

Potassium 

1 .. 

40 

.. 19.2 

Chlorine 

2 .. 

72 

. . 34.6, 


{ Protochloride ) 
of Platinum f * 
Chloride of ) 
Potassium f ^ 


132 .. 63.5 
76 .. 36.6 


1 208 100.0 


100.0 


Analogous platino^proiochlorides, with muriate of ammonia and chloride 
of sodium, may be obtained. 

Platino-bichloride of Ammonia (or of muriate of ammonia); 
Ammonio-muriate of Platinum. (pZ+2C) + (A+ flC^.) This is the 
well-known yellow powder, which falls when solutions of perchloride of 
platinum and muriate of ammonia are mixed. When it is exposed to 
heat it loses a little water, and a compound of muriate of ammonia and 
protochloride of platinum is at first formed; the ammonia is ultimately 
decomposed, and the platinum remains in the peculiar spongy state above 
referred to, and possessed of the power o£ determining the union of 
hydrogen and certain other inflammable gases with oxygen, as explained 
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in the section on Hydrogen, (p. 363.) This ammonio-chloride is very 
sparingly soluble in pure water; rather more so in water acidulated by 
muriatic acid. If the solution from which it is precipitated contain 
iridium or palladium, it has a tawny-red colour; these may be removed 
by boiling in dilute nitric acid and filtering ’"the red solution whilst hot; 
as it cools it deposits a red crystalline powder, which is generally a triple 
salt of iridium, and from which the acid may be poured oflF for use as 
before. The results of several analyses of this double chloride indicate 
thjit it contains between 40 and 45 per cent, of platinum, and, therefore, 
that it is a compound of 


Platinum 1 

.. 96 

. . 43.2 } 

1 Bichloride of 1 

r ^ •• 

168 .. 

76.7 

Chlorine 2 

.. 72 

.. 32.5 1 

» Platinum 1 

Ammonia 1 

.. 17 

. . 7.6 1 

1 Muriate of 1 

1 •• 

54 . . 

1 24.3 

Muriatic acid 1 

.. 37 

.. 16.7 1 

> Ammonia 1 





— 


— 

— 


1 

222 

100.0 


1 

222 

100.0 


PlATINO- BICHLORIDE OF POTASSIUM, {pi + 2 C) + {pO + C.) This 
salt is thrown down in the form of a yellow powder when solutions of 
chloride of potassium, and of bichloride of platinum, are ^iiixed; it is 
sparingly soluble in water, and is deposited from its boiling solution in 
small octoMral crystals: when heated it evolves chlorine, and leaves a 
mixture of metallic platinum and chloride of potassium. Its difficult 
solubility renders bichloride of platinum, as already stated, a useful test 
of the presence of salts of potassa. It consists of 

Bichloride of platinum . . 1 • . 108 . . 68.8 

Chloride of potassium . . 1 • . 70 • • 31*2 

1 244 100.0 

P|iATiNO-BicuLOKiD£ OF SoDiUM. + 2 C) + (SO + C.) Chloride 

of sodium occasions no precipitate with bichloride of platinum, but the 
mixed solutions yield on evaporation prismatic, or tabular crystals, of a 
deep orange-colour, soluble in water and in alcohol, and which, when 
heated, lose 19.25 per cent, of water of crystallization, and leave the 
anhydrous double salt: the crystals, therefore, contain 


Bichloride of Platinum. 1 


168 

50.5 

Chloride of sodium . . 1 

, , 

60 

21.3 

Water 6 

• • 

54 

19.2 

1 


282 

100.0 


Platino-bichloride of Barium. When baryta-water is gradually 
added to a solution of bichloride of platinum, a precipitate falls composed 
of baryta and peroxide of platinum {platinate of baryta,) The solution 
contains- excess of baryta, which fells in the form of carbonate by 
exposure to air, and afterwards small crystals of the double salt are depo- 
sited. This salt may also be formed by mixing the two chlorides in 
atomic proportions: the crystals are orange-coloured, and in form and 
appearance resemble those of chromate of lead. They consist of 


Bichloride of platinum . 

1 

. . 168 

64.3 

Chloride of barium . . 

1 

• • 105 . • 

34.0 

Water 

4 

. . 36 

11.7 


T 

m 

100.0 
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Platino-chlorides of Calcium and Strontium have been described 
by BonsdorfF, as also those of magnesium, manganese, iron, zinc, cadmium, 
copper, nickel, and cobalt: the crystals of the last eight are isomorphous, 
and consist of 1 atom of the bichloride of platinum, 1 atom of the basic 
chloride, and 6 atoms of water. 

Platino-chloride of Silver is thrown down as a yellow basic salt 
when solutions of bichloride of platinum, and nitrate of silver are mixed, 
the residuary liquid remains colourless: boiling muriatic acid abstracts 
the chloride of platinum, and leaves the chloride of silver nearly without 
colour. (Vauquelin.) 

Protonitrate op Platinum. is obtained by digesting the protoxide in 
dilute nitric acid : it is of a very deep brown colour, and is decomposed 
by evaporation, leaving peroxide of platinum. 

Pebnitratb of Platinum, formed by dissolving the peroxide in nitric 
acid, is of a dark-brown colour: when evaporated to dryness, water 
digested upon the residue. Leaves a subsalt. The addition of potassa 
throws down half the oxide, and afterwards a triple compound of nitric 
acid, oxide of platinum, and potassa. 

Protosulphurbt OP Platinum. (pl^S,) 1. By heating platinum 
Tvdth sulphur in an exhausted glass tube (E. Davy.) 2. By heating 
ammonio- muriate of platinum with twice its weight of sulphur, to redness, 
in a covered crucible (Vauquelin.) It is a gray or black powder; specific 
gravity 6.2; unaltered by air or water; scarcely attacked by the boiling 
acids, and decomposed when ignited with chlorate of potassa. It 
consists of ' 

Vauqmlin. I.Davjt. 

Platinum . 1 .. 96 .. 86.72 ..84.6 .. 84 

Sulphur . . I . . 16 . . 14.28 . . 16.6 . . 16 

1 112 100.0 100.0 100 

Bisulphuret of Platinum, (pi +2$,) When a solution of per- 
chloride of platinum is mixed with sulphuret of ammonia or potassium a 
black powder falls, which when dried in vacuo over sulphuric acid, 
contains, according to Berzelius, no traces of water. When this precipi- 
tate is exposed upon paper to dry in the air, the sulphur absorbs oxygen, 
and becomes sulphuric acid, which chars the paper. When sulphuretted 
hydrogen is passed through solution of nitromuriate of platinum, the pre- 
cipitate which falls consists of chloride and sulphuret of platinum. The 
anhydrous precipitate consists of 






Vauquelin. 

Benelius. 

Flatinum . 

. . 1 . . 

96 . . 

76 

. . 77 . . 

75.25 

Sulphur . 

. . 2 . . 

32 . . 

25 

. 23 . . . 

24.75 


T 

I 2 B 

Too 

100 

100.00 


Protosulphate of Platinum is obtained when a solution of protoxide 
of platinum in caustic potassa is saturated with sulphuric acid, the liquid 
poured off, and the precipitate dissolved in dilute sulphuric acid: the 
concentrated solution is opaque and black; diluted with water it becomes 
red, and appears gradually to pass into persulfate. Vauquelin obtained 
this salt by digesting protochloride of platinum in sulphuric acid. 
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The oxide is slowly precipitated from this sulphate hy caustic alkali. 
(Berzelius.) 

Persulphate of Platinum is obtained by acidifying the sulphur in 
the sulphuret by means of nitric acid. It is of a brown colour, and very 
soluble in water, alcohol, and ether; and with soda, potassa, and ammonia, 
it fohns triple salts. It is a very delicate test of the presence of gelatine, 
with solutions of which it forms a brown precipitate. 

E. Davy found that the precipitate from solution of sulphate of plati- 
num by a slight excess of ammonia, when boiled in potassa, washed and 
dried, was b. fulminating platinum; it explodes at about 420°, wth a loud 
report, and appears to be a compound of oxide of platinum, ammonia, 
and water. (PhiL Tram. 1817*) He has also described a very singular 
compound of platinum {Phil. Trans. 1820, p. 108,) obtained by mixing 
equal volumes of strong aqueous solution of the sulphate and of alcohol. 
The colour of the sulphate slowdy disappears, and in some days a black 
substance subsides, which is washed and dried. It is also formed by 
boiling the sulphate and alcohol together for a few minutes. This sub- 
stance is permanent in the air and insoluble in water. It detonates feebly 
when heated, and is not affected by chlorine, nor by nitric, sulphuric, and 
phosphoric acids; but it is slowly soluble in muriatic acid. Put into 
liquid ammonia, it acquires fulminating properties; and plunged into 
ammoniacal gas it becomes red-hot : the same phenomenon is exhibited 
by exposing it to the vapour of alcohol, or by placing it upon a piece of 
paper moistened with that fluid: in these cases the platinum is reduced 
with the evolution of heat, and the ignition seems to depend upon the 
slow combustion of the vapour of the alcohol. 

PiiospiiURET OF Platinum. According to E. Davy, there are two 
phosphurets. The first, obtained by heating phosphorus with the metal; 
the second, by heating phosphorus with the ammonio-muriate of platinum. 
Platinum crucibles are easily injured by the phosphorus evolved during 
the decomposition of phosphoric salts. 

Gyanubet of Platinum has not been obtained in a separate state, nor 
has the precipitate formed by ferrocyanuret of potassium in a strong solu- 
tion of bichloride of platinum been satisfactorily examined. A double 
cyanurei of platinum and potassium is obtained according to L. G melin as 
follows: spongy platinum is mixed with its weight of ferrocyanuret of 
potassium and heated to incipient redness, but not higher : the platinum 
separates a part of the iron from the cyanogen, and when the mass is 
dissolved in water the platino-cyanuret may be separated by Ikystallization ; 
the crystals are yellow in one direction, but blue in the direction of their 
axes : they effloresce and become pale-red in the air, but still retain 13.4 
per cent, of water, which requires a higher temperature for its separation. 
This salt is abundantly soluble in hot water, but the greater part crystfd- 
lizcs as the solution cools: the solution gives a scanty white precipitate, 
with solutions of the oxides of zinc, tin, and mercury; a pale-blue with 
the protosalts of iron, and a reddish-brown with the persdts of iron; a 
greenish blue with the salts of copper: and a white curdy precipitate 
which blackens by exposure to light, with nitrate of silver: it is nOt 
precipitated by nitrate of lead. This salt in crystals, consists, acoordii^ to 
Gmelin, of 
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Platinum 

1 


96 

45.2 

Potassium 

1 


40 

18.4 

Cyanogen 

2 

• . 

52 

. 23.9 

Water . 

8 


27 

12.5 


1 


215 

100.0 


SuLPHOCYANURET OP pLATiNUM forms according to Grotthuss a 
bulky flocculent precipitate of a yellow-colour : it is soluble in acids 
and in solutions of chloride of potassium and sodium, and in muriate of 
ammonia: alcohol throws it down again from these solutions. 

Alloys of Platinum. Ztwc, bismuth^ iin^ and arsenttli readily com- 
bine T\dth platinum, and form fusible alloys. It also unitcfs, though less- 
readily with copper^ lead^ and iron. If a small piece of /sfw, zinc^ or 
antimmy.^ be rolled up in platinum-leaf, and exposed to the jet cf a blow- 
pipe, the two metals combine with such energy, when nearly white-hot, 
as to produce a kind of explosion. By combining 7 parts of platinum 
with 16 of copper and 1 of zinc^ Mr. Cooper obtained a mixture much 
resembling gold. {Journal of Science and Arts^ vol. iii. p. 119.) 
Hermbstadt obtained a gold-colour by combining 16 parts of pladlium 
with 7 <A^p(ypper^ and 1 of zina. 

Iron and steel increase the fusibility^ of platinum. The alloys of 
steel and platinum have been examined by Stodart and Faraday. They 
combine in all proportions, but from 1 to 3 per cent, of platinum appears 
best adapted for cutting-instruments. Equal weights of the two metals 
produce a fine hard and brilliant alloy, of a specific gravity of 9.862; it 
appears well adapted for mirrors, for it takes a fine polish and does not 
tarnish. An alloy of 80 platinum and 20 steel h?is a specific gravity of 
15.88. The alloy of cobalt and platinum is fusible. With its weight of 
nickel^ platinum forms a pale-yellow alloy, susceptible of a high polish, 
and obedient to the magnet. Mercury does not easily, act upon manu- 
factured platinum, but it cennbines with it in the state of .very fine 
^division, in which it is obtained by heating the ammonio-iritiriate of pla- 
tinum, and forms a buttery amalgam, which gradually hardens. When 
fused with silver in the proportion of 7 per cent, and upwards, it impairs 
the niilleability and colour of the latter metal. This alloy is soluble in 
nitric acid; so that;, if an alloy of gold and platinum be fused wdth silver, 
rolled into a plate, ^ and digested in nitric acid, both the silver and 
platinum are dissolved. 

Platinum^Jias the property of being united by weldings either one 
piece to anll||||^, or wdth iron, or steel. Wires of steel and platinupn, 
when welded and polished, exhibit a curious and beautiful surface, 
especially when the steel parts are slightly acted upon by dilute acid. 
This welding property of platinum may be usefully applied ah the arts ; 
wires may be joined so as to form rings and chains; and with a view to* 
economy, platinum may be joined to iron or steel for many uses in the 
laboratory of chemist. 

The perfection with which vessels of platinum resist the action of heat' 
and air, of most of the acids, and of sulphur and piercury, render the|[v 
pi^^iarly valuable in many of their applications: but its high* value is. 

its very general adoption, for, althoijgb much cheaper than gold, 
it is worth between four and five times itSAWeight of silveV^ J^raelius 
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observes (Lehrbuch), that in the employment of platinum vessels, the 
following precautions must be attended to: 1. They must not be 
subjected to the action of 'compounds which evolve chlorine. 2. Nitre, dnd 
the alkalis, must not be fused in them. 3. No metallic reductions must 
be performed in them; nor compounds of phosphorus decomposed so as 
to evolve that substance. 4. When metallic oxides are heated in a 
platinum crucible, the heat must not be raised beyond redness, provided 
the oxide is easily decomposed: hence the caution requisite with the 
oxides of lead, bismuth, copper, cobalt, nickel, and antimony, which, 
though they may not effect the fusion of the crucible, spoil it by their 
action upon its interior surface, which is rendered rough and porous. 
5. That the immediate contact of the fuel vcL.ircoal should alwi^s be 
used) with the crucible should be avoided a« much as possible, espmally 
at very high temperaj^ures; for it is thus, in the process of time, rendered 
brittle and unsound.^ Small holes ai^d fissures may be filled up and 
soldered with pure gold, but in that case the vessel must not be exposed 
to a white heat, because then the gold and platinum combine. 

It would appear from Iftr. Danielfs experiments (on a new register 
pyrometer, Phil. Trans.^ 1831, p. 315,) thsLl one cause at leipygit of the 
brittleness which platinum acquires when repeatedly heated in the usual 
fuel, depends upon the absorption of silicon or silica , 40 the^ amount of 
about 3 per cent. A high temperature appe.xrs, however, necessary to 
effect this eombii, *^ 1011 , xvhirh is somewhat analogous to the absorption 
of carbon by iron in the process ot making steel by cementation. 

Cu.wiAcrERs OF Tin: Salts op Platinum. TliC difficult solubUity 
of the ammonio and potasso-chlorides of ^latinur ^ and the solubility of 
the corresponding soda-<;ompouiids, are rcry characteristic of this metal. 
Phosphate of soda produces no precipitate in chloride of platinum; the 
ferrocyanurets of potassium throw down the platino-chloride of p''*a"'&ium: 
cyanuret of mercury occasions no precipitate : iodide of potassium com- 
municates ajt^ddish-brown colour to solutions of the chlorides of platinum, 
and gradually produces a brown precipitate: and if the mixture be heated 
in a matrass, the glass acquires a coating of metallic platinum. All the 
metals which reduce the chloride of gold, with the exception of pallm^um, 
act similarly upon chloride of platinum, but its com|^ete separation in 
the metallic state is slow: iron, zinc, cadmium, imd copper, are its most 
effective prccipitants ; they separate it as a black powder, which sometimes , 
adheres in films to the glass. 

§ XXXIII.* PALLADIUM. 

Palladium is most easily obtained by the following process. (Wollaston, 
Phil. Trans.^ 1805.) Digest the ore of platinum in nitro-muriatic acid, 
neutralize the redundant acid by soda, tlirow down the platinum by 
muriate of ammonia, and filter. To the filtered liquor add a solution 
of cyanuret of mercury; a yellow flocculent precipitate of cyanuret qf 
pqljtadtum is soon deposited, which yields palla^um on exposure to heat. 

To obtain malle^le palladium, Dr. Wollaston gives the foUo#|a|f 
more explicit directions. ^(PAtV. Trans, for 181 ^‘The 
obtained from burning thitpcyanuret of palladium is to be 
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with sulphur, and each cake of the sulphuret, after being fused, is to be 
fimilly purified by cupellation, in an open crucible, with borax and a little 
nitre. The sulphuret is then to be roasted, at a low red-heat, on a flat 
brick, and pressed, when reduced to a pasty consistence, into a square or 
oblong and perfectly flat cake. It is again to be roasted very patiently, 
at a low red-heat, until it becomes spongy on the surface. During this 
process sulphur flies' off in the state of sulphurous acid, especially at those 
moments when the heat is allowed occasionally to subside. The ingot 
is the;;^ to be cooled; and when quite cold, is to be tapped with ;a light 
hammer, in order to condense and beat down the spongy ej^crescences on 
its surface. The alternate roastings and tappings (or gentle hammerings) 
require the utmost patience and perseverance, before the cake can be 
brought to bear hard blows; but it may, by these means, at length be 
made so flat and square, as to bear being passed through the flatting- mill, 
and so laminated to any required degree of thinness. Thus prepared, it 
is always brittle while hot, possibly from its still containing a small 
remnant of sulphur. I have also fused some palladium per se^ without 
using sulphur; but I have always found it, when treated in this way, so 
hard and diflicult to manage, that I greatly prefer the former process." 

Palladium is of a dull-white colour, malleable and ductile. Its 
specific gravity is about 1 1.3. It is hard. It fuses at a temperature 
above that required for the fusion of gold, and when intensely heated by 
the oxy-hydrogen blo^vpipe, it is dissipated in sparks. When heated 
over the flame of a spirit-lamp, it acquires various shades of blue upon 
its surface, in consequence of superficial oxidation. The equivalent of 
palladium appears to be somewhere between 52 and 57* 1 have adopted 
64. (53.3 Turner, 56 Gmelin.) 

Dr. Wollaston has ascertained the existence of native palladium in 
the ore of platinum. It is in small fibrous grains. 

Protoxide of Palladium. {pol + O.) By carefully heating the 
nitrate of palladium to dull redness, a black oxide is obtained, which 
dissolves in muriatic acid without evolving chlorine. When nitrate of 
palladium is precipitated by a caustic alkdi, the red, or dark orange- 
coloured powder wUch falls, is an hydrated oxide. This oxide consists of 

ISerznlius. 

Palladium ... I . . 54 . . 87 . . 87.56 

Oxygen .... 1 . . 8 . . 13 . . 12.44 

] 62 100 100.00 

BiNOxinir QP Palladium. { pCL ^+^ O .) To prepare this oxide, 
Berzelius Tecommends that a solution of potassa, or its carbonate, in 
excess, should be poured by little and little on the solid bichloride of 
palladium and potassium, and the materials well intermixed; water^is 
not first added because it decomposes the double chloride, and the alkali 
is not added all at once, because the oxide would then be dissolved at 
first, and afrerv^ards separate as a gelatinous hydrate, which could not be 
purified by washing. When prepared according to the foregoing direc- 
tions, the binbxide is obtained as a hydrate, of a deep yellowish-brown 
colour, which retains'a little potasSa in combination, but on heating the 
solution to 312*^ the alkali is dissolved, and^he anhydrous black oxide 
left. (Tumei^s Elements.) 
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Chloridbs of Palladium. When the nitro-muriate of paUadium is 
eyaporated to dryness, the residue may be heated till it fiises; a black 
protachloride remains, which, at a r^-heat, giyes out chlorine, and is 
reduced. A bichloride is said to be formed by dissoMng the protochloride 
in nitro-muriatic acid; but it has only been obtained in combination with 
chloride of potassium, forming a red crystallizable salt — ^the palladUh 
perchUnide qf potassium: a similar sdt maybe formed with muriate of 
ammonia, wUch is less soluble, and of a dark-red colour. The palladio^ 
protochlmide of potassium forms prismatic crystals of a dingy-yellow 
colour. (Bons^orff, Ann, de Chim, et Phys,^ xliy.) 

SuLPHUBET OP Palladium, {pol + S.) This compound is readily 
formed by fusing sulphur with p^ladium; it is white, hard, and fusible, 
and when long exposed to heat and air loses the whole of its sulphur. 
It is thrown down in the form of a black powder, by the ^tion of 
sulphuretted hydrogen upon the salts of palladium. It consists of 






Berzelius. 

Vauquelin. 

Palladium 

. . . 1 * . 

54 

* . 77.2 

. * 78 . 

. 80.6 

Sulphur . 

* * * 1 

16 

• * 22.8 

. . 22 . 

19.4 


1 

70 

100.0 

100 

100.0 


Phosphuret of Palladium is an easily-fusible compound. 

Carburet of Palladium. Palladium acquires extreme brittleness 
when long fused in contact with charcoal. When a plate of palladium 
is held in the flame of alcohol, it becomes coyered with carbon, and 
carbonaceous excrescences gradually form upon it, which, when burned, 
leaye palladium, and the smface of the met^ becomes corroded, and its 
whole substance brittle. When spongy palladium, in the state in which 
it is obtained by the ignition of its ammonio-chloride, is heated to redness, 
and placed upon the wick of a spirit lamp, it glows and becomes enyeloped 
in an accumulation of a compound of carbon and palladium. This 
property of precipitating charcoal from flame, and combining with it, is 
peculiar to palladium. Platinum and iron show indications of it. 
(Wohler, Poggendorff, iii., 71-) 

Cyanuret OF Palladium. This compound is formed when a solution 
of cyanuret of mercury is added to a solution of pallium: it fells in 
oliye-coloured or dingy-yellow flakes; this furnishes a ready method of 
separating palladium from other metals which are incapable of decom- 
posing the cyanuret of mercury. The cyanuret of palladium, when 
sufficiently heated, leayes the me^: it dissolyes in cyanuret Of potassium, 
and, on eyaporation, prismatic crystals of paUadio-cyanuret of potassium 
are obtained. 

Alloys of Palladium. These haye not been minutely examined* 
Like platinum, it destroys the colour of gold; one part, fused with mx of 
gold, forming a white alloy. This compound, from its hardness and 
durability, was employed, at the suggestion of Dr. Wollaston, for the 
graduated part of the mural circle, constructed by Mr* Troughton for the 
Royal Obseryatory at Greenwich. It readily amalgamates with mercury* 
Palladium exists in large quantities in some ^t of South America, for 
bars of it, weighing seyeral pounds, haye been imported from that 
country, and nearly pure: 

3 H s 
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Characters of the Salts of Palladium. Most of these have been 
but imperfectly examined. Muriatic acid boiled upon palladium acquires 
a Ted-<;olour. Sulphuric ,acid becomes blue. Nitric acid readily dissolves 
it; but its best i^lvent is nitro-muriatic acid, ^vhich forms a fine red 
solution. The fixed alkalis throw down red or orange-coloured precipi- 
tates from these solutions, sparingly soluble in excess of the alkali. 
Ferrocyanuret of potassium gives an olive-green precipitate; and sulphu- 
retted Ifydrogen one of a dark-brown colour. Protochloride of tin 
occasioniB a brown precipitate in the neutralized solutions of palladium ; 
when dilute, the mixture becomes green. Protosulphate of iron throws 
down metallic palladium. Many of the other metals precipitate palladium 
in the metallic state. 


§ XXXIV. RHODIUM. 

This metal, discovered in 1803, by 'Wollaston, may be obtained as 
follows : — Digest the ore of platinum in nitro-muriatic acid, filter the satu- 
rated solution, and pour it into a solution of sal-ammoniac, by which the 
greater proportion of the platinum is precipitated ; filter, and separate the 
palladium % cyanuret of mercury ; filter again, and immerse a plate of 
zinc into the clear solution, which will become coated with a black 
powder. Separate this, and digest it in dilute nitric acid, by which a 
little copper and lead are taken up. Then wash, Rnd dig^|j|in dilute 
nitro-muriatic acid, to which add some common j^lt^Mavaporate to 
dryness, and wash the dry mass repeatedly with alcohol. A deep-red 
substance remains, which, when dissolved in water, furnishes a black 
precipitate upon the immersion of a plate of zinc. This, strongly 
heated with borax, assumes a white metallic lustre, and is rhodium. 

Rhodium is very difficult of fusion: its specific gravity is about 11. 
When pure, the acids do not dissolve it, but they act upon and dissolve 
several of its alloys, a circumstance which explains its presence in the 
nitro-muriatic solution of platinum. When an alloy of lead and 
rhodium is digested in nitro-muriatic acid, it is also readily dissolved, 
and by evaporation a red compound is obtained, from which chloride 
of rhodium may be separated by water. The rose-colour of this com- 
pound suggested the name which has been applied to the metal. Ber- 
zelius has shown that metallic rhodium may be oxidized by ignition 
either with nitre or with bisulphate of potassa, and that when heated 
with the latter, a double sulphate of peroxide of rhodium and potassa.is 
produced, which yields a yellow solution with hot water : in this way 
rhodium may be separated from platinum, iridium, and osmium. There 
is great discrepancy in the equivalent of rhodium given by different 
chemists ; according to thj|^test experiments of Berzelius, the number 
52 has been adopted. (Kt.2 Turner, 64 Thomson, 120 Gmelin^ 46 
deduced from earlier experiments.) 

Peroxide of Rhodium. 'When a mixture of finely-divided rho- 
dium, potassa, and a litUe nitre, is heated to redness in a silver cfnisible, 
and the product washed with water, and then digested in muriatic acid, 
a hydrated peroxide of rhodium, insoluble in the acid, remmns. 
When heated it becomes black, and probably is then the protoxide. 
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The peroxide is stated to consist of 


Rhodium . . 

. 1 

• « 

62 

81 

Oxygeit . . 

. 1 

• • 

12 

. . 19 


1 


64 

Too 


Perchloride of Rhoditjm was obtained by adding silicated fluoric 
acid to a solution of rhodio-chloride of potassium, as long as the double 
fluoride of potassium and silicium was generated, after which the 
filtered liquid was evaporated to dryness, and Qthe residue]] redissolved 
in water. This perchloride when dry has a dark-brown colour, is un- 
crystalline, and decomposed by a full red-heat into chlorine and metallic 
rhoifium. It deliquesces in the air into a brown liquid, and its aqueous 
solution has a fine red colour, whence the name rhodium (from a rose) 

is derived. (Ann.'de Chim. et Phys.^ xl., 51. Turners Elements^ 653.) 
This perchloride is represented as consisting of 

Rhodium . . . . • 62 . • 40 

Chlorine * . . . li . . 64 . • 61 

1 106 100 

In combination with the chlorides of potassium and sodium, this 
perchloride forms double salts. (rhodio-chUyrides.) They are composed 
of 1 atom, of the perchloride and 1 of the basic chloride 

SuLPHURET OF Rhodium is obtained by heating the metal in a state 
of . fine division with sulphur ; or by heating the triple muriate of 
ammonia and rhodium with sulphur: it is also precipitated by heating 
the solution of the latter salt with one of an alkaline hydrosulphuret. 
By the action of nitric acid it is converted into sulphate of rhodium. 
Alloys 'of Rhodium. Rhodium forms malleable alhys with the 
malleable metals, several of which ha^e been examined by Dr, Wollas- 
ton. {Phil, Trans,j 1804.) It has not been combined mth mercury. 

With steely rhodium forms an alloy, which probably would be very 
useful in the arts, were it not for the scarcity of the latter metal. 1 to 
2 per cent, of rhodium gives steel great hardness, and yet there is suffi- 
cient tenacity to prevent cracking either in forging or hammering. 
{Quarterly Journal^ ix., 328.) The extreme haidness and durability 
of rhodium induced Dr. Wollaston to suggest it for the nibs of metallic 
pens, a purpose to which it has been succei^ully applied. 

Characters of the Salts of Rhodium. These have as yet been 
but imperfectly examined. Those containing the peroxide are mostly of 
a red or orange colour ; they are precipitated by cyanuret of mercury, 
by ferrocyanurct of potassium, and by muriate of ammonia. The action 
of the pure alkalis upon them is very in^finite. According to Pfaff 
{Handbuch der Analyt, Chemie) the salts m the peroxide of rhodium 
yield a yellow flocculent precipitate, insoluble in excess of the precipitant, 
to the caustic alkalis: &ey are not precipitated by carbonated alkalis, 
nor by solution of muriate of ammonia, if there be excess of acid present : 
but the perchloride of rhodium yields a difficultly-soluble dingy-yellow 
precipitate, with excess of ammonia; muriatic acid redissolves it, and 
forms a red solution. . . 
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Osmium and Iridium ora contained in the black powder which remains 
after the action of nitromuriatic acid upon the ore of platinum. This 
residue, when fused with potassa and washed, furnishes a yellow alkaline 
solution of oxide of osmium. Saturate the alkali with sulphuric acid, 
pour the mixture into a retort, and distil. A colourless solution of the 
oxide of osmium passes into the receiver, from which almost all the other , 
metals throw down metallic osmium^. 

To obtain the oxide of osmium in a pure, solid, and crystallized 
state, grind together, and introduce, when ground, intO' a cold crucible, 
three parts by weight of the insoluble powder, and one part of nitre. 
The crucible is to be heated to a good red in an open fire, until the 
ingredients are reduced to a pasty state, when osmic fumes will be found 
to arise from it. The soluble parts of the mixture are then to be dish 
solved in the smallest quantity of water necessary for the purpose, and 
the liquor thus obtained is to be mixed in a retort, with so much 
sulphuric acid, diluted with its weight of water, as is equivalent to the 
potassa contamed in the nitre employed: but no inconvenience will result 
from using an excess of sulphuric acid. By distilling rapidly into a 
clean receiver, for so long a time as the osmic fumes continue to come 
over, the oxide will be coUected in the form of a white cruift^oh the sides 
of the receiver, and there melting, it will run down in drops beneath 
the watery solution, forming a fluid flattened globule at the bottom. 
When the receiver has become quite cold, the oxide will become solid 
and crystalline. One such operation has yielded 30 grains of the crys- 
tallized oxide, besides a strong aqueous solution of it. This may be 
agitated with mercu^, and the product washed with muriatic acid to 
remove the oxide of mercury which is formed. The osmium remains in 
the form of a black powder, which, acquires a metallic lustre by friction. 
In its densest state, its sp. gr., according to Berzelius, is 10. (^Ann. de 
Chim. et Phys., xl. and xlii.) When heated in the air it bums into' an 
oxide, and in its pulverulent state it is attacked by nitric acid ; but after 
exposure to a red-heat in close vessels, it becomes much less oxidable. 
The equivalent of osmium appears on the authority of Berzelius to be 
about 100, (99.7 Turner,) and he conceives it susceptible of five degrees 
of oxidizement. 

Protoxide OF Osmium (08+0) is obtained by the action of pure 
alkalis on the protochloride of osmium, or upon the osmio-chloride of 
potassium; it gradually falls in the form of a nearly black hydrate^ 
obstinately retaining a portion of alkali it dissolves slowly in the acids, 
forming deep-green or greenish-brown solutions. When heated in a 
close vessel it gives off water, but does not sublime. It detonates when 
heated with combustibles. Its equivalent is 108. 

Sesquioxide of Osmium (08+1^0) has not been obtained in an 
insulated state, but is produced in combination with ammonia, when the 

• * In reference to tlie history of osmiumil solution of platinum.’* Phil, Trans. 1 804 ; 
see Mr. Tennant’s paper On two metals and Dr. Wollaston’s paper in the PhU. 
found in the powder remaining after the Trans, for 1820. 
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binoxide is heated with excess of ammonia, nitrogen being at the same 
time eyolved. 

Binoxidb op Osmium. (OS+ 2 O.) When a saturated sdlution of 
bichloride of osmium^ or of the osmio-bichloride of potassium, is heated 
with carbonate of soda, the binoxide gradually falls ; it retains a little 
alkali, which may be remoyed by dilute muriatic acid ; if it then be 
washed and dried at 212°, it only retains water, which It giyes off when 
heated, and remains anhydrous. In this state it appears insoluble in 
the acids. Its equiyalent is 116. 

Tbroxide op Osmium (OS+ 3 O) is prepare4as the preceding, from 
the ierchloride. 

Peroxide op Osmium. (05+ 4O.) This is the yolatile oxide above 
adverted to, and is obtained by the combustion of the metal in oxygen, 
or by the action of boiling nitric acid, or by the fusion of osmium with 
nitre or with potassa. When osmium is heated, and a current of 
oxygen passed over it, white or yellowish crystals of the anhydrous 
peroxide arc formed: those dissolve slowly in water, and readily in 
alcohol and ether ; these solutions gradually deposit metallic osmium. 
Other combustibles deoxidize it ; by sulphurous acid its solution is ren- 
dered yellow, orange, brown, green, and lastly blue, colours corresponding 
to the different degrees of oxidizement. It stains the skin. It may be 
volatilized in hydrogen gas, but when its vapour and hydrogen are passed 
through a red-hot tube, it is reduced. It is reduced by sulphuretted 
hydrogen, and sulphuret of osmium is formed. The odour of the vapour 
of this oxide is very peculiar ; it has been by some compared to that of 
chlorine ; it is acrid, and poisonous ; when much diluted, it a little 
resembles the smell of new whtaton bread ; this is the origin of the 
term osmium^ from o<r/:A?, odor. It has no acid reaction, but as it combines 
with alkalis, and forms compounds which are permanent at high 
temperatures, it has sometimes been termed osmic acid. When infusion 
of galls is dropped into its aqueous solution, a very characteristic blue 
colour is produced, which Berzelius ascribes to a mixture of the j)eroxide 
and sesquioxide. The equivalent of this oxide is 100 + 32 = 132. 

OiiLORiDES OF Osmium. Berzelius has described four chlorides of 
this metal, corresponding in composition to the oxides. When chlorine 
is transmitted over heated osmium, a beautiful dark-green sublimate of 
proto^hloride of osmium is the result. This is succeeded by a red subli- 
mate, which is the bichloride. The scsquichloride and perchloride have 
not been obtained in a separate state, but Berzelius infers their existence 
in combination with muriate of ammonia, in certain osmio-chlorides of 
that muriate: he has also examined the double salts, produced by the 
union of the protochloride and perchloride of osmium with the chloride 
of potassium. 

SuLPHURETS OP OsMiUM. *Sulphur and osmium apparently combine, 
in several proportions, for sulphuretted hydrogen precipitates it from all 
its solutions. 

The remaining compounds of this remarkable metal have not been suffi- 
ciently examined, to enable us to give satisfactory details respecting them. 
A few of its alloys have been noticed by Mr. Tennant, and the characters 
of its salts will be sufl&cicntly obvious from the preceding statements. 
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§ XXXVL IRipiUM. 

This metd was discovered by Tennant in 1803, and about the same time 
by Descotils: the various colours exhibited by the muriatic solution of 
" its oxide suggested its name (from Iris^ the rainbow). The black powder 
which remains after native platinum bas'been digested in nitro-muriatic 
acid, consists chiefly of iridium and osmium ; titanium and chromate of 
iron also occur in it. To obtain iridium, this powder is fused in a silver 
crucible, With twice its weight of hydrate of potassa, for the space of an 
hour or more; the residue is washed, by which, as already stated, the 
oxide of osmium is removed, and the remaining insoluble portion k 
iridium^ which has been oxidized by the process of fusion. This oxide 
is soluble in muriatic acid, and the solution is blue, if free from iron, 
which communicates more or less of a green tint: when heated with the 
addition of a little nitric acid, it becomes red, probably in consequence 
of the peroxidizement of the iridium. When the muriatic solution of 
iridium is evaporated, it furnishes brown crystals, which are decomposed 
by a red-heat, and leave finely-divided metallk iridium. They form a 
reddish-brown solution with water, which, if concentrated and mixed 
with a saturated solution of muriate of ammonia, afford a dark-brown 
precipitate of the amnumio-muriate qf iridium. The solution of the 
chloride is decomposed by all the metds except gold and platinum, and 
metallic iridium precipitated. 

Iridium, obtained by immersing a plate of zinc into a solution of the 
chloride, or by violently heating tl^t salt, is of a whitish colour, and, 
according to Mr. Children, who succeeded in fusing it by means of his 
large Yoltaic apparatus, its specific gravity is above 18. Its most marked 
character is extremely difficult solubility in the acids: indeed, when pure, 
it is probably insoluble, although, when alloyed with platinum, a little 
is taken up by nitro-muriatic acid. Its equivalent, deduced from the 
experiments of Berzelius, is the same as that of platinum, namely 96. 

Oxides op Iridium. According to Berzelius there- are four oxides of 
iridium, separable from the corresponding chlorides by the action of 
alkalis. The blue oxide, or that which forms blue solutions with the 
acids, he considers as a compound of the protoxide and sesquioxide. 

Chlorides of Iridium. When iridium, heated nearly red-hot, is 
exposed to a current of chlorine, an olive-coloured protochloride is 
formed, which, at a temperature a little exceeding that required for its 
production, is reduced, ^e same compound is obtained in solution, when 
the hydrated protoxide is dissolved in muriatic acid. A sesquichloride 
is obtained by fusing iridium with nitre, digesting the product in nitric 
acid, washing the remaining oxide, and dissolving it in muriatic acid; it 
furnishes a £urk-brown solution, which, on evaporation, leaves a brown 
deliquescent and uncrystallizable residue. " The bichloride is produced by 
digesting the sesquicUoride in nitro-muriatic acid: its solution is brown, 
and, when evaporated at a temperature above 212% it loses chlorine and 
passes into sesquichloride. The perchloride has only been obtained in 
combination with chloride of potassium: it is red when in solution. 
These chlorides act as haloid acids, and form iridio-chlorides with the 
basic chlorides. 
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ScLPHUBBTS OF Ibidiuh, From the colour of the precipitates 
occasioned by sulphuretted hydrogen in the solutions of the preceding 
chlorides, it has been inferred that there are four corresponding sidphurets; 
but these and the other compounds of iridium are too imperfectly known 
to require further notice. 

§ XXXVII."^ GLUCINUM. 

Glucinum; Gltcium; orBERiLLtVM; was first obtained in 1828, by 
Wohler, by the action of potassium on chloride of glucinum. (See 
Aluminum.) It is a gray substance, having a slight metallic lustre, and 
very difficult of fusion. At common temperatures it is not acted on by 
air or water, but when heated in the air it bupis into glucina: it burns 
vividly in oxygen gas, in chlorine, and in the vapour of iodine and bro- 
mine. It combines^ with the evolution of heat and light, with sulphur, 
phosphorus, selenium, and arsenic. (Woliler, Ann. de Ch%m.^€t Phys.y 
1828.) Its equivalent is doubtful: that deduced from the experiments 
of Berzelius is about 18. (17-7) Turner and Gmelin.) 

OxiDB OP Glucinum, or Glucina, was discovered in 1798 by Vau- 
quclin, in the beryl: it also exists in the emerald of Peru, and in Euclase. 
It is white, insipid, and insoluble in water. It has no action on vegeta- 
ble colours; its specific gravity 2.97* It dissolves in caustic potassa 
and soda, but not in ammonia, and thus resembles alumina, but differs 
from yttria. Again it differs from alumina, but resembles y ttria, in being 
soluble in carbonate of ammonia; it is much more soluble in this solution 
than yttria. With the acids it forms saline compounds of a sweetish 
astringent taste, (hence the name; firom sweet,) It is not preci- 

pitated by ferrocyanuret of potassium. 

i. The beryl is found in primitive# rocks in many parts of the world, 
but especially fine in Siberia. It is usually transparent, and pale-green 
or blue. It crystallizes in six-sided prisms. 

ii. The emerald is principally found in Peru, crystallized in 'regular 
six-sided prisms, the edges or angles of which are sometimes replaced by 
facets. Its colour is green, and it is either transparent or translucent. 

iii. Enclose is a very rare crystallized mineral, originally found in 
Peru, but has since been brought in insulated cryst^s, from the Brazils. 
These minerals are composed as follows: (Yauquelin; Journal des 
Minesy Nos. 36 and 43.) 



Beryl. 

Emerald. 

Eucloae. 

SiUca 

68 

64.5 

44.33 

.... 

IS 

16.0 

31.83 

Glucina .... 

14 

13.0 » . 

23.84 

Oxide of cliromiuin 

• • 

3.0 

— 

Oxide of iron • • 

1 

• . 


Lime . • • • • 

2 

1.5 


Water and loss • . 

— 

2.0 

— 


100 

"loo 

100.00 


To obtain glucina from either of these minerals, proceed as follows; 
Reduce it to a fine powder, and fuse it with thrice its weight of pure, 
or carbonate of potassa; dissolve the fused mass in dilute muriatic msid, 
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and evaporate to dijmcss; by which the silica is rendered, insoluble: 
digest this diy residue in water acidulated by muriatic acid, and add 
ammonia, which throws down a mixture of glucina and alumina; wash 
the precipitate, and digest it whilst moist in excess of carbonate of ammo- 
nia, by which the glucina is dissolved, and, on filtering, the alumina 
remains behind: then boil the filtered liquid, and carbonate of glucina is 
thrown down, which washed, dried, and heated to redness, affords pure 
glucina. It consists of 

Benellns. 

Gludnum 1 • . 18 • • 89 . . 68.83 

Oxygen . 1 • . 8 . • 81 . . 31.17 

7 26 Too 100.00 

Chloride OF Glucinum is obtmned by dissolving glucina in muriatic 
acid, and carefully evaporating to dryness. Fluoride of Glucinum is 
formed in the same manner: after perfect evaporation to dryness of a 
solution of glucina in hydrofluoric acid, the residue is soluble in water. 

Nitrate of Glucina is diflicultly crystallizable, deliquescent, and 
soluble in alcohol. 

Sulphate of Glucina. When glucina is dissolved in excess of sul- 
phuric acid, evaporated till acid begins to escape, and then alcohol added, 
a crystallizable bisulpkate of glucina separates, the solution of which dis- 
.solves carbonate of glucina, and becomes a subsulphate^ which is not crys- 
tallizable, but which, after evaporation to dryness, is separated by the 
affusion of water into a neutral sulphate^ and an insoluble salt containing 
great excess of base. 

Phosphate of Glucina is precipitated in a gelatinous form when 
phosphate of soda is added to solution of chloride of glucinum. 

Carbonate of Glucina falls in the form of a bulky #occulent preci- 
pitate, which is light and soft when dried. 

Characters of the Salts of Glucina. These salts are astringent 
and sweet : they are precipitated by the caustic fixed alkalis, and the 
precipitate is re-dissolved by their excess, and sparingly by their carbon- 
ates : they are not precipitated by ferrocyanuret of potassium. A cha- 
racteristic property of glucina is, that when a warm solution is mixed 
wTth a warm solution of fluoride of potassium till a precipitate begins to 
appear, and the mixture then suffered to cool, a difficultly-solublc double 
sdt separates in the form of lamellar ciystals. (Berzelius.) 

§ XXXVIII. ZIRCONIUM. 

Sir H. Davy first demonstrated the nature of Zirconia^ and its metallic 
base was obtained by Berzelius in 1824 by acting upon the potasso- 
fluoride of zirconium by potassium. It is a black powder, having the 
appearance of plumbago, and not apparently conducting electricity. It is 
difficultly soluble in the acids, with the exception of the hydrofluoric, 
which readily dissolves it, evolving hydrogen. Heated in the atmosphere, 
it readily bums into zirconia. Its equivtdent, deduced from the analyses 
of Berzelius is about 22. 

Oxide of Zirconium ; Zirconia ; (jdT+0) yvoA discovered in 1789 
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by Klaproth: it is of rare occurrence, having only been found in the 
Zircon or Jargon (whence the name of this earth.) The zircon is a 
silicaieqf zirconia^ it ig found in Ceylon, and occurs in some sienitic 
rocks: when colourless and transparent, it ranks among the gems: 
when coloured brown or red, it is termed hyacinth or jacinth^ which 
also occurs in Ceylon, and is found m small ciystsds in the sand of the 
rivers of that island; also near Pisa in Italy; in Brazil, and elsewhere. 
These minerals contain about 70 per cent, of zircon, combined with silica 
and occasionally tinged by oxide of iron. (Klaproth, Beitrage.) Zirconia 
is obtained from them by the following processes. Reduce the colourless 
zircons to a fine powder, having previously heated them to redness, and 
quenched them in water. Mix the powder with nine times its weight of 
pure potassa, and gradually project it into a red-hot silver crucible, and 
keep it in perfect fusion for two hours. When the crucible has cooled, 
reduce the mass to a fine powder, and boil it in distilled water. Boil the 
undissolved residue in muriatic acid ; filter, and evaporate to dryness ; 
redissolve the dry mass in distilled water, and precipitate by carbonate of 
soda. The carbonate of zirconia which falls may be decomposed by heat. 

The following method of obtaining pure zirconia is recommended by 
MM, Dubois and Silveira. {Ann. de Chim. et Phys.^ xiv. llO.) Powder 
the zircons very fine, mix them with two parts of pure potassa, and heat 
them red-hot in a silver crucible for an hour. Treat the substance 
obtained with distilled water, pour it on a filter, and wash the insoluble 
part well ; it will be a compound of zirconia, silica, potassa, and oxide of 
iron. Dissolve it in muriatic acid, and evaporate to dryness, to separate 
the silica. Re-dissolve the muriates of zirconia and iron in water; and 
to separate the zirconia which adheres to the silica, wash it with weak 
muriatic acid, and add it to the solution. Filter the fluid, and precipitate 
the zirconia and iron by pure ammonia ; wash the precipitates well, and 
then treat the hydrates with oxalic acid, boiling them well together, that 
the acid may act on the iron, retaining it in solution whilst an insoluble 
oxalate of zirconia is formed. It is then to be filtered, and the oxalate 
washed, until no iron can be detected in the water that passes. The 
oxalate of zirconia is, when dry, of an opaline-colour; after being well 
washed, it is to be decomposed by heat in a platinum crucible. Thus 
obtained, the zirconia is perfectly pure, but is not affrcted by acids. It 
must be re-acted on by potassa as before, and then washed until the 
alkali is removed. Afterwards dissolve it in muriatic acid, and precipi- 
tate by ammonia. The hydrate thrown down, when well washed, is 
perfectly pure, and easily soluble in acids. (Other methods of proceeding 
are pointed out by Berzelius, Lehrbnch^ i.) 

Pure zirconia is a white inftisible substance, insoluble in water, spe- 
cific gravity 4.3. After having been heated to redness it scratches gh^; 
it resists the action of the acids, with the exception of the sulphuric, and 
according to Berzelius, the best method of rendering it soluble comdsts in 
mixing it in fine powder with sulphuric acid, diluted with its weight of 
water, and heating the whole in a platiaum crucible till the acid is eva- 
porated, but not to redness: the sulphate zirconia thus obtained is 
soluble in hot water. 

Hydrate of Zirconia may be thrown down from tikis solution by 
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caustic ammonia in the fonn of a bulky gelatinous precipitate, which if 
dried, or even washed with boiling water, loses its easy solubility; when 
exposed to a red-heat it becomes remarkably luminous after it has lost its 
water. This hydrate is sparingly soluble in the alkaline carbonates, and 
consists of 2 atoms of zirconia and 1 of water; ziiconia- being com- 
posed of 

Uanellut. 

Zirconium .1 . • 22 • . 73.3 • • 73.686 

Oxygen ... 1 . . 8 • . • 2a7 . . 26.314 

1 30 100.0 100.000 

Chloride of Ziroonidm is obtained in the form of a white fixed 
compound, by heating zirconium in chlorine. Hydrated zirconia dis- 
solves really in muriatic acid, and the solution yields, on evaporation, 
small acicular silky crystals of hydrated chloride^ soluble in water and in 
alcohol, but only sparingly soluble in muriatic acid. The anhydrous 
chloride cannot be obtained pure by heating the hydrate, for in that case 
it loses half its chlorine in the form of muriatic acid, whilst half the 
zirconium becomes zirconia. 

Fluoride of Zirconium. Zirconia dissolves readily in hydrofluoric 
acid, and yields, by slow evaporation, a crystallized ssdt, which, by the 
action of water, is resolved into a sub and super-salt. When solution of 
fluoride of potassium is added to excess of fluoride of zirconium, the solu- 
tion yields, on evaporation, small granular crystals, sparingly soluble in 
cold water, of potasso-jlitoride of zirconium^ consisting, according to 
Berzelius, of 


Potassium . 

... 1 

. . 40 

. . 29 

Zirconium . 

... 2 

44 

. . 32 

Fluorine . . 

... 3 

. . 64 

. . 39 


T 

m 

100 


When solution of fluoride of zirconium is dropped into excess of 
fluoride of potassium, an analogous triple compound is formed, containing 
2 atoms of potassium, 3 of zirconium, and 5 ^ fluorine. (Berzelius.) 

Nitratb of Zirconia is a very soluble and uncrystallizable com- 
pound: its solution dissolves hydrate of zirconia, and it is only imper- 
fectly decomposed by the addition of alkalis. 

SuLPHURET OF ZIRCONIUM is formed by heathig sulphur and zirconium 
in an exhausted vessel, or in an atmosphere of hydrogen ; in both cases 
light is emitted, and a pulverulent brawn sulphuret formed. It is inso- 
luble in nitric, muriatic, and sulphuric acid, feebly acted on by nitro- 
muriatic add, but dissolved and decomposed by hy^fluoric add. 

Sulphate of Zirconia. (zir-|-6^) This salt is formed by digesting 
zirconia with sulphuric acid and a little water; the mixture must ulti- 
mately be heated nearly to redness: the remaining sulphate is readily 

soluble in boiling water, and yields, on evaporation, a gum-like moss, 
widi no traces of crystallization; but if it be x^ssolved in sulphuric acid, 
the solution yields ciystals which are still a neutral sulphate, and which 
may be freed from adhering add by washing mth alcohol: they contain 
water of crystallization. Berzelius has aba described a disnlphaie^ a 
tris^sidphate^ on amnumUhsulphaie^ and a polasaa^wlphale qf ziirconia. 
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PiiospnATB and Carbonate of Zirconia are insoluble salts. 

Characters op the Salts of Zirconia. These^salts have an astrin- 
gent taste: they are precipitated by caustic potassa, and the precipitate 
is not soluble in excess of the alkali. When boiled with sulphate of 
potassa a subsalt of zirconia subsides. Infusion of galls produces in them 
a yellow precipitate, and phosphate of soda throws do^vn a white phos- 
phate of zirconia. The recently-precipitated carbonate of zirconia is 
soluble in excess of bicarbonate of ammoniii, or of potassa. 


§ XXXIX. YTTRIUM. 

In 1794, Professor Qadolin discoTcred a new earth in a mineral from the 
quarry of Ytterby, in Sweden, to which Ekebcrg, in 1797» gave the name 
of Yltrla. The mineral has since been termed Gadolinite. It is com- 
posed of yttria^ silica, and the oxides of iron and cerium. The following 
process fpr obtaining pure yttria is described by Yauquelin, in the 36th 
volume of the Ann. de Chim.^ p. 150. (Henry, ii., 648.) 

Fuse pulverized Gadolinite with twice its weight of potassa ; wash 
the mass with boiling distilled water, and filter. The filtered solution, 
which has a beautiful green-colour, yields, during evaporation, a black 
precipitate of oxide of manganese. When this has ceased to appear, 
allow the liquor to stand; decant the clear part, and saturate with nitric 
acid. Let the insoluble part be also digested vrith extremely dilute nitric 
acid, which will take up the soluble earths only, and will leave undis- 
solved the silica and oxide of iron. Let the two portions be mingled 
together, and evaporated to dryness; then re-dissolved and filtered; by 
which means any remains of silica and oxide of iron are separated. To 
obtain the yttria from the. nitric solution, it would be sufficient, if no 
other earth were present, to precipitate it by carbonate of ammonia; but 
small portions of lime, and of oxide of manganese, are still present along 
with it. The first is separated by a few drops of carbonate of potassa; 
and the manganese by the cautious addition of hydro-sulphuret of potassa. 
The yttria is then to be precipitated by pure ammonia, washed abundantly 
with water, and dried. It amounts to about 35, or, according to Berze- 
lius, 45 per cent, of the weight of the stone. It has been found also to 
foim about one-fifth of the weight of yitrotantalite^ and about one-twelfth 
of that of yttrocerite; and it occurs in the minerals termed Orihite and 
Pyrorthite^ and in ^eJUtoride and phosphate of yttrium. 

Berzelius obtains yttria as follows: Gadolinite in fine povrder 
solved in nitromuridtic acid, and the solution decanted from the deposited 
silica: crystals of sulphate of potassa are then added to it, and it is left 
for 24 hours: in proportion as the fluid becomes saturated by the sul- 
phate, a white or yellowish powder fells, which is a double sulphate of 
potassa and protoxide of cerium: tbis is separated, and the clear sidution 
neutralized by caustic ammonia, and the oxide of iron thrown down by 
succinate of ammonia. The precipitate is separated by filtration, and the 
clear liquid precipitated, by caustic ammonia, by which yttria (with a Ut^e 
oxide of manganese) is thrown down: the oxide of manganese may .lm 
separated by digesting this precipitate in a solution carbonate' 
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ammonia, filtering, and boiling, by which carbonate of yttria separates: 
this, being dried and heated to redness, leaves yttria. 

Wohler obtained yttrium in 1828 by dissolving yttria in muriatic 
acid, evaporating to diyness, and acting upon the chhride of yttrium so 
obtained by potassium: by washing the residue of this action, the yttrium 
remains in the form of gray me^lic scales, brittle, and resisting the 
action of air and water: when heated in air or oxygen it bums brilliantly 
into yttria, which shows slight marks of fusion; it dissolves in sulphuric 
acid and in solution of potassa, but not in ammonia: it combines with 
sulphur, selenium, and phosphorus. {PhiL Mag. and Annals^ v., 393.) 
The equivfdent of yttrium is probably 32. 

Oxide of Yttrium. +0.) Yttria is insipid, white, and without 
action on vegetable colours. Its specific gravity = 4.^2. It is insoluble 
in water, but very retentive of it. Insoluble in pure alkalis, but readily 
soluble in carbonated alkalis. In carbonate of ammonia it is much less 
soluble than glucina. It forms salts which have a sweetish austere taste, 
and which have been little examined. They are decomposed by. the pure 
alkalis, and by lime and baryta. Oxalic acid and ox^ate of ammonia 
throw down a white curdy precipitate from the solutions of yttria. Fer- 


rocyanuret of potassium occasions in them a gray granular precipitate; 
phosphate of soda a white gelatinous one; and tincture of galls throws 
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down brown flocculi. 




Yttria appears to consist of 



Bmaltiu. 

Yttrium ..." 1 

32 

. . 80 

. . 80.1 

Oxygen ... 1 

8 

20 

. . 19.0 

T 

Ho 

100 

100.0 


Chloride of Yttrium is soluble, deliquescent, and uncrystallizablc. 

Fluoride of Yttrium is*an insoluble compound;^ it occurs native^ 
combined with the fluorides of cerium and edeium, in the vicinity of 
Fahlun. iik- 

Sulphate of Yttru is crystallizable and of a pale-pink hue: it is 
remmkable for its tardy solubility in water. It forms a double salt with 
sulphate of potassa. 

Nitrate of Yttria is deliquescent, but by spontaneous evaporation 
it may be obtained in colourless ciystals* 

Phosphate of Yttria. The neutral phosphate is insoluble, and 
fusible before the blowpipe. When it is dissolved in an acid, and preci- 
pitated by ammonia, a basic phosphate falls. A native phosphate of 
yttria occurs near lindesness, in Norway. (See Berzelius, in respect to 
some peculiarities of this salt.) 

Carbonate qy Yttria is a light flocculent precipitate, sparingly 
soluble in excess of carbonic add, and in the carbonated dkalis. It 
decomposes ^d slowly dissolves in the salts of ammonia: dissolved in 
carbonate of ammonia it affords a crystallizable amnumuhcarhonate 
yttrin. 

Charaoters OF the Savtb of Yttria. They have a sweet astringent 
taste^ not unlike those of glodnai their specific gravity exceeds that of 
the other earthy sdts; some of . them, when ciystallize^ have an ame* 
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thystine tint, d^nrired probably from a trace of manganese. They are 
thrown down of a wUte colour by ferrocyanuret 6f potassium, and by 
caustic potassa, and the precipitate is not soluble in excess of the preci- 
pitant. Carbonated dlkalis, when added in excess, slowly redissolre the 
precipitate. The sulphate is the most characteristic salt. 

§ XL. THORINUM. 

This substance was discovered by Berzelius in 1828, in a rare and com- 
plex mineral, found in the Syenitic rock of the Isle of Lovon, near Brevig, 
in Norway. It contained about 58 per cent, of tkorina, (Poggend., xvi., 
387,) which was obtained as fetfows: the mineral in powder was digested 
in muriatic acid, which formed a gelatinous mass, which, evaporated to 
dryness, and digested in dilute muriatic acid, left silica. The muriatic 
solution was then freed from lead and tin, by a current of sulphuretted 
hydrogen, and the clear solution saturated by ammonia: this occasioned a 
precipitate, which was washed, dii^lved in dilute sulphuric acid, and the 
solution evaporated to a small bulk; during this evaporation sulphate of 
Ihorina was deposited, which, being washed with a saturated Solution of 
sulphate of potassa, was dissolved in boiling water, and decomposed by 
caustic potassa, which threw down the thorina in the state of a white 
powder. (^Ann, de Chim, et Phys,^ xliii., 5.) 

By passing a current of diy chlorine over a mixture of thorina and 
charcoal-powder, a crystalline chloride qf ihorinum is obtained, which is. 
easily decomposed by potassium, and the product is ihorinum* It is of a 
gray colour, metallic lustre, and apparently malleable. It is hot oxidized 
by hot or cold water, but when heated in the air it bums with great 
brilliancy into thorina, which is snow-white, and shows no traces of 
fusion. It is feebly acted on by sulphuric acid, and scarcely by nitric 
acid: it is not attacked by the caustic alkalis at a boiling heat. Muriatic 
sicid dissolves it, ivith the evolution of hydrogen. Its apparent equivalent 
is 60. (59.6 Turner.) 

Oxide op Thorinum. Thorina, {fh + 0,) obtained as above described, 
and after having been heated to redness, is white, and insoluble in the 
acids, with the exception of the sulphuric. When thrown doivn in the 
state of hydrate it dissolves readily, and exposed to the air absorbs 
carbonic acid. It probably consists of 

Thorinum ••••.1 .. 00 .. 88 

Oxygen 1 . . 8 . . 12 

1 08 100 . 

Thorinum combines energetically wdth chlorine, sulphur, and phos-^ 
phorus. The chloride has been above adverted to: the^iother’compoands 
have been but imperfectly examined. 

Thorina is distinguished from the other oxides by the fi^llowing pro- 
perties: from alumina aiid glucina by its insolubility in pure potassa; 
from yttria, by forming with sulphate of potassa a double salt, which^ k 
quite insoluble in a cold saturated solution of sulphate o^ potassa; ftom 
airconia, by the circumstance that this eftrth, after being precipitate firdm 
a hot solution of sulphate of potassa, is almost insolubto in wa^ mid tto 
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adds. Thorina ia precipitated also^ by ferrocyanuret of^potaasium, iwrhich 
does not separate zireonia solutions. Berzelius ^ reiQarked 

tfedt sulphate of thorina is muw more soluble in cold than in hot water, 
so that a cold saturated solution becomes turbid when heated, and in 
cooling, recovers its transparency. (Turner's El^enU^ 511.) 

§ XLI. ALUMINUM. 

The term alunnnum or abtmium has been applied to the metallic base of 
the earth alumina^ a substance of common occurrence in tlic mineral 
world, and of great importance in its applications to the arts. nature 
of alumina was discovered by Davy in |^08, {EUm. Chenn. Phil^ 355,) 
who found that potassa was generated by passing the vapour of potaflysium 
over white-hot alumina: he did not, however, determine the properties 
of iU base. This has since been niore. lMM:urately effected by Wobler, to 
whom we owe the following ingenious method of obtaining it (Ann. de 
Chim. ei Phyi.^ Jan. 1BS8, andPqggendorff, Annalen^ xi., J46). Chloride 
of aluminum is heated wiih^t^um in a small phtinum cnicible; the 
heat of It spirit-lamp is suificient, for when the substances begin <to act, 
tbe temperature suddenly rises to redness, and 'care should be taken sa |p 
adjust the relative proportions of materials, that none of the chloride^maj^K 
evaporated in an undccomgosed state, while at the same time tbesNlKiK^ould 
not be excess of alkali in the residue. When the crucible ii cold, its 
contents are well washed with cold water, byUvhich a finely-divided gray 
8ubstance|With a ceriain degree of metallic J^tre, is obtained, whicMs 
pure aluimbum. ^ 

Aluminum is extremely difficult of fusion; and although in the p^ 
rerulent state it does not apparently conduct electricity, it bccoin^|s 
conductor when its particles are aggregated by jjlkt. This, if not arisi% 
from imperfect contact, is an interesting fact, aniidiolds good also, "accord- 
ing to Wohler, in the case of iron, whioh^ dbes not conduct when in very 
fine powder. ^ Aluminum is not oxidized by exposure t6 air, but, when 
heat^ nearly to redness, it bums ix^ a pm4 whit^ substance, having 
the properties of alumina. When sprinkled into the flame ofia spirit- 
lamp it scintillates like iron-filings, and if, when red-hot, it be immersed 
in oxygen, it luimf with vivid light and intense heat: tlm result is fused 
alumina, apparently as hard at corundum.. 

Aluminum is not acted bn* by water ^t common temperatures, but 
when boiled it is slightly oxidized, and a little hydrqgen is evolved : the 
oxidizement is, however, imperfect and superfid^. It is not affected by 
nitric or sulphuric acids at common temperatures, but it rapidly dissolves 
in hot sulphuric acid, and sulphurous acid is evolved, llie dilute acid 
dissolves it with the evolution nfthydre^en, as is also the case with 
muriatic acid. It is soluble wim the emlutim of hydrogen' in caustic 
ammonia and potassa, and alkaline solutions of^umina are the re8ah& 
There is much difficulty in determiniiig the equivalent of sduminum, 
ariipng out of the different views that may be takeu^<ff the atomic 
Btitution of alumina^ wbod^is its only known oxide: some chemism 
itoiea and in tiiri caeftw number in between 9; and 

10^ woul^ represent pthers, firom the mudogy th^^bsisto 
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oK ibe oombinalioiis of alumina ana the peroxide of iioii 
ha¥|y|3|{BiJ^ld it as a sesquioxide ; and 4iere again a discrepancy in its 
eqiKlI^^ dependent upon its Being considered as composed at 1 
of ifltoimm and 1.6 oxygen^ or of 2 and 3. Gmelin has adopted the equi- 
valei!(|$, and Thomsoi^lO, regarding alumina as a protoxide: Dr. Turner, 
consiaerfng alumina as a sesquioxide, represents aluminum by the'' equi- 
valent 13.7, and then doubles that number in order that alunona may be 
regarded as consisting of 2 equivalents of aluminum and 3 of oxygen: now 
12 : 13.7 : • 8 ** 8.1, so that assuming alumina as a protoxide. Dr. Turner's 
number would be 0.1 . The equivalent 10 is more consistent with the 
experim^tal results of Thomson an(f of Berzelius than 9, and is therefore 
that which I have iidopted. . 

Oxide of Aluminum ; Sbsuuioxumb of Aluminum; Alumina, { ol + 0 .) 
To obtain pure alumina we decompose a solution of pure alum by excess 
of carbonate of potassa, wash the precipitate with repeated portions of 
hot distilled water, redissolve it in murine acid, precipitate it agsdn by 
ammonia, thorougUy edulcorate, and di^ the precipitate : it is rendered 
anhydrous by exposure to a red-heat. 4hire alumina may also be 
obtained according to Oay Lussac (Ann. de Chim. et Phys.^ v>IQ2,) by 
igniting ammonia-alum^ previously deprived of water of crystallization by 
heat: sulphate of ammonia evaporates, and alumina remains, perfectly 
white, and very soft to the touch. It readily blends with water, buf 
assumes its former properties after having been gently heated. Its 
extreme division, and thedlardness of its particles, observes Gay Lussaq^ 
might render it ilSeft^or polishing metal, and its whltene8%.for the pre- 
paration of colours. ' w 

Alumina is a colourless, insipid, insoluble powder, without action 
upon vegetal^e blues : its specihe gravity is 2. It has a strong attraction 
for moisture, which it rapidly absorbs from humid air, to the amojmt of 
one-third its own weight. JKI^n precipitated from its solution, and 
dried at a temperature of 60% it retains about half its weight of water ; 
this may be expelled by ignition. When mixed with water, alumina is 
characterized by the phuiHcity of the mixture ; and if the paste be dried 
in the air, and then heated, it shrinks considerably in consequence of the 
loss of water ; this shrinkagp was applied by Wedgwood to pyrometrical 
purposes. Alumina has a strong affinity for various organic com- 
pounds, and its use in the arts of dyeidg and calico-printing depends 
upon its attraction for different colouring-principles, and for ligneous fibre. 
If ammonia be added to a solution of alum in infusion of cochineal, or of 
madder, the aluminous earth falls in combination with the red colourings 
matter, and the supernatant liquor remains colourless. Colours thus pre- 
pared are called Lakes. 

Moist alumina is readily ^luble>^ig most of the acids ; but after the 
expulsion'of its water by a red-heat, it is much more difficuldy dissolved. 
It is very sparingly s<duble (when moist) in caustic ammonia; but 
potassa and soda readily dissolve it, and it is also soluble, to a Certain 
extent, in the aqueous solutions of baryta and strontia. The fixed alka- 
liiib solutions of alumina are decomposed by f^e acids and^by 
salts* Some of the earthy combinatio!fe of fdumina exist naiipe^ afiddn 
them it has jmia regarded as perfonning.dle pertof an acid; segbat th^ 

^ 3i 
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haye been called Ahtminates. Alumiiia is recognised by its solubHity in 
oonstic potassa; by the formation of octotfdral crystals of alum on eiapo*^ 
* rating its sulphuric solution with the addition of sulphate of potassa; and 
by the fine blue colour which it affords when moistened with nitrate of 
cohalt and strongly heated: this, according to Berzelius, is the most cer- 
tain test. 

The different hydrates qf alumina hare been referred to distinct 
atomic compounds, but their composition has not been satisiactorily 
ascertained: they occasionally occur native^ Regarding alumina as a 
protoxide, it consists of 


• 




Berzelius. 

Davy 

Alinninum 

1 

10 . 

05.5 

. . 5S.3 

. . 06 

Oxygen » . 

1 . 

. 8 . 

44.6 

. . 46.7 

. . 44 


1 

18 

100.0 

100.0 
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Native Alumina may be said to constitute the sapphire^ which occurs 
either colourless or pale-blue, is extremely hard, and occasionally crystal- 
lized: its specific gravity is about 4. The oriental ruby and the oriental 
topaz are red and yellow varieties of sapphire. These gems are mostly 
found in alluvial deposits in Ceylon and Pegu : they have also been met 
with in France and Bohemia. Corundum^ adamantine spar, and emery ^ 
are minerals also consisting chiefly of alumina, with less than 2 per cent. 
of oxide of iron, and a little silica. All these substances are extremely 
hard, being, in that respect, second only to diamond. 

Chloride of Aluminum. ((z2+C.) This compound has been men- 
tioned as a source of aluminum; it was obtained by Wohler, as follows : 
Alumina, in the state of pulverulent hydrate, is mixed into a paste with 
powdered charcoal, oil, and sugar, and this is heated in a covered crucible 
till the oiganic matter is destroyed: an intimate mixture of the earth 
with charcoal is thus obtained, which is introduced whilst Bot, into a 
proper porcelain or glass tube, placed in a convenient furnace: dried 
chlorine is then passed through it into a receiver attached to the other 
end of the tube, and the air being thus expelled, the tube is heated red- 
hot, and chlorine gradually passed into U: carbonic oxide is disengaged, 
and chloride of aluminum formed, which chiefly collects within the tube, 
and ultimately plugs it up. It is a crystalline translucent substance of 
the colour of ddmine; it fumes and deliquesces when exposed to air, 
and is eneigetically acted upon by water, which yields a solution of 
muriate qf ahmina. It is proba'bly a compound of one proportional of 
each of its oonstitoents. 

Chloratb of Alumina is a deliquescent salt. 

Iodide and Bromide of Aluminum have not been examined. 

Fluobide ay Aluminum. Hjdrate ei alumina readily dissoltes in 
hydrofluoric acid« and, on evaporation, a gummy substance is obtained, 
which bcm a rcd-bcot without entire decompositioni Berselius hae 
described iwoalumino^luorides pfOassium bbtai^ from mixed solutieipe 
of the two fluorides. Alumifuhjluoride qf sodium occurs native in* 
KryoUtSy a raip mineral hitherto found only in Gteenlaiid. 4 

Nmi^TB OF Alumina is very difficiritiy cxystaUizable, and generally 
obtained, on evaporating its solution, in Ae fbrm 6f a seqiitransparent 
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gum-like maM^ Terj deliquescent, and soluble in alcohol. When decom- 
posed hj caustic ammonia, a pasty precipitate separates, which is a 
subnitrate^ not decomposed by excess of ammonia. (Berxelius.) 

SuLPHiTRBT OF AimMiNUM (cd+S) is obtained by dropping sulphur 
upon incandescent aluminum, or by passing the Yapour of sulphur orer 
red-hot aluminum. A black compound is the result, which is decom- 
posed by exposure to air, and which, when thrown into water, deposits 
alumina, and evolyes sulphuretted hydrogen: it probably, therefore, 
contains one proportional of each of its components. 

Sulphate op Alumina (Al+^O formed by digesting hydrate of 
alumina in sulphuric acid, diluted with an equal bulk of water: the solution 
is evaporated and alcohol added, which throws down the sulphate. It 
dissolves in two parts of water, and forms small lamellar crystals, of a 
sweet and astringent taste. Exposed to heat, this salt loses water of 
crystallization to the extent of 46.6 per cent.^ and an anhydrous sulphate 
remains. By long exposure to a red-heat, the whole of the acid is 
expelled, lliis salt may be used as a test for potassa; for when it 
is dropped into a strong solution of that alkali or its salts, alum is thrown 
down. It consists of 

Alumma I • . 18 . 31 

Sulphuric acid . • . 1 • . 40 . 89 

1 ^ 1 ^ 

Tlic crystallized salt contains 


Alumina .... 

. 1 

18 

. . iai\ 

. . 53.4 

Sulphuric acid • . 

. 1 

. . 40 

. . 3R.7J 

Water .... 

. 6 

. . 54 

. . 48.2 

.. 4 a 6 


1 

112 

100.0 

100.0 


Sulphate of Alumina and Potassa; Common Alum; Potash Alum. 
3 ( Al -h + (P +8^) + S5 This useful salt is manufectured upon 
an extensive B<^e in Britain. Aluminous slaie^ which is mgillaceous 
slaty rock, containing sulphuret of iron, is roasted so as to oxidize the 
iron and acidify the sulphur: on lixiviating the roasted ore, a sulphate 
of alumina is obtained, which, with the edition of sulphate of potassa^ 
yields alum. The shahs or wastes of old coal-mines, which foil down in 
a decaying or decomposing state, yield, on lixiviation, considerable 
quantities of sulphate of alumina and sulphate of iron: the solution of 
these salts is evaporated at the alum-works, near Glasgow, in large brick 
cisterns, by carrying the flue of a furnace over its surfiMse, and^ when 
sufficiently concentrated, is run out into coolers, where the sulphate of 
iron crystallizes, and the sulphate of alumina, being the mu^ more 
soluble salt, remains in the mother-liquors: to these, sulphate of potassa 
is added, and they then yield crystals of alum, not at first pure, buf 
rendered so, and obtained in beautifully-perfect octo8dnd cfystals^ by 
recrystallization. The sulphate of potassa, required for this inanufoctutei 
is obtained by burning common sea-weed, collected upon tiie coast; the 
ash, or kelp^ contains sdts of potassium, which are purified by ciyalid^ 
lization: the mother-liquors, wbMi were formerly thrown awayi are liow 
resorted to as sources of iodine, 

3is 
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Alum has a sweet and astringent flarour, accompanied by some degree 
of acidity: it reddens vegetable blues; it dissolves in about five parts of 
cold water, and in rather more than its own weight of boiling water. 
The crystals, when heated, readily fuse in their water of crystallization, 
and when this is expelled by the application of a sufficient temperature, 
the dry alum becomes opaque and spongy, and in this state is generally 
termed burned alum. At a red-heat slum loses a portion of its acid. 
In its crystallized state, alum consists of 


Sulphate of slttmina • 

. 3 

. . 174 

. . 35.73 ^ 

Sulphate of potassa . 

. 1 

88 

. . 18.07 

Water . . . 

k • • • 

. 26 

225 

.. 46.20 



1 

487 

100.0 





ISerzeliui. Thomson. 

Alumina . . . 

. 3 . . 

54 

. . 11.08 . • 

10.76 . . 11.09 

Potassa . . • 

. I . . 

48 

. • 9.85 . . 

9.95 . . 9.86 

Sulphuric acid . 

. 4 . . 

160 

. . 32.62 . . 

33.74 . . 32.85 

^^^ater .... 

. 25 . . 

225 

. . 46.45 . . 

45.55 . . 46.20 


T 

487 

100.00 

100.00 100.00 


IIomberg’s Pyrophorus. When potash-alum is ignited with charcoal, 
a spontaneously-inflammable compound results, which has long been 
known under the name of Homberg's pyrophorus. The potassa is 
decomposed in this process, along with the acid of the alum, and pyro- 
phorus is probably a compound of sulphur, charcoal, and potassium, with 
alumina. 

Pyrophorus is most successfully prepared by the following process. 
Mix equ^ parts of honey, or of brown sugar and powdered alum, in an 
iron ladle, melt the mixture over a fire, and keep it stirred till dry; reduce 
the dry mass to powder, and introduce it into a common phial coated 
with clay, and placed in a crucible of sand. Give the whole a red-heat, 
and when a blue flame appears at the neck of the phial, allow it to burn 
about five minutes, then remove it from the fire; stop the phial, and 
allow it to cool, taking care that air cannot enter it. {See Sulphate op 
Potassa.) 

Sulphate of Alumina and Ammonia; Ammonia-alum. 

+ (A + St) + 85^.3 This salt is obtained exactly as the preceding, only 
sulphate of ammonia is substituted for sulphate of potassa: its atomic 
constitution also resembles that of potash-^um, and it is so similar in 
other respects^ that as far as mere appearance and more obvious properties 
are concerned, the two salts a^ not readily distinguished. This variety 
of alum was formerly much in dse, and the requisite ammonia was chiefly 

deiiTcd i^m putrid urine. When heated it loses water, then ammonia, 
and at a very high heat, its acid. 

Sulphate OF Alumina AND Soda; Soda-alum. [3(AL4’flO + (S + 
Sf) -I- 85^.3 In this salt sulphate f^soda takes the place of the sulphate 
of potassa in the comm<m alum: it crystallizes in octo^dra, which are 

hard and regular than those of potiash-alum, and effloresce in a dry 
air. {Quart. Jour.^ viii., 386.) It dissffl^s in about its own weigh^ of 
water."- ■ 
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SuLPHATB OP Alumina and Iron. This salt forms white silky crystals 
or fibres, composed of 4 atoms of sulphuric acid, 3 of protoxide of iron, 
1 of alumina, and 25 of water. (PhilUps, Ann. of Phil.^ v.) 

Some other double salts of alumina (subsalts,) hare been described 
by Biffault. {Ann. de Chim.^ xvi., 355.) 

Phospuubet of Aluminum is formed by passing the vapour of phos- 
phorus over red-hot aluminum. Exposed to air it smells of phosphuretted 
hydrogen, and it decomposes water. (Wohler.) 

Phosphate of Alumina is insoluble in water, but it dissolves in 
phosphoric acid, and yields, on evaporation a gummy deliquescent com- 
pound. When excess of ammonia is added to an acid solution of the 
phosphate, a subphosphale of alumina is precipitated, which is soluble in 
caustic potassa. The mine:^ called Wavellite is a hydrated subphosphale 
of alumina^ consisting of 2 atoms of alumina, 1 of phosphoric acid, and 
3 of water. The rare mineral, called ambligonxte^ found at Chimsdorff, 
in Saxony, is a double phosphate of alumina and liihia. (Berzelius.) 

Seleniuret of Aluminum is a black pulverulent compound, rapidly 
decomposed by water. 

Borate of Alumina may be formed by boiling recently-precipitated 
alumina with boracic acid: it is unciystallizable, and of a veiy ast^gent 
taste. 

Alloys of Aluminum. Aluminum probably exists in some of the 
varieties of cast-iron and steel. By fusing highly-carburctted steel with 
alumina, a peculiar alloy results, which is white, granular, and brittle, 
and which yields, on analysis, 6.4 per cent, alumina. On fusing 67 parts 
of this alloy with 500 of steel, a compound is obtained, which possesses 
all the characters of the best Bombay wootz^ and like it, when its surface 
is polished and washed over with dilute sulphuric acid, exliibits the 
striated appearance called damask^ for which the celebrated sabres of 
Damascus are remarkable, and which renders it probable that they also 
arc made of wootz. {Quarterly Journal of Science and ArtSy ix.) 

Characters of the Salts of Alumina. These salts have an 
astringent, sweet, and subacid taste; they are precipitated by the caustic 
fixed alkalis, but the precipitate is redissolved when they are added in 
excess. Sulphate of potassa, ^vith a little sulphuric acid, added to a strong 
solution of alumina, throws down a white powder, which is alum: phos- 
phate of soda produces a white flocculent precipitate of phosphate of 
alumina. Succinate of ammonia and infusion of galls occasion precipi- 
tates in strong aluminous solutions. 

§ XLII. SIUCIUM. 

From experiments upon the action of potassium upon sUicGy ISir H. Davy 
concluded that that earth consisted of a peculiar inflammable basis, com- 
bined with its weight of oxygen, and he called the basis Silicium. 

This estimate of the composition of silica *was deduced from th^ 
quantity of potassium required for its decomposition; the subject has 
since received further elucidation, and the correctness of the above state- 
ment has, to a great extent, bebn confirmed. 

In the year 1824> silicium was obtained in its pure state by Beraelius, 
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and ftom its properties, presently to be described, he has placed' it, 
oorrecily perhaps, among die simple non-metallic combustibles; indeed, 
it bears a strong resemblance to boron* Before, liowever, we remoYe it 
firmn the* class of* bodies with which it has usually been associated, it 
may be well to wait till its general characters hare been more satisfac- 
torily studied. From the ample account of this substance, giren by 
Berzelius, the following details are ohiefiy extracted. 

He recommends, as the best source of silicium, the sitico^uoride of 
potassium^ which is prepared by passing silico-fluoric acid into a solution 
of potassa, evaporating to dryness, and heating the residue nearly, but not 
quite, to redness. The salt thus obtained is to be well mixed with eight 
or nine-tenths its weight of potassiiUDa, and the mixture introduced into 
a green glass tube and heated: before it acquires a red-heat, its contents 
become ignited, in consequence of the chemical action that ensues^ and 
the potassium is burned at the expense of the silica; a brown mass is 
thus obtained, consisting of fluoride of potassium, siliciuret of potasaum, 
and a portion of the undecomposed salt: this is thrown into cold water, 
which occasions the evolution of hydrogen, resulting from the action of 
the siliduret, the potassium of whidb is converted into potassa, and the 
silicium set free. When the effervescence is over, and the fluid has 
become clear, it is poured off from the residue, which is again washed, 
allowed to subside, and separated by decantatioii as before. These first 
washii^ must be performed with cold water, ouierwise the alkali re-acts 
on the silicium, which, however, may now be thoroughly edulcorated 
with boiling water. It remains in the form of a dark-brown powder, 
infusible, and a non-conductor of electricity. Its properti^lpure remark- 
ably different before and after the application of a i^-heat: before it has 
been heated it bums easily in the air; but the superficial formation of 
silica prevents its entire combustion: in oxygen it bums brilliantly, and 
however carefully prepared, it always produces a little moisture. It is 
not acted upon either by sulphuric, nitric, or nitromuriatic acids, even 
when aided by heat. Liquid hydrofluoric acid readily dissolves it, 
evolving hydn^en: it is also dissolved when heated in a solution of 
caustic potassa. Silicium, after it has been heated (obtained, for instance, 
by wasbii^ that which has been parrially burned in the air, with hydro- 
fluoric add, to remove ihe superficial silica), sinks in sulphuric acid, is 
incombustible before the blowpipe and in oxygen, and is not acted on by 
hydroflnorio acid, nor by caustic potassa; but it is easily dissolved in a 
mixture of hydrofluoric and nitric adds. 

Silidum may be perfectly oxidized, and entirely converted into silica 
or silicic acid by mixing it with dry carbonate of potassa, and heating to 
redness ; it bums at the expense of the oxygen of the carbonic acid, 
and a silicate qf potassa is obtained. Fused nitrate of potassa has no 
action upon it ; but the addition of a little dry carbonate of potassa 
causes immediate deflagration: tiiis paradoxic^ appearance depends 
upon the dreumstance that the attraction of silidum' for oxygen is 
hi^nced by the presence of the alkali, whidi has a high attraction for 
silica; just as the effect of dne upon water is influenced by the presence 
of an add, having an attraction for the oxide of zine about to be pro- 
duced. (Wbonic add is so weak that it does not prevent the action of 
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the slkall ; and as riliciwn has a much stronger attraction for oxygen 
♦hn-ti carbon, it is oxidized at the expense of the carbonic acid. Nitric 
aoid, on the other hand, is a strong acid, which entirely prerents this 
action of the alkali in the saltpetre, upoif the silicium ; and silicium, at 
the temperature at which saltpetre foses does not become oxidized; 
but if the heat be raised to whiteness, the silicium is then speedily 
oxidized by the decomposition of the nitric acid, and intense combustion 
ensues. Heated with the caustic alkalis, silicium bums in the oxygen of 
the water which they contain. 

The equivalent of silicium has been variously estimated ; according 
to Berzelius, silica is composed of 51.6 oxygen, and 4S.4 silicium, and 
regarding it as a pfotoxide^ this would give 7*6 as the equivalent of 
silicium, for 61.6 : 48.4 : : 8 : 7-5« But Berzelius considers silica as a 
compound of 1 atom of base + 3 oxygen, hence ,22.5 is his equivalent 
of silicium, and silica wouM be represented by {Sl+ sO), or 22.5 +24^=: 
46.6. Dr. Thomson, whose views 1 shall adopt, regards silica as a 
protoxide, and as composed of equal weights of base and oxygen, so that 
the equivdent of silicium wiU be identical with that of oxygen, or, 8. 

Oxide of Silicium, Silica, or Silicic Acid, (si+0) Si, or sif, is a 
very abundant natural product. It exists pure in some varieties of rock-^ 
crystal^ and nearly pure in Jlinl*. It may be obtained by heating 

* The following are t£e principal nese. Prau or green {'liarte, contains 
'minerals containmg silica pure or nearly actinolite ; and lirgsoprase is tinged of 
so. a delicate apple-green by oxide of nickd. 

L Roek-crgtM Qr Quarto, which may Avanturine is a beautiful variety of 
be consider^' w pure silica. It ciys- quartz, of a rich brown colour, which, 
tallizes in the form of a sixHBided prism, from a peculiarity of texture, appears 
ended by six-sided pyramids ; some va- filled with bright spangles ; the finest 
rieties are perfectly transparent and specimens arc from Spain: it is often 
colourless; others white and more or imitated. Small crystals of quartz, 
less opaque. Its specific gravity is 2.6. tinged with iron, are found in Spain, 
It is so hard as to give sporte when and have been termed ITjracin/Ar o/ Cam- 
struck with steel, and is nearly infusible, postetta. 

The primitive crystal, which is very ii. Flinty Ckalcedongy Cameliany OngXy 
rare, is an obtuse rhomboid, the angles Sardongxy and Sloodslone or Iletioiropey 
of which are 94° 24', and 85° 36'. The and the numerous varieties of Agates, 
finest specimens are brought from ^lada- are principally composed of quartz, 
gascar and the Alps. The perfectly trons- with various tinging materials, 
parent crystals found near Bristol, and iii. Opal is among the most beautifiil 
in Cornwall, are sometimes called Brto- productions of the mineral world ; tt is 
M and Cornish diamonds. The fine a compound of about 90 silica and 10 
*crystals are cut into ornaments, and water, and is distinguished by its very 
sometimes used as a substitute for glass brilliant play of colours. The finest 
in spectacles ; they are then termed spfinmens come exclusively from Him* 
pehblesy and do not so readily become gary. There is a variety of opal colled 
scratched as glass. Hf^rophaney which isVhite and opaque 

Brown af3l yeUow crystals Quarto till immers^ in water ; it then reow* 
are found in great beauty in the moun- blCB the former* 
tain of Cairn Conn, in Scotland, and ' Common opal is usually of ft dirty 
are much admired for seal-stones, &c. : white, and does net exhibit the eoioars 
they are sometimes improperly termed of the noble opal; it oontains sOSea'and 
topazes. water, with a Utile oxide of jroa» and is 

Pvrp^ qmrla or amsthysty is tinged not qf unfrequent ooennrenoe. 
with a Utile iron and manganese. Hose aubBtimce called mMtg 
yuarta derives its colour from manga^ M^tant^ near Paris, ii neairly attmrte 
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colourless rock-<^tal to redness, quenching it in water, and reducing it 
to a fine powder ; in this state it is silica almost perfectly pure. E^se 
one part of this powder with three of potasssa in a silyer crucible. 
Dissolve the mass formed, in water, add slight excess of muriatic acid, 
and evaporate to diyness. Wash the dry mass in boiling distilled water 
upon a filter, and the white substance which remains is silica.*’ This is 
the usual process; but the earth obtained by simply reducing the colourless 
rock-ciystal to powder, is more pure ; it only contains a trace of oxide of 
iron and manganese, and of alumina. It is very difficult to separate 
the last portions of alkali ftom silica precipitated from potass^ A very 
pure silica may be obtained, by the fusion of fine white sand, or powdered 
rock-crystal, with carbonate of lime : the resulting compound of lime and 
silica may be decomposed by dilute muriatic acid ; and the silica, after 
having been duly waited, is in the form of a very light powder. When 
silico-fluoric gas is passed into water, the silica which is precipitated, 
after having been washed and dried, is also very pure, and in a state of 
extreme mechanical division. 

Silica, in its ordinary state, is a harsh white powder, insoluble in 
water and in most other solvents, and infusible except in the intense 
heat of the flame of a sjAdt-lamp, urged by the oxygen blowpipe : it 
then melts with difficulty into a colourless globule. Its specific gravity 
is 2.66. 

When recently precipitated^ and in die state of hydrate^ it is to a 
certain extent soluble in water and in the acids. The aqueous solution 
is tasteless, and, when evaporated, deposits gelatinous sfiica, wrhich, on 
being dried, becomes again quite insoluble: the acid solutions also 
exhibit no indication of saline combination, but when evaporated leave 
pure silica. Silica is often found in spring and mineral water ; and in 
the fountains of Beikum and the boiling Geysers of Iceland it is con- 
tained in such quantities as to be deposited by them in the form of a 
porous incrustation. According to the view of the atomic constitution 
of silica above suggested, it will consist of 

Benelins. 

Silicium 1 .. 8 .. SO . 48.4 

Oxygen ......I .. 8 .. SO .. S1.6 

1 16 100 100.0 

Chloride OP Silicium. Silicium bums when heated in 

chlorine, or when a current of chlorine is passed over red-hot silicium in 
a porcelain tube, and a filming liquid is the result, of a yellow colour, 
extremely volatile, and irritating to the nose and eyes, and which, 
exposed to moist air, forms muriatic acid and silica. Dropped into 

water it floats upon t^t fluid, and is then dissolved, depositing a little 
gelatinous silica: muriatic add is also formed. When potassium is 
heated in its vapour, it bums with the production of siliciuret and 
chloride of potassium. It consists of 

common opsL It is foand in Irregular duct, contains 78 ptt ani. of allies, and 
masses in a bed of day. much resembleB glass in appearance; 

iv. PUeh$U»^y so called from its and the difierent kinds of pumke are 
resinous appearance, contains 78 per nearly of similar composition* 
cetU, of mlka. a volcanic pro- 
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B^raelius. 

Silicium 1 . • 8 . 18.3 . . 17.3 

Olilonno •••a.l •• 38 • • 81.7 • • 82.7 

1 44 100.0 lOM 

loniDE OF Silicium has not been formed. 

Bromide of Silicium {si+b) was obtained by Serullas by passing 
the vapour of bromine over heated silicium : it is a colourless fuming 
liquid, heavier than sulphuric acid. It congeals at 10° and boils at 300°. 
It is decomposed when gently heated with potassium, with explosive 
violence ; ^ater converts it into hydrobromic acid and silica. (PAiY. 
Mag. and Ann.^ xi., 395.) 

Fluoride of Silicium. The only acid body which acts energetically 
upon silica is the hydrofluoric acid. The result of this action is a 
gaseous compound, wMch has been called Micated Jluoric acidy or Jlu<h 
silicic acid : it is brobably a binary compound of silicium and fluorine. 

To obtain this gaseous compound, three parts^f fluor-spar and two 
of powdered glass, or of silica finely powdered, are mixed in a retort 
with about an equal weight of sulphuric acid ; the gas evolved is to be 
collected over mercury, and when its production slackens, it may be 
accelerated by a gentle heat. The mercury and the glass vessels em- 
ployed must be quite dry. 

Silicated fluoric acid is a colourless gas ; its odour is acrid, much 
resembling muriatic acid ; its taste very sour ; its specific gravity is 
3.61 compared with air: 100 cubic inches weigh about 112 grains. It 
extinguishes the flame of a taper. It produces white fumes when in 
contact with damp air ; and when exposed to water it is absorbed, and a 
soluble compound of silica with fluoric acid is formed ; whilst a quantity 
of silica is at the same time precipitated. If the beak of the retort 
from which the gas is issuing be plunged into a basin of water, it is soon 
choked by the copious deposit of hydrated silica, which sometimes forms 
tubes through the water, by which the gas escapes directly into the air. 
When it is intended to saturate water with the gas (it t^es up about 
260 volumes), this effect may be prevented by agitation, or better by 
suffering the gas to escape through a stratum of mercury into water 
above it. 

Water thus saturated becomes a gelatinous mass, from which the 
acid liquor may be separated, by placing it, without pressure, upon a 
linen filter. The liquor is sour, and, when saturated with ^e fixed 
alkalis, becomes gelatinous, but not turbid; with baiytic salts it soon 
deposits a white precipitate. Saturated with potassa, and evaporated to 
dr^ess, it yields the sUico-jluoride ^ pciassiumy already adverted to as 
a source of silicium. It' is a hydmt^ silico-fluoric add, and when 
evaporated, gaseous fluoride of silicium escapes, and hydro-fluoric acid is 
evolved, so that, although the original aqueous solution does not act 
upon glass, it immediately does so when so far concentralupid by evapo- 
ration as to generate the free hydrofluoric add. 

When one volume of silicated fluoric add is mixed with two of 
ammonia, a total condensation ensues, and a dxy silicthftuate ammonia 
results, which is decomposed by the actiipn of water. Wheia 
fluoric gas is passed into liquid ammonia, the whole of the U 
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separated in the form of silica, and hydrofluate of ammonia remains in 
solution. Potassittm heated in this gas, bums, and produces silico- 
fluoride of potassium. 

Fluoride of silicium consists of 


Silicium . 
Fluorine . 

• 1 

. 1 

. . 8 
. . 18 

. . 30.8 
. . 09.2 

J. Davy. 

. . 30.7 
. . 09.3 

Derteliui. 

. . 29.32 
. . 71.68 


T 


100.0 

100.0 

100.00 


Siltco-Flvoride of Potassium, (po + s BZ + s/!) When this salt is 
formed by passing silicated fluoric acid into a solution of potaim, it foils 
in the form of an iridescent jelly which dries into a white powder, very 
sparingly soluble in boiling water, and yielding minute anhydrous 
crystals. It appears that in the formation of this sdt the potassa acting 
on the hydrofluoric acid forms fluoride of potassium, which combines with 
the fluoride of silicium, in the proportion of 1 equivalent of the former 
to 2 of the latter ; or that silico-fluoride of potassium consists of 


Potassium • . 

... 1 

40 

36.4 

Silicium . . . 

... 2 

. . 10 

14.6 

FLuorine . • . 

... 3 

. . 54 

. . 49.0 


I 

110 

100.0 


Silico-Fluoride of Sodium is obtained in the same way as the pptsia- 
rium salt, but falls more readily, and is not iridescent : it is more 
especially in hot water. It may be obtained in small shining cry0lBl% 
which arc anhydrous hexangular prisms. . « 

Silico-Fluoride of Barium is gradually frecipitated " wlicn silico- 
fluoric acid is mixed with chloride of barium, in anhydrous microscopic 
crystals, of difficult solubility in water. 

The silicajluorides of strontium^ caldumy magnesium^ and lead are 
formed by dissolving their carbonates in silica-fluoric acid. The salts of 
magnesium and of lead are very soluble. The silicajluorides of man^ 
ganeee^ iron, ziiw, cobalt^ nickel^ and copper^ are soluble in water, and 
crystallize in similar hexagonal prisms, probably isomorphous, which 
contain respectively 1 equivalent of the silico-fluoride, and seven equi- 
valents of water of ^ipystallization. 

SuLPHURBT OF l^iciuM. SiUcium when heated intensely, bums 
brilliantly in the vapour of sulphur, and a white earthy compound is the 
result, which is not affected by diy air, and when heated to redness is 
slowly decomposed, with tlie production of sulphurous acid. It is rapidly 
decomposed by water ; in moist air it exhales sulphuretted hydrogen, 
. and that gas is abundantly evolved by its action on water, whilst the 
silica is retained in aqueous solution, and no sulphur is deposited : hence 


it consists of 

BctMltUS. 

Silicium . • • • . I • • 8 . • 38*8 . • 30 

8ulphiir> 1 . . 16 . . 1MI.5 . . 70 


1 24 100.0 100. 

PaoBrauRET OF Silicium has not been formed. 

OARBuiurr OF SnaciUM. When fho potassium employed in the 
reduction of silica contains carhon, the remlting silicinm is partly in the 
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of carburet; it has a dark colour, and gives off caibonic acid 
when burned* 

Alloys of Silicium. Berzelius remarks that silicium only combines 
with the metals when in its nascent state, and that when once insulated 
no such compounds can be formed. When silica is reduced in contact 
of platinum, it becomes penetrated by silicium ; but silicium may after- 
wards be heated white-hot in a platinum crucible without any such effect. 

Salts of Silicium. It is obvious from the preceding statement, that 
there are no salts, properly so termed, in which the oxy-acids are com- 
bined with silica, but that silicium forms haloid coInpounds. But silica 
readily combines in the manner of an oxide or acid, with many of the 
salifiable bases ; hence the term silicic acid applied to it, and silicales to 
its compounds. Of these compounds several are most importantly useful, 
and many of them are found as natural products, forming crystallized 
minerals, and parts of the strata or rocks that constitute the exterior 
crust of our globe. Glass, pottery, and porcelain, in all their varieties, 
are combinations of silica, and it is an essential ingredient in soils. I 
shall first describe some of the best-defined silicates, and then advert to 
the manufactures in which it is concerned, and conclude witn an outline 
of the nature and composition of soils. 

Silicate of Potassa. When 1 part of silica and 4 of caustic potassa 
are fused together, and slowly cooled, a part of the compound may be 
poured out of the crucible before the wWe has solidified, and pearly 
crystals are formed in the residuary portion, which are apparently com- 
posed^of 1 atom of silica and 1 of potasSa. (Berzelius.) When 1 part 
of silica and 2.5 of carboaiate of potassa are fused together, the carbonic 
acid is expelled, and a bisilicate of potassa is the result. (H. Bose.) 
These silicates are soluble in water, forming the liquor silicum of the 
older chemists. This solution may also be obtained by digesting gelati- 
nous hydrate of silica, or veiy finely divided silica in solution of potassa: 
the silica is thrown down from these solutions in the gelatinous state, by 
the acids. When potassa and great excess of silica are fused together, a 
species of glass is the result, which however is still acted upon by water; 
this solubility is greatly impaired by the presence of lime and dumina. 
The atomic composition of the different vitreous compounds that may be 
thus formed, cannot be ascertained, but they generally contain from 15 
to 20 equivalents of silica to 1 of potassa. T^en 15 parts of sUica, 10 
of carbonate of potassa, and 1 of powdered charcoal, are fused together 
for about six hours, a vitreous compound is obtained, which when dis- 
solved by boiling in water, filtered, and concentrated by evaporation, may 
be used to render wood, paper-hangings, scenery, and other such artides, 
incombustible: it may be mixed with alutkiina or chalk, and applied in 
the maimer of a paint. (Fuchs., Schweigger s Journal^ xxiv., 378.) 

Silicate of Soda. The compounds of silica and so^ are in all 
respects analogous t^the preceding, but as carbonate of soda is not 
deliquescent, some of^ the soluble vitreous compounds which it fonns 
effloresce on exposure, instead of running into a liquid, or lemaining 
moist upon the surface. A solution of silica in so^ has lately been 
employed as an addition to soap; it is said to improve its 
powers. 
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SaicA^ OF Lime. Silica and lime may be combined by fusion, but 
tbe results of their mutual action have not been minutely examined. 
Under the article Oi<as8, in Aikin*s Dtcitonaty^ some valuable facts ivill 
be found in reference to these combinations. There are some minerals, 
and among them table-spar (composed of 50 silica, 45 lime), which are 
silicates of lime*. 

Silicate of Baryta. Two parts of silica and one of Imryta fuse 
together into a porous slag. A similar combination may be obtained 
with sironiia. 

Silicate of MAGiiisiA. Several miner^s appear to be definite com- 
pounds of silica and magnesia. Olmn^ or chrysMte^ is a simple silicate of 
magnesia (M+5t^) with variable proportions of oxide of iron. Steatite 
is a tersiHeate of magnesia (M-l-a ^^4 meerschaum a hydrated bisi- 
licate. According to Morveau, silica and magnesia may be combined by 
fusion at a white-heat. 

Silicate op Lime of Maonp.sia. Pymrewe, or augite^ is a crystallized 
mineral composed of 1 atom of bisilicate of lime, and 1 of bisilicate of 
magnesia, ^metimes oxide of iron replaces part of the magnesia. Similar 
ci^*stals are occasionally found in the slags of iron>fumaecs« and may also 
be formed artificially. (Mitscherllch and Berthier, Ann. tie Chim. et Phgs.^ 
xxiv., 355.) Equal parts of lime, magnesia, and silica, may be fused into 
a green glass, which strikes fire with steel. (Achard.) Amphiboly or 
Hornblende^ may Ik: regarded as a compound of 1 atom of tersilicate of 
lime, and 3 of bisilicate of magnesia (with oxides of iron and manganese). 

Silicate of Manganese. Tliis compound occurs native in Dalecartia. 
The red siliceous manganese is a bisilicate of the protoxide of manganese. 
(MAft + sdi'.) 

Silicate of Iron. A silicate and bisilicate of protoxide of iron is 
found in the slag from the smelting of the fcrro-sulphurets of copper. 
Davy found the ochraceous sediment of the chalybeate springs of Lucca 
to consist of silicate of peroxide of irony the water probably holding a 
protosilicate in solution. There arc several other minerals which arc 
silicates, or hydrated silicates of iron. 

Silicate of Zinc occurs native under the name of electric calamine: 
it crystallizes in rhombic prisms, composed of 2 atoms of silicate of oxide 
of zinc, and 1 of water. 

SiucATE OF Copper is thrown down upon the mixture of sulphate or 
nitrate of copper with silicate of potassa. It occurs native in dioptasCy or 
copper^etneraldy which is apparently composed of 2 atoms of oxide of 
copper, 3 of silica, and 2 of water. 

SiucATE OP Lead. This compound exists in flint-glass, and is often 
used as a g^aze for porcelain ok earthenware, hence the poisonous quality 
conferred upon certain articles of ibod, when kept in earthen vessels thus 
glazed. A silicate of lead is easily formed (of variable composition) by 
ftisuig silica with oxide of had; a ye&ow g^ass i||||^e result. Some of 
the Chinese figures (often be made oS ricey are a glass composed 
of 41 oxkle of lead, 30 rihca» 7 alnminiA (Kli^th.) 

Apophyllite is a kgdeaisd siU^ts qf i limej luid 16 water, [ (P+ 3 (fi 

Ume and poteMo, eompeMd of 1 atom I 
ieisiltcate of potasse, 8 of terriBoele of r 
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Silicate of Alumina. The different kinds of clay ore prohabl; mix- 
tures, rather than compounds, of silica, alumina, and water The 
mineral called Cjfaniie (Disthene), which ^is not uncommon in primitiyc 
rocks, is a disilicate of alumina (s Al+^0* Andalusite is also a silicate 
of alumina. * 

There are many ternary and quaternary silicates in the mineral king- 
dom, a few of which I shall here enumerate, selected chiefly from the 
account of them given by L. Gmelinf. Topaz = 2 silicate of alumina + 

1 fluoride of aluminum. Felspar = 1 tersilicate of potassa + 3 tersilicate 
of alumina. Leucite ='1 bisilicate of potassa + 3 bisilicate of alumina.' 
Mica^ a silicate of alumina with tersilicate of potassa. Pinit = 1 ter- 
silicate of potassa 4* 8 silicate of alumina (and oxide of iron). Albite ==; 1 
tersilicate of soda + 3 tersilicate of alumina. Sodalite =4 cUoride of 
sodium + 2 silicate of soda + 6 silicate of alumina. Nephelin = 1 silicate 
of potassa + 2 silicate of soda + 12 silicate of alumina. Analcime i:=z 1 
bisilicate of soda + 3 bisilicate of alumina + 2 water. Natrolite = 1 
tersilicate of soda + 3 silicate of alumina + 2 water. Petalite cr 1 tersi- 
licate of lithia + 3 tersilicate of alumina. Spodumene = 1 bisilicate of 
lithia + 4 bisilicate of alumina. Barytic Harmotome =; 1 quatersilicate 
of baryta + 4 bisilicate of alumina + 6 water. Axinite = 1 bisilicate of 
lime 4 3 silicate of alumina (with oxide of iron, manganese, and boracic 
acid ?) Prehnite 1 silicate of lime + 3 silicate of alumina. Stilbite=: 

1 tersilicate of lime + 3 tersilicate of alumina + 6 water. Chabasite zs: 1 
bisilicate of lime + 3 bisilicate of alumina -f 6 water. Laumonitezzi l 
bisilicate of lime + 3 bisilicate of alumina 4 4 water. Emerald, £= 1 ter- 
silicate of glucina 4 2 tersilicate of alumina. Euclase == 1 sil|cate of 
glucina 4 2 silicate of alumina. Zircon = silicate of zirconia, or Ldlica 
4 1 zirconia. Sphefie zn 1 tersilicate of lime 4 1 sesquititanate of lime. 

Pottery and Porcelain. The better kind of pottery^ called in this 
country Staffordshire ware^ is made of an artificial mixture of alumina 
and silica; the former obtained in the form of a fine clay, from Devon- 
shire chiefly; and the latter, consisting of chert or flint, which is heated 
red-hot, quenched in tvater, and then reduced to powder. Each material, 
carefully powdered and sifted, is diffused through water, mixed by 
measure, and brought to a due consistency by evaporation: it is then 
highly plastic, and formed upon the potter's wheel and lathe into various 

* The best clays for the purposes of preceding for fusion; when burned it is 
pottery 'consist of about 3 proportionals of of a cream-colour, and used fi>r tobacco- 
silica and 1 of alumina; or by weight 46 pipes and white pottery. 4. Potters^ 
and 1 8 . The following ore the principal is of a reddish or giaycolour, aad becomes 
varieties used here. 1. Poreelmn Clay^ red when heated; it fui^ at a br^ht red- 
derived principally fiom the decomposi- heat : mixed with sand it is manunctured 
tion of feldspar, and containing silica and into red bricks and tiles, and is also used 
alumina, sometimes with traces of oxide fi>r coarse pottery, 
of iron; it is very difficult of fusion. 

2. Mwly Clay^ which, with silica and f The numbers imply atoms or ^ui- 
alumina, contains a pomon of carbonate valents, according with those above given, 
of lime; it is much used in making pale It is obvious that ve^ diffbreni views 6f 
bricks, and as a manure; and when highly the atomic constituUon^ minerals may 
heated enters into fusion. 8 . Pipe Ckty^ be taken, from those pven in the text: 
which is very plastic and tenadous, and and as yet we have no mqpisrimdits^^^ to 
requires a higher temperature than the guide us in our de<monii ihis point 
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drculftr resseb, or moulded into other forms, which, after having been 
dried in a warm room, are enclosed in baked clay cases resembling band- 
boxes, and called seggars; these are ranged in the kiln so as nearly to 
fill it, leaving only space enough for the fuel; here the ware is kept red- 
hot for a considerable time, and thus brought to the state of biscuit. 
This is afterwards glazed^ which is done ^ by dipping the biscuit-ware 
into a tub containing a mixture of about 60 parts of litharge, 10 of clay, 
and 20 of ground flint, diffused in water to a creamy consistence, and 
when taken out, enough adheres to the piece to give on uniform glazing 
when again heated. The pieces are then again packed up in the seggars, 
with small bits of pottery interposed between each, and fired in a kiln as 
before. The glazing-mixture fuses at a very moderate heat, and gives an 
uniform glossy coating, which finishes the process when it is intended for 
common white ware.** (Aikin*s Dictionary. Art. Pottery.) 

The patterns upon ordinary porcelain, which are chiefly in blue, in 
consequence of the facility of applying cobalt, are genetally first printed 
off upon paper, which is applied to the plate or other article while in the 
state of biscuit; the colour adheres permanently to the surface when heat 
is properly applied. 

liie manufacture of porcelain is a most refined branch of art ; the 
materials are selected wifti the greatest caution, it being necessary that 
the compound should remain perfectly white after exposure to heat: it is 
also required that it should endure a very high temperature without 
fusing, and at the same time acquire a semivitreous texture and a peculiar 
degree of translucency and toughness. These qualities are united in some 
of the oriental porcelain, or China, and fai some of the old Dresden, but 
they are rarely found co-existent in that of modem European manufac- 
tare. Some of the French and English porcelain, especially that made at 
Sevres and at Worcester, is extremely white, and duly translucent, but it 
is more apt to crack by sudden chaises of temperature; more brittle, and 
consequently requires to be formed into thicker and heavier vessels; and 
more fusible than the finest porcelains of Japan and China. 

The colours employed in piunting porcelain are the same metallic 
oxides used for colouring glass, amd in all the more delicate patterns 
they are laid on with a camel-hair pencil, and generally previously 
mixed with a little oil of turpentine* Wh^re several colours are used, 
they often require various temperatures for their perfection ; in which 
case those that bear the highest heat are first applied, and subsequently 
those which are brought out at lower temjMRratures. Ihis art of painting 
on porcelain or in enamel is of the most delicate description; much 
experience and skill are required in it, and with every care there are 
frequent ftdlures; hence it is attended with considerable expense. The 
gilding of porcelain is generally prformed by applying finely-divided 
gold mixed up with gum-water and borax; upon Ae application of heat 
the gum boms off, and the hmoL vitrifying upon the sur&ce causes the 
gold firmly to adhere; it is afterwards burnished. 

Cruoiblei. In the manufiicture of various kinds of pottery employed 
in the chemicil laboratory, and eq>ecially in regard to crucibles, many 
difficulties <^Bcur; and many requisites are necessary, which cannot be 
united in the same vessels to die late Mr* Wedgwo^ we are indebted 
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for TUflit improyemente in Ais as well as in other branches of the art.* 
Crucibles composed of one part of pure clay mixed with about three 
partsrof coarse and pure sand, slowly dried and annealed, resist a yery 
high temperature wi&out fusion, and generally retain metallic substances; 
but where the metals ore suffered to oxidise, there are few which do not 
act upon any earthen yessel, and some cause its rapid fusion, as the oxides 
of lead, bismuth, &c. Where saline fluxes are used, the best crucibles 
will always suffer, but platinum may often be employed in these cases, 
and the chemist is thus enabled to combat many dif^ulties which were 
nearly insurmountable before this metal was thus applied. Whenever 
siliceous and aluminous earths are blended, as in the mixture of clay and 
sand, the compound softens, and the vessel loses its shape when exposed 
to a long-continued white heat, and this is the case with the Hessian 
crucibles : consequently, the most refractory of all vessels are those made 
entirely of clay, coarsely-powdered burned clay being used as a substitute 
for the sand. Such a compound resists the action of saline fluxes longer 
than any other, and is therefore used for the pots in glass-furnaces. A 
Hessian crucible lined with purer clay is rendered much more retentive ; 
and a thin china cup, or other dense porcelain, resists the action of saline 
matters in fusion for a considerable time. Plumbago is a very good 
material for crucibles, and applicable to many purposes: when mixed 
with clay it forms a very difficultly flisible compound, and is protected 
from the action of the air at high temperatures ; it is well calculated for 
small table-furnaces. Wrought-iron, and the best cast-iron crucibles, are 
used for the fusion of several metallic substances which melt at a bright 
red-heat. The latter are used in the Mint for the frision of silver; the 
gold is melted in black-lead or plumbago-pots. 

Lutes. Under the term Lutes a variety of compounds are used by the 
practical chemist for the purpose of securing the junctures of vessels or 
protecting them from the action of heat. Slips of wetted bladder, linseed 
meal made into a paste with gum-water, white of egg and quicklime, 
glaziers' putty, which consists of chalk and linseed oil, and fat lute^ com- 
posed of pipe-clay and drying oil, well beaten to a stiff mass, are very 
useful lutes for retaining fomes and vapours and joining vessels to each 
other, but earthy compounds are requir^ to withstand the action of a high 
temperature. Windsor loam, or an artificial mixture of clay and sand 
well beaten into a stiff paste, and then thinned with water and applied by 
a brush in successive layers, to retorts, tubes, gun-barrels, &c., enables them 
to bear a very high temperature ; if a thick coating is required, great cai|» 
should be taken that the cracks are filled up as it dries, and ofter. a litt]^ 
tow mixed up with the lute renders it more permanent and applicable. 
the lute is intended to vitrify, as for instance, to prevent the porosity of < 
earthenware at high temperatures, a portion of borax or of red4eod 
may be mixed up mth it Respecting the’wlection and managemwt 
of crucibles, lutes, &c., the reader is referred to Mr. Faradayi^e 
latm. 

Mortars and CEifBNTS. Mortar^ or the cement lii^ in bdilding, ik 
a compound of sevei^ earthy substances, one of which i#aiws^^ 
for much valuable information relating to this important subject wo 
indebted to the late Mr. Smeution^ {History if the 
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.ttod an exceUeiit4lluaa^ prindpol firsts coiiii^ 

found in AikinV^ii^imafy. (Art. The ordinaiy mode of 

making mortar ebnsists in miidmg h on of common sand ^ with 
daked^ lime, without nny careful attentmn to the ^ 

the materials; but it has been shown by Mr. Snieaton, that the presence 
of unbumt clay prerents the induration of the mortar^and the sand used 
in London always contains it; the lime too is often imperfectly burned 
and seldom duly selected ; that which contains a p^on of alumina and 
oxide of iron being preferable to the purer varieties: hence the advanti^ 
of Dorking lime, or meagre lime^ as it is usmdly called. The sand shoidd 
be sharp and laige grained, and perfectly fice from ^t, which always 
prevents the mixture from becoming hard. The addition of calcined fer- 
ruginous clay, or calcined basalt, or black oxide of iron, gives morfCr the 
property of becoming hard under water. 

The mutual action which the substances constituting the different 
kinds of mortar undergo, has hitherto been but imperfectly examined by 
the chemist; to M. Yicat we are indebted for a curious and important 
series of investigations upon this subject, and his work may be consulted 
with much advantage, by those who are concerned in investigations of 
this nature. (Recherches Expcrbnentales sur les Ckaux de Construction^ 
les Betons^ et les Mortiers ordinaires. Paris, 1818.) . ^ » 

Manufacture of Glass. Of this important and^ao^itisive subject I 
have only room for a veiy brief outline: for details I i 9 i^t refer to the 
authorities quoted, and to the volume of Dr. Lardner*s Cyclopasdia^ which 
treats upon the manufacture of glass and pottery^. 

Glass is essentially a compound of silica with potassa or soda, a 
variety of other substances being CccasionaUy added for particular pur- 
poses, among which oxide of lead is perhaps the mbst important. The 
silica used in the manufacture of glass is of various degrees of purity ; 
fine white sand is generally employed in this country; flints, and the 
white quartz pebbles, abundant in some rivers, are also occasionally used. 
The alhali is either potassa or soda ; purified soda or pearlash being pre- 
ferred for fine glass; while less pure alkalis, sudi as wood-ash, l^rilla, 
and kelp, are used for common glass, where the impurities' cem^ned in 
those substances are of no importance. The aUrhli alwt^ used in the 
state of carbonate, but it loses i^oarbonic acid combination w^ith 

the silica; the quantity employed is about half the wmght of the silica, but 
there is some loss during the process, by evaporation*. 

* All common glass when reduced to which had lain in a wet cellar near the 
a fine powder is more or less acted on by Bank, npwiurds of 150 years, having 
boiling water, which separates the alkalb %een deposited there (as ciromnstances 
and its entfre disintegration seems only nroved) previous to ^e great to of 
tobe preventedby the insolubility of the London ^ 1060. The glass was soft and 
silica. Indeed, if finely-powderM flinV* toatly corroded upon the surfree, in 
glass be placed upon turmeric%aper and Consequence of the abstrimtion Of its al- 
merelymiAtoedi it poweifiilly reddens kali. The wine appeared to have been 
the test. P|ss which has long been Malay and Clarets the fatter had pe- 
exposed ^^wea^^ frequently exhi* rished,^bnt the foimer was still vinous, 
bits a bemipbl iridescent appearance. See Quarterly Journal, xx. 262, where 
and Is so wr decayed tbai it may bo there is a paper on the solubility of glass, 
scratehed vdth the nsllt several years by Mr. T. Griffiths, 
ft ago 1 examined smne bottles of wine 
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A ii^poBed flolely of iflloa and alkali requites a Tery Ugli tem- 
peratme for its perftet fttirion, aa^ is difficult to U^rk, so that rarious 

suHitancea are added, with of forming a more fusible, 

colourless, densCy^d transparent compound; oxid$^ lead^ in |ihe form 
of Ijjthaige er mimqm, is very efficacious in this respect; it increases the 
Visibility of the Compound, gives it greater tenaciousness when red-hot, 
increases its rcfiactive power, and enables it to bear sudden changes of 
tempemture. It ii a copious ingredient in the London Jlint-glass^ cele- 
brated for its brilliancy when cut, and used for most optical purposes 
But lead, though it confers these advantages, is productive of some evil; 
it renders the g^ass so soft as easily to scratch, and* so fusible that it 
softens at a dull red-heat, a quality which, though sometimes desirable, 
is often disadvantageous iu its chemical applications. It is also very 
difficult to obtain a mass of glass containing lead, of equal density 
throughout; it is generally wavy, a defect especially felt in selecting glass 
for optical purposes. 

!^racic acid and borax forukan admirable flux for glass-making, but 
the expense of those materials confines them almost entirely to the 
manufacture of artificial gems, or of glass applicable to particular purposes 
only. 

Black oxide of manganese has long been used in glass-making; it was 
formerly called glass-soap^ a term implying its power of ejeansing certain 
impurities, and especially the green tinge wliich is apt to arise from 
impure alkali ; but if k be added at all in excess, it communicates a 
purple tinge, more or less intense according to its quantity, lliis purple 
hue is destroyed by bharcoal, or by thrusting a biUet of wood into the 
glass-pot, which causes a slight efiervescence, and the colour disappears. 
There can be little doubt that the <^bon acts by deoxidizing the man- 
ganese, for if a little nitre be added, the purple colour returns. lime in 
very small quantities (8 or 10 parts of chalk to 100 of silica) is sometimes 
added to glass: it acts as a flux, but it endangers the tiani^arency of the 
compound. 

White arsenic is also used as a very cheap and powerful flux; and 
nitre, in small quantities^ is employed to destroy any impurities arising 
from carbonaceous mattey* 

The materials for the manufacture of glass are sometimes submitted 
to au operation csiSleiJriltingy before they are transferred to the regular 
glass-fiumace. It consists in exposing them to a dull red-heat, by which 
mo4|ture and carbonic acid are expelled, and a slight degree of iffiemical 
action induced; this also prevents the excessive swelling up of the 
materiab in the glass-pots, and renders the process of vitrification more 
certain and expeditious. The tenngfrk, however, is now genend!^ applied 
to 'the mere mixture of materials, which, without previous prepaxalion, 
are at once melted in the furnace. 

The glass-pots axe placed round a dome-sh^ed fumaoe, built upon 
arches, and oi^en beneath for the free adimssion of air; there aregreieially 
six in each fiimace, and they are entirely ei^closed except at an orifice oft 
the side, opening into a small recess formed by the alteniate projectiofta 
of the masonry and the flues, in which recess ihe woikmen stsmd. Goal 
is the fuel employed, oud the furnace is so built that a lapid current 
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flame may be diraqted round each glass-pot, which afterwards passes out 
with the smoke into the dome and chimney, heating'a broad covered shelf 
in its passage, which is sometimes used as an annealing-oven. 

In ^he construction of the furnace and pots, the greatest care is 
required ; especially in the latter, which have not only to resist long- 
continued heat, but also, as iar as possible, the action of ingredients 
which tend to accelerate their fusion or vitrification. They are usually 
made entirely of a refractory clay, one portion being crude or unburnt, and 
another calcined and powdered; the latter being the remains of former 
furnaces when pulled do^vn for repairs. 

The frit is introduced into the glass-pots through the side-opening 
above mentioned, and being heated to bright redness, becomes of a pasty 
consistency, and at length perfectly fuses. A quantity of impurities sub- 
side to the bottom of the pot, and partly rise to its surface. Tlie scum, 
known under the name of sandever*^ consists cliiefly of saline substances, 
partly volatile at the high temperature of the furnace, which are removed 
m)m time to time, and sold to mctal-r^ners as a powerful flux. The 
sandever, or being separated, the materials gradually become 

clearer, abundance of mr-bubblcs are extricated, and at length the ghiss 
appears uniform and complete ; the fire round the individual pot is then 
damped till its contents acquire a consistency fit for working, the whole 
process requiring about 48 hours from the time the pots are filled. At 
the working-heat, wdiich is a fill! red, the glass has a very peculiar tena- 
cious consistency, and as it adheres but feebly to polished metal, it is easily 
wrought and managed with iron tools. 

All glass articles require to be carefully annealed^ that is, suflTcred to 
cool very slowdy, otherwise they are remarkably brittle and apt to crack, 
and even fly into many pieces upon the slightest touch of any hard sub- 
stance, as is well shown in the small drops of green glass suddenly cooled 
by dropping them into water, an<f called Rupert's drops; the instant 
their thin end is broken off, they crumble into a poivder with a kind of 
explosion. Tliis phenomenon, according to Mr. Aikin, “ depends upon 
some permanent and strong inequality of pressure, for when they are 
heated so red as to be soft, and merely let cool of themselves, the property 
of bursting is lost, and the specific gravity of the drop increased.** What 
are termed Proofs^ or Bologna phials^ are also made of unannealed glass, 
and fly to pieces when a piece of flint or other hard and angular substance 
is dropped into them. 

When laige masses of glass which have been long in fusion are suf- 
fered to cool slowly, they frequently exliibit very singular crystalline 
appearances; there are often detached globular formations, of a very pecu- 
liar radiated texture, and looking«exAtly like foreign substances imbedded 
in the glass; sometimes it is opaque and crystalline, bearing a strong 
resemblance to certain mineral products: in these cases, crystallisation 
seems to have influenced the affinity of the elements, and the consequent 
composition of the products. Mr. Watt's experiments upon the fusion 
of basalt may be consulted in reference to this curious subject. {Phil, 
Tram.) 

* Tlds substance Is scarcely known In of the pains bestowed upon the pnrifica- 
our present gla s ad iouaer, in consequence lion of the materials employed. 
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The exact composition of the different kinds of glass is scarcely 
known*; the following proportions of the materials are, however, given 
in Messrs. Aikin's JHctimary^ to which the reader is referred for a valu- 
able article upon the subject of glass: it must, however, be recollected, 
that the composition of the perfect glass can only be remotely anticipated 
from' a knowledge of the substances employed in its formation, in conse- 
quence of the changes which they undergo, and the volatility of some of 
them, at the high temperature to which they are subjected. 

Flint-glass, Specific gravity about 3.2. 

120 parts of fine clear white sand 
40 „ purified pearlash 

36 „ Uthaige 

13 „ nitre 

A smidl quantity of black oxide of manganese. 

Crown-glass^ or best window-glass. 

200 parts of soda 
300 „ fifie sand 

33 „ lime 

250 „ ground fragments of glass f. 

Green Bottle-glass. 

100 parts of sand 
30 „ coftrse kelp 

160 „ lixiviated earth of wood-ashes. 

30 „ fresh wood-esh 

80 „ brick clay 

100 „ fragments of glass. 

Plate-glass^ invented by Abraham Thevart in 1688, was first manu- 
factured in Paris. It may be composed of 
300 lbs. fine sand 
200 lbs. soda 
30 lbs. lime 
32 oz. manganese 
3 oz. cohalt azure 
300 lbs. fragments of good glass. 

These materials are brought into perfect fusion, and poured upon a 
hot iron or copper-plate; the mass is then rolled out, annealed, and 
afterwards polished by grinding with sand, emery, and colcothar. The 
difficulty of producing a perfect plate without specks, bubbles, or waves, 
may easily be conceived, and this, nith the risk of breakage, renders 
a large plate extremely expensive. 

* Mr. Faraday has communicated to Silica 61.08 . 48.24 . 44.30 

the Royal Society a paper on the manu- Oxide of lead . 33.28 . 40.12 . 43.00 

facture of glass for optical purposes, Potassa 13.77 • 10.60 • 11.75 

containing much curious and valuable Alumina .... 0.47 • 0.58 . 0.50 

information upon the subject generally. Oxides of iron 1 ^ 07 a na a 10 

and wliich should be consulted by those and manganese f 

who are concerned in that difiicult — — 

branch of the art of glass-making. He 99.72 99.62 99.72 

successfully availed himself of the use f In the manufacture of all oommoii 
of borate of lead as one of its com- glass a proportion of broken glass is 
ponents. 1 am indebted to him for the usually mix^ up with the raw materials, 
following analyses of different epeci- and is technically known under the name 
mens of flint glass. of Cutlet, 
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Hie art of colouring glass, and of making arlificM gems, is of on old 
date, and effected by metallic ondcs. The paste for artificial gems gene- 
rally contains borax, and should be kept in fusion till perfi'ctly clear. 
The following proportion.^ are recommended by M. Douault-Wicland. 


(Ann. de Chim. et Phys., xix., 5?.) 

Giairia. 

Powdered rock-crystal . . . 405« 

Reil load 

Purepotassa . 2154 

Borax 276 

White arsenic .... 12 

M. Lan^on gives the following as ingredients for a good paste ; 

fritiiiii. 

Litharge ..... 1(K) 

White sand 75 

Wliitc tartar or pot-ash ... 10 


The metals employed as colouring-materials arc: 1. Gold. Tliepurjde 
of Cassius imparts a hue ruby tint. 2. ^Silver. Oxide or phosphatt* of 
silver gives a yellow colour. 3. Iron. The oxides of iron produce blue, 
green, yellow, and brown, depending upon the state of oxidizement and 
quantity. 4. Copper. The oxides of copper give a rich green ; they also 
produce a red wdien mixed with a small proportion of tartar, which tends 
partially to reduce the oxide. 5, Antimony imparts a rich yellow. 
6. Manganese. The black oxide of thk metal, in large quantities, forms a 
black glass ; in smaller quantities, various shades of purple. 7. Cobalt, in 
the state of oxide, gives beautiful blues of varioas shades; and with the 
yellow of antimony or lead it produces green. 8. Chrome produces fine 
greens and reds, depending upon its state of oxidizement. 

The following are the best authorities upon the subject of coloured 
glasses and artificial gems: Neri, Art de la terrene. Kunckcl. Fon- 
tanieu. Encyclopedic Melhodique. Ann, de Chim, et Phys,^ xiv., 57- 
Aikin’s Dictionary^ art. Glass. LardncFs Cyclopwdia, 

White Enamel is merely glass, rendered more or less milky or opaque 
by the addition of oxide of tin ; it forms the basis of many of the coloured 
enamels, which are tinged with the metallic oxides. Directions for the 
preparation of several good enameUcoUmrs are given by Mr. Wynn, in the 
Transactions of the Society of Arts, 1817, and Phil. Mag.^ li. 

[[It was my intention to have concluded this chapter with some 
general remarks upon the chetnical composition of rocks and soils^ nn<l to 
have added a section on geological chemistry: but the extent of the 
subject, on examining my notes in reference to it, is such, that to do it 
justice, would require space that could not be spared in this alremly 
bulky volume, widiout abridging the contents of the ensuing chapters 
^on the Chemistiy of the Products of Organization a branch of the 
science which has lately assumed so important an aspect, as to induce 
me to bestow if|on it a larger share of the volume than was originally 
eontemplaM.] 
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Chapter VII. 

VEGETABLE PRODUCTa 

Having, in the preceding chapters, examined the elementary substances, 
and such of their combinations as are the result of artificial operations, 
we are now to turn our attention more exclusively to the products of 
organization. The present chapter embraces the interesting but compli- 
cated and difficult subject of vegetable chemistry^ the objects of which 
are to inquire into the general phenomena of vegetation, to ascertain the 
nature of the ultimate elements of vegetable products, to examine the 
proportions in which they combine, and the general laws that influ- 
ence them ; to ascertain the properties and distinctive chemical characters 
of the proximate components thence resulting, and to examine into the 
spontaneous changes to which they are subject, including the phenomena 
of fermentation. 

The chemical physiology of vegetables constitutes an important branch 
of scientific botany, for which I must refer to physiological and botanical 
authors*, want of space obliging me here to limit myself strictly to the 
enumeration of a fow leading points which bear directly upon chemistry, 
and which are essentially connected nith the theoretical and practical 
detaUs upon which I must necessiyply enter, or which have been touched 
upon in preceding pages of this volume. 

§ I. Of the Growth, Structure, and Functions op Plants. 

iSkeds, from which all plants are originally derived, present infinite variety 
in form and character; without, however, adverting to the minute history of 
their different parts, %ve may here refer to the common bean as illus- 

tniting the general structure of a dicotyledonous seed, and as enabling us 
to refer generally to their functions and developemcnt. Tliis seed, when 
the external membranes or coverings are carefully removed, is easily sepa- 
rated into two distinct portions, which constitute the bulk of the seed, and 
which are termed the 
Cotyledons^ they are 
represented by a n in 
the annexed cut, fig. 

23i5; between them is 
seen the embryo or 
germ^ of which one por- 
tion A, lying between 
and within tlie coty- 
ledons, is termed the plumula^ and the small projecting part c is called 
the radicle. 

When a sedd is placed under favourable circumstances, the different 
parts begin to grow; the membranes burst, the plumula gradually expands, 
and rises to the surface of the soil, and the radicle puts forth ramifications, 
and becomes a root. These changes constitute germination. The coty- 

* Especially to Professor londlcy's Introduction to Botany.** 
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ledons, originally insipid and farinaceous, become sweet and mucilaginous, 
and furnish materials for the early nutriment of the young plant, before 
its root and leares are adequate to their full functions; and vessels are 
observed for this purpose, as represented in fig. 236, When the root and 
stem have acquired a certain vigour, the cotyledons either rot away, or 
become leaves; and the plant then derives its nourishment by the root 
and leaves, the former collecting n\aterials from the soil, the latter from 
the atmosphere. 

The circumstances requisite for the healthy germination or growth of 
a seed are principally the following: — 1. A due temperature, which is 
always above the freezing-point, and below 100®. 2. Moisture in due 

proportion. 3. A proper access of air, the oxygen of which is slowly 
converted into carbonic acid. The joint operation of these agents also is 
required : for seeds exposed to air and moisture, but kept below 32®, will 
not grow, though they are not injured by the low temperature: nor will 
a seed vegetate without air, though moisture be present, and a sufficient 
temperature; this is shown by burying seeds deep in the soil, and by the 
spontaneous vegetation upon newly-turned esirth, in which seeds had 
existed, but through absence of oxygen had been unable to vegetate. 
Hence, in all cases of tillage, the seeds should be so sown as that the air 
may have access; in sandy soils this is easily attained, but in clay, tho 
adhesiveness of the material becomes a source of sterility. 

The swelling of the cotyledons is occasioned by the absorption of 
humidity; accordingly, all seeds enlarge in bulk when immersed in filter, 
but those only of water-plants, will vegetate under such circumstances ; 
others require the more free access of air, and grow in the comnmn soil 
at depths to which the atmosphere easily finds access, and which moisr 
ture easily percolates; but in these early stages of vegetable developemcnt 
the soil is of no further use, for the seed will grow upon wet-paper, cloth, 
stone, or other materials; in short, air, moisture, and heat, are the only 
external requisites; everything else depending upon the seed itself. 
During the expansion and softening of the cotyledons, their albuminous 
and amylaceous parts become converted into gum and sugar, which are 
absorbed into the radicle, and contribute to its nourishment and growth 
into a root. W)^en seeds are made to germinate in confined portions of 
air, it is found that they do not alter its bulk, but that a part of its oxygen 
is converted into carbonic acid ; hence, one consequence of germination is a 
diminution in the relative proportion of carbon in the seed, leaving a com- 
parative excess of hydrogen and oxygen, for these are its ultimate elements. 
This evolution of carbon is essential to the grow th of the seed, for seeds will 
not germinate unless tree oxygen be present: in hydrogen, nitrogen, and 
carbonic acid, when aided by moisture, the seed swells at first, but then 
decays; and in pure oxygen germination is morbidly accelerated ; and it is 
said that certain oxidizing agents, especially the aqueous solution of chlo- 
rine, are effective in the restoration of the germinative power to old^nd 

seeds. All tliesc changes are injuriously affected by light; sunshine 
soon kills the growing seeds, and even diffused day-light operates unpro- 
pitiously; we see, therefore, that in a properly-constituted soil, everything 
concurs in promoting the healthy functions of the seed; air, moisture, 
and heat; are duly administered, but the direct influence of light is 
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excluded: darkness seems essential to the early developement of all liring 
matter. At first, the radicle is most rapid in its growth ; the nourishment 
supplied by the cotyledons going chiefly, if not exclusively, to it; it shoots 
fortli its absorptive fibrils, which now take up nutriment from the soil, and 
feeding upon this, the plumula rises and puts forth branches and leaves^ 
the profuse and even infinite variety of which may well excite our wonder 
and admiration, and is doubtlessly connected with ends and objects of 
which we at present Jire ignorant. 

The general phsenomena of the developement of a seed, are, chemically 
speaking, the same; but there are extraordinary modifications in the 
growth of plants derived from those which are monocatyledanous^ as 
opposed to those derived f/om dicotyledonous or polycotyledonous seeds : 
the former class includes the palm trihe^ and the greater proportion of 
tropical plants; all gramineous and liliaceous plants likewise belong to it: 
their growth is endogenous^ that is, it is the result of additions made in- 
t<Tiially ; the latter class coipprehends the ordinary forest-trees, and the 
greater number of our common vegetables; in them the growth is 
external, or exogenous; and the successive additions to their substance 
are made upon the exterior of the parts from which the} proceed. 
The palm-tree furnishes an instance of endogenous growth: it bears 
a tuft of kMves at the top of a very lofty cylindrical stem, composed of a 
dense extenuil layer of wood, and increasing in porosity towards the centre ; 
its general texture appears similar throughout, and the distinctions of 
pith, ^>ood, and bark, are not perireptible in its transverse section: its 
mode of gro\s th is peculiar ; it first forms n circle of leaves, which after 
having attained a certain size, are succeeded by another circle growing 
from the interior of the former : these are reproduced annually, each 
crop exerting an outward pressure upon the ligneous formation of the 
precetling year, which at length becomes too dense to admit of further 
distension: the gro\\th of the inner layers is then necessarily directed 
upwards, so that they each successively rise by distinct stages, always 
proceeding from the interior ; but the stem never increasing in diameter 
after the consolidation of its exterior layer. A disc of leaves shoots 
yearly from the new layer of wood, and when these fall oflF they leave a 
circular mark upon the stem, so that the age of the tree may be judged 
of by the number of these alternations of circular knots. Similar 
appearances may be observed upon grasses. 

The section of a bicotyledonous tree, or one of exogenous gjrowth, 
exhibits several distinct formations: there is ^a central pith^ the struc- 
ture of which is cellular or spongy, and not tubular, and which iu 
liable to much variation in quantity and character in difiTerent plants or 
trees, and at different stages of their grow'th: it is surrounded by con- 
centric layers of wood^ the exterior portions of >vhich are softer than the 
interior ; hence the distinction into alburnum or new irood, and duramen 
or heartwood^ tlie former being paler than the latter, which is often brown, 
and in ebony, black. The wood is enveloped by the bark^ which consists 
also of concentric layers, of which the innermost bears the name of liber; 
the whole is covered by cellular tissue and epidermis ; the bark, like the 
wood, when more than one year old, is composed of as many layers of 
cellular integument and woody fibre as it is years old, ftry ie r being 
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external, and the latter internal, in each layer, and every layer being 
formed beneath the previous one, and therefore next the wood: so that 
the bark is to a certain extent elastic or distensible; but after a time it 
splits, as in the the cork^ and the generality of Europeiin trees; 
or it peels off, as in the ptane and birch. In the spring of the year a 
viscid substance is found between the bark and the wood, which is termed 
cambium. Besides these distinct formations which trees of exogenous 
growth present, the horizontal section of the stem exhibits a number of 
rays or lines proceeding from the pith to the circumference ; they are 
apparently composed of one or more4ayers of ^cellular tissue, and arc 
termed medullary rays ; in longitudinal section they give to many woods 
a peculiar satiny lustre. As a new layer of wood and bark are formed 
annually, it is customary to judge of the age of trees by the number of 
concentric rings which either of them exhibits; but* these calculations are 
open to many fallacies. (See Lindley's In trod, to Botany^ book i., chap, ii.) 

The cuticle^ or most superficid membrjpe of plants, is extremely 
varied in different vegetables, and in different parts of the same plant; 
it extends over every part of the plant ; it allows, by its pores, or 
stosnata^ of absorption and transpiration, and being generally transparent, 
at least upon the leaves and flowers, it admits the influence of light. 
The cuticle vanes in texture and appearance in diflerent plants. On the 
currant and elder tree, it is smooth, and scales off : on the fruit of the 
peach, and on the leaf of the mullein, it is covered with wool ; on the 
leaf of the white willow, it is silky; in several plants, it is covered with 
hair and bristles, which in the nettle are perforated, and contain a 
venomous fluid : on the plum and upon many leaves, it is varnished with 
a resinous exudation, which prevents injury from rain : it is fungous on 
the hark of the cork-tree ; and on grasses, on the cquisetum, and es])c- 
cially on different species of the rattan, it is covered with a glassy net- 
work of silica. This fact first occurred to Sir II. Davy in 17118, and led 
to experiments by which he ascertained that siliceous earth existed gene- 
rally in the epidermis of the hollow plants. It serves," he observes, 
as a support, protects the bark from the action of insects, and seems to 
perform a part in the economy of those feeble vegetable tribes, similar to 
that performed in the animal kingdom by the shell of the crustaccous 
insects.” Silica is also found in the hollow stem of the bamboo, con- 
stituting the substance called tabasheer. It is to the large quantity of 
silica existing in grasses, that the glassy character of the products of 
burned hay and com stacks is to be attributed. 

Under the cuticle, or epidermis, is the paretichyma ; a soft substance, 
appearing under the microscope of a honeycombed or hexagonal cellular 
structure, resulting from the mechanical laws which influence the pres- 
sure of soft cylinders. 

As the tree grows, the stem and the root both send out their branches 
or ramifications, and the phenomena df their production are extremely 
curious and interesting ; the branches, and their subdivisions, are generally 
produced with remarkable regularity, so as to give a defined outline to 
the shrub or tree, except w|ierc unequal exposure to air, light, or heat, 
causes one side to expand more luxuriantly than the other : the root, 
too, in an nniform soil, extends equally on all sides, but various causes 
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likewise interfere with its growth, and it sometimes presents very extra- 
ordinary diversions from its usual progress. * 

1 have already noticed the infinitely-varied forms and textures of the 
leaves of plants ; their anatomy has been closely investigated by botanists 
as well {IS the mode of their growth or formation; they for the most part 
exhibit a beautiful skeleton or frame-work of ligneous fibre, supporting 
a delicate vascular and cellular structure, and are covered by cuticle. The 
Jhfvers^ and their parts, arc analogous in anatomical structure. 

Besides the ce//r, which have been mentioned as constituting a laige 
proportion of the veget9.ble textuce, there also are membranous tubes 
interspersed through their various parts, which exhibit extraordinary 
varieties in their form, characters, and dimensions; some are simple, 
others jointed, or spiral, or annular, or perforated; their contefits also, as 
well as those of the- cells, are very various; they*contain crude or 
concocted sap, various secretions, or products of vegetation, and air. 

The nourishment of plants is partly derived from the soil, through the 
medium of the roots, and partly fiom the air, by means of the leaves. In 
spring, before the leaves appear, the roots are chiefly activt , and absorb 
soluble matters from the soil, derived from the decay of the fallen leaves 
of the preceding autumn. The absorptive power of the root is not merely 
capillaiy', but peculiar and vital, and seems to reside in the terminal 
fibres or sjwngioles^ and not in the radicular branches generally; hence 
the injury which is generally inflicted upon the root by removal or 
tmnsplantation ; the necessity of carrying with the root a sufficient ball 
of earth to prevent the abrasion or fi^cture of the spongioles ; and the 
advantage of grooving plants in pots, which are intended afterwards to be 
removed into the border. The roots absorb some substances more readily 
than others, but they have no selective power in respect to the most 
appropriate nutriment ; and Saussure has shown that they, in many in- 
stances, absorb poisonous substances more rapidly tlnui others. Marcet’s 
experiments have taught us that white arsenic and corrosive sublimate are 
poisonous to vegetables as well as to ammals; and that vegetable poisons 
are equally active, such as opium and prussic acid, which when applied, 
even in very dilute solution, to the roots, cause the plant to droop and 
die. It has been supposed that the access of air to the roots of plants is 
not only not prejudi<^, but that it favours the healthy performance of 
their functions. 

The fluids which are absorbed by the roots of plants, constitute the 
crude or ascending sap*; they are circulated in appropriate vessels 
throughout the vc.'getable fabric, being transmitted more copiously to 
some organs than to others, and contribute to the formation of new parts, 

* Tlic sap of plants is ofi^ery various ginous matter, and acetic acid combined 
conix)08ition, and contains, besides cer- with potassa and lime. The solid matter 
tain proximate vegetable principles, afforded by their evaporation, yielded 
several saline substances, especially the an ammoniocal smell, probably owing to 
acetates of potassa and of lime: it also albumen: the sap of ffie birch afibrded 
often cxliibits traces of uncombined saccharine matter. Dr. Prout has given 
vegetable acids. The sap of the elm, someaccountof the sapof thevine. Ita 
beech, hornbeam, and birch, have been taste is sweetish, and its spedfic gravity 
examined by Yaaquelin (hr Chim., scarcely exceeded that of water. PotasBa 
xxxi.): ho found extractiveand muci]a« and ammonia reddened it, and preoipi* 
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to the compositioii of^tiieir Tarious secretions. Ilales^ long ago, 
oemomstrated the power with wliic|| the sap ascends in its vessels, and 
endeavoured to account for the rapidity and the direction of its pn>grcs8; 
hui this phenomenon is still unexplained ; a valvular system in the ves- 
sels, somewhat similar to that of the veins of animals, was presumed to 
he efficient in preventing the retrograde motion of the sap; hut the well- 
known feet, that a plant may be inverted, and that the branches may be 
made roots and the roots branches, subverts sucli an hypothesis. AMicn 
the sop has once entered its vessels it seems invariably to tend (perhaps 
in the direction of least resistance,) towards the leaves, w liieh as regards 
its chemical changes and elaboration, are certainly most important and 
essential oigans. The quantity of the sap which, in many plants, is thus 
carried upw'ards from the roots, is very surprising, considering the source 
whence it must be derived ; it may often be abundantly collceted by 
cutting off a branch of u young and thriving tree or shrub, ainl it is then 
seen to ooze from the section. Honing over in drops, and running dona 
the stom. The vast e\ aeration, also, that takes pUice by the leaves, must 
be chiefly, if nut exclusively, supplied by the roots. Many plants ex- 
amined b}' TN oodward, lost, in three months, one hundred times their 
own weight of water by trans])iration. Hales found a sun-flower lose 
one pound four ounces, and a cabbage one pound three ounces in twenty- 
four hours by this process. This pergpiration is said to ilepeiid up<»ii tlie 
numl>cr of the siomaia, and therefore to be less in evergreens, in which 
they are few, than in deciduous and herbaceous plants. Whenever the 
balance between the absor{)tive power of the sjMiiigioles and the einis^i\e 
power of the leaves is disturbed, the plant suffers, as we see by the 
drooping of the leaves in a w^ann and diy atmosphere on the one hiiml, 
and in a dry soil on the other. 

The leaves are the seat of the most important vegetable functitms ; 
they arc otgaiis of absorption and emission, of nutrition and of digestion. 
The sap which in its crude state, as it rises from the roots, is extn inely 
dilute, and consists of little else tlmn witcr, with gum and sugar, and 
traces of saline matter, is <*oncentratcd by eva])oration in the loaves, and 
receives an addition of carbon from the carbonic acid in the atmosphere ; 
air, and light, and heat, are active in tlicsc changes, asiA the leaves arc 


tated red flocks soluble in acetic acid. 
It was rendered slightly turbid by nitrate 
of silver, subacetaieof lead,ferrocyanurot 
ofpotasrittin, and oxalate of ammoiiia. It 
contained carbonic and acetic acids, and 
an alkali. (Atm, o/ Phil, v.) Professor 
Scherer analyzed the sap of the common 
maple: it had a milky appearance, and 
sweet taste. It did not affect litmus or 
tunn^. Itwaspiecipiutedbycwalate 
of potassa, nitrate of silver, and baryta* 
. When evapmated, it yielded a 
salt, with base of lune, containiiig a 
pillar acid, which he calls acerieacid. 
(8chweigger*8 JounuU, iv.) 

The sap of the rose-tree has been 
^examined by Mr. Addai^« (Quarlsrly 


j Journai, iv., 147, AT, S.) In twelve fluid 
. ounces he found 


Oxalate of lime . . . 
Acetate of lime . . . 
Acetate of potnssa . . 
Gum and extractive 
Bugar, %. (soluble in 1 
aloolml) . . . ./ 


2.900 

l.0f>7 

0.700 

2.100 

0.100 

0.303 


7.250 

It is, however, abnosi impossible to 
collect the ascending sap without ad- 
mnUtire of some other juices of the plant, 
•o that the analyses only aflbrd approxi- 
mnliona to ita rieX composition. 
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admirably adapted to such eomplicated purposes. Their influence in 
modifying||ihe composition of the sap^ and in supplying food to ail parts 
about them, is shown by the mischief which ensues when they are re- 
moved ; and we have evidence of their emissive or perspiratory powers 
in the watery vapour which they give off, and which sometimes collects 
in drops; they also occasionally secrete grosser compounds, such as 
honey-dew, wax, and ladanum. If we place a healthy leaf between two 
cold plates of glass, we generally observe that the. greatest visible trans- 
piration is from the louer surface, and the organization of the leaf is 
apparently such as to render that surface the most apt for the escape of 
watery vapour ; but in some plants the upper surfaces of the leaves are 
said to be most active, so that probably both the absorptive and excretive 
power of the leaves varies in different individuals. 

One of the most curious and important functions of the leaves is their 
power of decomposing the carbonic acid which is always present in the air, 
retaining its carbon, or a portion of it, and emitting pure oxygen (p. 65); 
and to show how important an agent light is in inducing these chemical 
changes, it is found that they only go on under its influence (p. 1 R3,) and 
that in the dark they are either inactive, or even deteriorate the air (as we 
arc^n the habit of saying,) by the addition of carbonic acid ; upon the 
whole, howe\er, although different plantaact very diflerently in this respect, 
there can be no doubt that the influence of the vegetable creation upon 
the atmosphere is purificative; that is, fhat part of the carbonic acid pro- 
duced by ariinal respiration, and by combustion and other causes, is 
decomposed by the leaves, and that they evolve more oxygen during the 
day-time than carbonic acid during the night. This is well illustrated by 
Dr. Priestley’s experiments on the sprigs of mint already cited (p. 65.) 
We now, also, shall duly appreciate the importance of aqueous vapour, 
and of carbonic acid, as components of the atmosphere (p. 411), for that 
the leaves often absorb moisture from the air is shown by the reviving 
influence of damp air upon a drooping plant, or of the direct application 
of vfiiter to its leaves. It has albo been proved that no oxygen is evolved 
by plants, except carbonic acid be present in the air. Aquatic plants 
furnish a striking corroboration of these observations ; they decompose 
the carbonic acid of the air in 'water, and evolve oxygen during the 
influence of light ; this carbonic acid may be furnished from .various 
sources, but part of it is often derived from the respiration of Ashes, and 
would accumulate to a noxious extent were it not replaced by the oxygdo 
emitted by the plants ; hence it is that Ash never thrive in wateis which 
are exempt from vegetation; and that in ornamental vases and basins, in 
which there are Ash, aquatic plants are at the same time desirable. But, 
although plants will not thrive without access to carbonic acid, its excess 
is prejudicial, and it has been found to operate as a poison when it 
exceeds one-twelfth of the atmospheric air; in such proportion, however, 
it never exists in the free atmosj^ere. 

Saussure’s experiments upon the frmetions of the leaves have taught 
us the curious A^t, that along with the carbon, a portion of oxygen is 
also absorbed, and this (in the absence of light) firom an atmoapherh,l|oi 
containing carbonic acid. Fresh leaves, exposed in the dark undj^ n 
hell-glass of air, absorb one portion of oxygen, and convert another into 
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carbonie add: if afterwaids exposed to the Ughi^ and, especially to the 
f direct rays of the sun, they re-absorb the carbon, and give out the whole 
of the oxygen, gradually restoring the air to its pristine condition. Very 
su^ulent leaves (those of the Cactus opuniia for instance), absorb oxygen 
in the dark, and again evolve it in the liglit: in the course of 30 hours 
they thus absorbed more than their Qwn bulk, and it could not be 
extracted from:;j|hein either by warmth, or by exposing them in the 
vacuum of the air-pump, though in the sun’s rays they invariably emitted it. 
These properties belong to the leaves of all plants, but the effects vary 
much in degree in different genera; they arc also probably more or less 
resident in all the green parts of vegetables, but are not possessed by the 
bark or roots. 

The changes which the sap undergoes in the leaves are extremely 
complicated; it is not merely concentrated by evaporatlbn, but is rendered 
the source of the wonderful products which characterize tfib different 
genera of plants, and of the materials required fer their growth : those 
changes are sometimes manifest in their obvious ppoperties; thus, the 
leaves of some species of Brt/ophyllum^ are said to be aMhr in the morning, 
tasteless at noon, and bitter at night, reddening litmus at one time of the 
day and not at another; the flowers of the Cichorium intibus arc whitmor 
blue, jiccordmg to the intensity the day-light ; and many fruits are 
observed to be more acid in the morning than in the evening. 

The circulation of the sap, as*has been before remarked, is involveil, 
as to its cause, in great obscurity, and even the genenil direction of its 
progress in the growing vegetable has not been very s;Uisfuctorily ascer- 
tained; but the researches of Andrew Knight {Phil. Traus.^ 1801), and 
other experimental physiologists, render it probable, that the chief ascent 
of the sap from the roots to the leaves, is in the vascular system of the 
alburnum and outer layers of wood, that it is thence transferred into the 
^ leaves, and that having there undergone changes, some of which have 
* been adverted to, it descends chiefly, but not exclusively, by the iiber or 
inner layer of bark, giving rise to the secretion of cambinmy to the for- 
mation of new wood, and to the deposition or separation of gum, resin, 
and other characteristic proximate principles. The proofs of this circu- 
lation of the sap me, that if a branch be cut through in the spring, sap 
will' exude more or from its whole surface, but most copiously from 
tUse alhumum; if it be cut half through, and a semicylindriCal piece 
retioved, the principal exudation of sap upon the upper half will then be 
in inner layers of the bark, and the liquid which there oozes will be 
different from, and more concentrated than that which runs from the 
outer layers of the wood; as if the ascending sap^vessels had been divided 
in the albumom, and the descending in the liber; and if a ring of bark 
be carefully removedrirom a branch of a young tree early in the spring, 
the portion above the section will be turgid, and perhaps bear blossom 
and fruit, indicating symptoms of acctunulation of sap, the escape of 
which from the Out surface is soon prevented by the induration of the 
inspissated^descending sap, and ultimately by the growth of new ligneous 
matt€g, proportion of which is enormous upon the uppevy as compared 
vni|i that upon the under line of section. This explains the influence of 
ringing the branches of fruit trees, with a view of rendering them pro- 
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ductive; and the difihrenoe betiireen the riiiged and the other branches is 
often very strikii^, late in the seaion; as afiEecting the fruit, leaVes, and 
general aspect of the plethoric partA ^ 

Plants are in general extiwely susceptible of impurities in the air 
that surrounds them; slight modifieatiops, therefore, in the composi- 
tion of the atmosphere, are more or l^ss prejudicial to their growth; 
especially wlif^ not under the influence of light: thu|;although in the 
sun, a plant will thrive in air contain^ 8 or 10 per of carbonic 
acid, such excess of that gas is fatal to q|pn the shade. The experiments 
of Drs. Christisoa and Turner upon this subject (Brewster s Journal^ 
1828, and Lindle/s Introduction^ book ch. v.), are very instructive; 
and instead of being surprised at the injury ivhich plants sustain in the 
atmosphere of L<^on, lead us to wonder that they are not more generally 
affected by it; thete is no doubt, however, that plants, like animals, vary 
in regard to the delicacy of their constitutions, and that some are infinitely 
more susceptible, not only of changes in the temperature and humidity 
of the air, than oth^rl, but are fatally influenced by the presence of 
foreign matters which more hardy tribes resist. Dr. JVfacculloch has 
given us some curi^ps fficts upon this sul)ject, very interesting to the 
metropolitan and suburban horticulturist, in a paper on culture of Mural 
Plants^ in the duarterly Journal of Science for 1829. 

The influence of the flowers of plants upon the atmosphere, is pro- 
bably as various as arc their infinitely-varied forms, colours, odours, and 
composition; even in the light, they invariably deteriorate the that 
is, they convert a portion of its oxygen into carbonic acid, aud that, more 
rapidly than the leaves are found to do, in the dark: the sexual orgaps 
of the flower have been shown by Saussure materially to influence the 
destruction of oxygen. From M. Berard's experiments on the action of 
fruits upon air (/iw/i. de Chim. et Phys.^ xvi.), it appears that they, in 
all cases, tend to the production of carbonic acid, and that this loss of 
carbon is essential to the ripening of the ftuit; for when deprived of 
oxygen, the fruit dies. TV hen fruits rot, they first change a portion of 
the surrounding oxygen into carbonic acid, and then liberate the same 
gas ready formed. He considers gum and lignin as the principles in 
unripe fhiits which cl^efly tend to the formation of sugar during their 
ripening, and has given several analyses of fruits in illustration of these 
views, a few of which are selected in^he following Table: the elem^ts 
of water are also probably concerned in the change. 
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The evolution of heat during the germination of seeds, is well shown 
\y the rise of temperature in the process of malting; and the temperature 
of the organs of the flower, during the period.of their Jictivity, is, in some 
plants, many degrees above that of the atmosphere : these oases of the 
production of heat, must not be confounded with those of fermentation ; 
they ate perfectly j^stinct^ especially in the latter case. It appears 
probable thi|t .||jpiiplants a power, dependent upon tlieir vitality, of 
inaintaining^jilp^ certain extent, an equable. temperature; but how far 
their internaliheat^an be aflected by external causes, has not as yet l)cen 
satisfactorily ascertained. 

.1 have now Ifiefly enumerated a few of those phenomena of vegeta- 
tion in which cSemical changes are principally concenied; the whole 
inquiry is full of interest to the chemical physiologist. Among the vital 
powers of plants, tliere are some which I have not adverted to, because 
apparently un<^nnccted with the subject before us; such as the sleep of 
plants; the expansion and contraction of their flowers and leiivcs, 
dependent upon the presence or absence of light; their spontaneous and 
their involuntary motions, as in the Iletli/sannn gj^rans^ the Mitnava pudica^ 
the Dioncea mtsegipula^ and the influence of electricity upon the latteri»: 

It has been stated that carbon, oxygen, and hydrogen, and frequedlly 
nitrogen, appear to be the essential ultimate elements of vegetable pro- 
ducts, and it is evident that they derive a part of their carbon and oxygen 
from the air: the source of their hydrogen and nitrogen is less obvious; 
they may possibly decompose water; may derive nitrogen from the air, 
or both from the soil. That plants derive much of their nutriment from 
the latter, is obvious from its impoverishment, and from the direct in- 
fluence of nourishment so applied ; the substances thmulaken up, are, or 
at least may be, very complicated, consisting of a variety of soluble* 
matters, of inorganic as well as of oiganic origin ; and the rapidity or facility 
with which they are imbilied depend upon a variety of obscure causes, 
and partly upon the relative magnitude and absorbent powers ut' the 
leaves; for it is, I believe, admitted, that plants with large systems of 
leaves, absorb less from the soil than those which are less liberally pro- 
vided with foliage ; and, independemt of this, some plants arc certainly 
more voracious and gross feeders than others, tlmviiig in proportion to 
the richness of the soil, and acquiring odour and flavour from the manure 
w|jA which they are supplied. 

Manures are of vegetable^ animal^ or mineral origin. The two former 
are capable of aflbrding two of the essential ingredients of plants, nanudy, 
carbon and hydrogen; they may also yield some of riie immediate* prin- 
ciples of vegetables. The mere existence, howev^, of vegetable matter 
in the soil, is not sufficient to constitute it a manure; it must be reduced 
to a soluble state; to a slUte in which it can be absorbed by the roots of 
a growing vegetable ; this is often effected by fermentation or putrefaction, 
or by applying the vegetable matter in a green |^to, as by ploughing in 
a green crop. Where the vegetable matter is &lsn inert insoluble form, 
it will be of no avail unless rendered active and sMuble, which is effected 
either by mixiiig it with such kinds of animal matter as undergo quick 
putre^tion, such, for instance, as dung, rotten fish, or 4^ying parts 
of animals ; or, by the operation of alkaline bodies, suf^as quicklime, &c. 
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When newly-bumed lime U strewed over a soil containing inoifi; ' 
vegetable matter, it acts upon it, and renders it more or less soluble f 
while the lime, by absorbing moisture and carbonic acid, is slaked, aiid 
passes into the state of chalk, which is pften a useful addition to the so)l: 
but when limestone contains magnesia, it remains caustic, and sometimes 
proves injurious. 

The limits of this volume prevent my iitlarging these topics, 
which arc full of interest, and deit!iand a separate work for their illustru> 
tioii. Such a work Sir II. Davy published several years , ago, hut the 
general progress of the science^ since that time, has been such as mate- 
rially to affect all its collateral branches; and the vi^ws and doctrines 
that were then plausible, no%v require revision and m education. 

Having now noticed a few of the leading facts connected with j^ie 
structure iuid growth of plants, which bear upon their chemical physiology, 

1 shall ])rocced to the methods of analysis applicable to t|ke discoveiy of ^ 
their ultimate elements, and to the proportions m which they are combined 
in their proximate or immediate principles. 

§ II. Op THE CoMPOSmON AND AnALYSIs'oF VEOETAiafiE StfiSTANCES, 
AND OP THEIR ULTIMATE PRINCIPLES. 

Altuoitgh the uUimate principles of vegetable subitnnccs are few hi 
number, yet by being combined in various pn^ortions, ^hey give rise 
to a series of compounds materially differing fr6m each other, and 
which are called their proximate components. It has just been stated 
that c^rbon^ Injdrogen, and arygew, are the principal ultimate components 
of vegetables, and that some afford nitrogen; in some there arc traces 
of sulphur; and in theii sap or juices we find small proportions of potassa 
and of lime, and sometimes of soda and of^nagnesia: ^ese bodies are 
combined with acids, and are chiefly obtained % burning or incineration. 

It has already been said, that some plants contain silica; sulphate of lime 
is found ill clover; ^nitrate ot potassa in the sap of the sun-flower; and 
nitrate of soda in barley. Common salt, and soma other chlorides, are 
frequent ingredients in marine plants ; phosphate of lime is found in oats 
and some other seeds ; and nearly all vegetables yield traces of oxide of 
iron, and many of oxide of manganese.^ In Saussures Chemical 
Researches on Vegetation^ and in Tlromson's Sgstem of Chemistry^ 
copious tables, showing the earthy and saline constituents of vegetable. 

But the elements with wliich we shall almost exclusively have to deal, 
in our examination of vegetable products, are the four first, and the 
number, and the varied characters of the compounds to which they give 
rise under the influence of organization, is certainly most extraordinary: of 
this diversity, some of the causes will becompb-apparent as we proceed; 
others have not only repulsed all attempts at explanation, but even baffle* 
our most unlimited conjectures. 

There is another le^ng distinction between organic and inorganic 
compounds, which is, that in the latter the elements are generalljLuitited 
in binary arrangements; thue, crystallized sulphate of soda is oomjpised of 
sulphuric ac^ soda, and water, which are binary compounds of 
And oxygen, so^um and oxygen, and hydrogen ^and < 
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products ore itrnanf or quaternary combinations, 'which we cun 
^^fielj^cver imitate by artificial processes; and in the fonnationof ^\liich 
greater number of simple atoms are usually concenied: sulphuric acid, 
Is a compound of 1 atom of sulphur and 3 of oxygen; but 
tarfaHcjtcid consists of 4 atoms of carbon, 2 of hydrogen, and /> of oxygon ; 
hence, hi oiganic compounds, the proximate atoms arc heavier, or the 
equivalents larger, and the saturating powers less, than in inorganic com- 
binations: there are, however, some instances of binary organic com- 
pounds;; caoutchouc, and some oils, are composed only of carlion and 
hydrogen; but then there is this distiiiodon; that they do not consist of 
one atom of the one element united to one or more of the other, but 
several atoms of%each element are combined; and inmost cases, no sim)de 
rq^ation betmeu them can be observed. 

No pecii^qfity of organic combination is more remarksible than the 
J^efence between substances eonstituted of similar elements; 

^ &o., consist of carbon, hydrogen, and ox^'gen ; Imt j^oso sub- 

stances have neither the characters of acids or bases; aceticl suc<4uh*, 
citric, and formic acids also consist of the siiinc elements, but iiriliffi$i%lit 
proportions or differently eofSgregated. Oxalic Acid presen tsiAAtrikhig 
peculiarity; it is composed of carbon and oxygHn only, and conminBir less 
oxygen than carbonic acid, and yet is one of the most powerful ivcids; 
it is either a direct product*of organization, or obtained indirectly fifOni 
other organized eom]>ounds. *1, 

If, tliercfore, we endeavour to combine the elements of organtt bodies 
by artificial operations, they show a tendency to pjiss into binary, and not 
into ternary or quaternary compounds; and even in the living body, pro- 
ducts that have already been organized, appear essential to this l|^iat ion 
of new ones; thu5^ ^ eatable life is in great measure supported^ by tlu* 
decay of former vegetables and gniminivorous and ramiv«>BOU8 animals 
require vegetable and sulcal substances for their sustenance; for although 
it be time that carbon hydrogen, oxygen, and nitrogen, are tlu) ultimat* 
elcmelfts of our food, we should soon starve upon charcoal, and water, 
and nitrogen, or upon any of their compounds tvhiQh had not already ^one 
through the process of organization. 

As, thereibre, we cannot so combine the insulated inorganic elements 
as to imitate the products of organization, we arc deprived, in our researches 
D^n these forms of mattery of the aid of synthetic proof, in the ordinary 
s^ptation, at least, of that term; and in detenuining the nature and 
the rehitive proportions *of the elements of organic compounds, wc are 
limited to analytic operations; and even in them (as we shall presently 
find) numerous diffic^ties occur, especially affecting the determination of 
the integral atomic weights of the compounds, ^and* the theory of their 
elementary arrangcmenl||^ 

The first attempts at the analysis of vegetable iulfilaaces, consisted in 
snigecting them to destructive distUlalion^ and this method was greatly 
extended and improved by Hales, Priestley, and tho^^iarlier pneumatic 
chenq||ts, who paid cspeciaf attention to tlie gaseous piodu^ of such 
operatto^which, together mih aqueous oily liquids, and a residue 
of &rho<iaapsfitate 4he results of the process; hence thesBondusion of 
the ^ older 'SBinists, that oil, water, and'^earti^includiuior under that 
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name, the carbonaceous residue (or caput martuum^ as they called it,) were 
the universal elements of or^ic bodies. It is, however, evident that 
most of these are secondary results, that they are products of the opera- 
tion; and accCrdingly their composition and relaVive proportions are liable 
to infinite variation, dependent upon the manner in which the distillation 
has been effected. In modem analysis, therefore, this method is rejected ; 
or at least only adopted where some specific product is to be examined, 
or where some general inference is to be drawn from the nature^ or pro- 
portions of the newly-produced compounds: ammonia^ for instance, denotes 
the presence of nitrogen; a large quantity of ot7 announces excess of 
hydrogen; and of acid excess of oxygen; the uncondensed gases^ and the 
residuary carbon may also be examined. 

The folloving is the form of apparatus in which these operations may 
be carried on: 



a is a luted glass or carthem retort, containu^ the xubstance to be 
decomposed, and placed in a sand-heat by which is gradually raised to a 
fed-heat. It is connected by the adapter c with the receiver rf, which is 
kept cool for the condensation of the liquid products; the gases pass into 
the bell-glassy standing over water or mercury, e is a tube of safetpy to 
allow for sudden expansion or contraction ; there being in its lower part 
a small quantity of mercury wdiich is occasionally elevated or depressed. 
The joints are secured by strips of bladder. 

If w'c again refer to the nature of ^fhe uUimaie elements of organic 
bodies, it is obvious that combustion in oxygen will enable us to deter- 
mine their relative proportions. To take the simplest instance, let ip 
suppose the subject of analysis to consist of carbon and hydrogen only; 
in that case the products of its entire and perfect combustion in excess of 
oxygen would be carbonic acid and water: the quantity of carbonic acid 
being determined, that of the carbon which had formed it, might be 
inferred; and this ascertained^ and compared w(th the original weight of 
the substance, would give the proportion of hydrogen : thus, supposing 7 
grains of the substance under examination yielded, by combustion in 
oxygen, 22 grains of carbonic acid, it would have consisted of 6 carbon 4- 
1 hydrogen; for 22 carbonic acid (consisting of G carbon + 16 psygen), 
are equivalent to 6 carbon. If the subject of analysis were a 
of carbon, hydrogen, and oxy^n, it might be expei^ent to deteim^e^ 
weight of the produced waief^ with a view of arriving at that of 
hydrogen. Let us ^ippdse I5 graing of a compound of carbon, ^ 

St 
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and oxygen, to afford 22 grains of carbonic acid, and 9 of Nmter; then 
we should again hare 6 of carbon, and 1 of hydrogen, (for 9 water 1 
hydrogen and 8 oxygen) and there would be a deficiency of 8 grains, 
(required to make up the original 15) which would be the inferred weight 
of the oxygen. When nitrogen is present, its quantitatire determination 
requires precautions to which I shall presently advert. So far, therefore, 
the mere theory of these ultimate analyses by combustion, is sufficiently 
simple, but the difficulties of manipulation are numerous and considerable; 
they relate, first, to the mode of efiecting the entire combustion of the 
organic compound, and secondly, to the accurate collection and quan- 
titotive determination of the products of combustion*. 

Gay Lussac and Thenard (^Recherches Pht/sico-Chhniques^ tom. ii.) 
were the first w’ho endeavoured to meet these difficulties, and to furnish 
accurate analyses, upon the principles just stated. The method of eftect- 
ing the combustion of an orgiinic product in oxygen, W'hich they originally 
adopted, consisted in forming a given w'eight of it into one or more 
pellets, with a requisite proportion of chlorate of potassa^ and then sub- 
jecting it to a red-heat. An account of their process is given in Thenard's 
Trade dc Chimie, with the following arrangement and description of the 
apparatus. A hole is made through a brick, l, and the glass tube a a' is 

passed througli it as 
far as to the small 
lateral tube un', which 
passes into the nior- 
curial trough. The 
lowerextremity (»f the 
tube rests upon the 
grate o, where it is to 
be heated red-hot by 
charcoal inflamed by 
the lamp n. A brass 
cock is fitted, by 
grinding, to the tube, 
c(/. It has a solid 
plug, dd', in which is 
a cavity large enough to contain one of the balls to be analyzed, and which 
is intr^uced at the opening e. The plug is then turned round, and the 
ball falls into the red-hot part of the tube, where it bums, the gases pass- 
ing into the mercurial apparatus, pf' is a basin, into which icc may be 
introduced to keep the metallic parts of the apparatus cool. It is con- 
venient to case the lower part of the tube a in iron, hs it is sometimes 
blown out at that part by the expansion within. 

I shall not advert to the further proceedings with this apparatus, be- 
cause it is rarely used. The chlorate of potassa is objectionable, because, 

* I have not space here to go into the j analyses tliat 1 shall afterwards have to 
many details connected with this diffi- refer to, and may render the data upon 
cult subject, which, indeed, can only be which they are founded intelligible. The 
learned in the laboratory : my object is fifth volume of Dumas* CMmie appiiquie 
to give the reader such an outline of the aus Art$^ may be profitably consulted for 
proceedings as may prevent the necessity more minute particulaFs; as also, the 
of recurring to them in the individual authors to wliich I refer in the text. 
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except in particular cases, perfect combustion cannot be ensured by it; 
that is, the evolved gas is too suddenly generated, and is never perfectly 
inodorous^ and in these analyses there should not be the smallest resi- 
duary vestige of the organic product appreciable by the empyreumatic 
smell of the produced carbonic acid or aqueous vapour. 

To avoid these imperfections of this method, Gay Lussac suggested the 
employment of oxide of copper as a source of oxygen fur the conilmstion, 
and it has the advantage of resisting decomposition when heated alone, 
whilst it readily yields oxygen to carbon and hydrogen, at high tempera- 
tures; so that by weighing it before and after the analysis, the quantity 
of oxygen imparted to the combustible may, if re<[uisite, be determined. 
The analysis, therefore, as now practised, consists in mixing the organic 
matter in due proportion with oxide of copper, and so subjecting it to com- 
bustion, that the carbon may lie entirely converted into carbonic acid^ and 
the hydrogen into water. When nitrogen is present it is collected in the 
state of gas, and the proportion of oxygen is estimated by the deficiency in 
the joint weights of the carbon, hydrogen, and nitrogen, as compared 
with the original W'cight of the portion of the organic produc subjected to 
annl3^sis. 

Tho oxide of copper is best obtained by heating copper-shavings to 
redness, exposed to air, and then bruising them in a mortar, by which the 
oxide is separated, and may be sifted off; or the plates may be successively 
quenched in W'ater, when the scales of oxide fall off, and may be dried, 
powdered, and heated to redness. The oxide derived from the ignition 
of nitrate of copper is sometimes preferable, being finer and lighter 
than the preceding ; as these oxides are hj/grometric^ they should bo kept 
in stopper-phials, and used warm, with as li<^tle exposure to air as possible. 

The tubes used in these analj’ses should be of green glass, and 
generally about three-tenths of an inch diameter, and from 15 to 18 
inches in length, sealed, and either dra^vn into a point, or rounded at the 
sealed end : the open extremity should be smoothed by fusion so as to 
receive a cork without danger of cracking ; and it is generally proper to 
protect the tube, by rolling a strip of thick copper-leaf spirally round it, 
tied at each end by a piece of wire. It may be heated either by means 
of (^oopers lamp-furnace, (Quart. Jour.^ xvii. 222,) or over charcoal, « 
in a temporary arrangement of a grate and fire-bricks, (Faradays 
Manipul.,) but all those arrangements must be left to the management 
of the operator, and require varying according to circumstances, only 
car(‘ must be taken that they are such as to enable us to heat successive 
portions of the tube at one time, and at another, to give its wliou length 
a red-heat. (Dumas, v.) The whole of this process will essentially vary 
in its details according to the peculiarities of the product under exami- 
nation, which, if liquid, requires also further modifications of the appa- 
ratus : for these 1 must refer to the details given by Dumas, and to a 
paper upon the subject by liebig, in the 21st volume of PoggendorflTs 
Annalen. If solid., three or four grains of it accurately w^eighed, and 
dried at 212° in vacuo over sulphuric acid, (see the means of effecting 
this described by Dr. Prout Ann of PhiLy vi. 272,) are mixed with 
about 200 grains of the oxide of copper, and introduced into the analy- 
xing-tube, into the end of which is previously placed about half an inch 



8U4 


ORGAXU* AKALYSIS. 


in length of small copper-shavings superficially oxidized ; these shavings 
should also occupy about two inches of the tube above, or us it lies 
horizontally, before the organic mixture, the object being to ktM*p the 
whole contents of the tube in a loose or porous condition, so tliat the 
gaseous products may escape from it without impediment, JVrliaps the 

annexed sketch may 
render this arrange- 
^ mom more intelligi- 
ble, in which a repre- 
sents the sealed end 
containing oxidized copper-turn iiigs, or fragments of the oxide ; b, the 
intimate mixture of the oxiile with the organic substance, ami c, the 
remaining portion of the tube containing turnings, or scales of oxide. 
In this case, the portion v is first heated to redness, and the heat is then 
gradually extended through b towards o, in such a manner, that all th<‘ 
products may have to traverse the lieated oxide ; for perfect and entire 
destruction of the matter subjected to experiiueiit* is the essential ])art 
of the process. Let us now suppose that the organic substance umler 
examination, is a ternary compound of hydrogen, carbon, ami oxygen ; it 
is obvious that the products will be water and carbonic arid : to ascertain 
the weight of the former, and tlience the weight of the In/drogcn 
required to form it, the products, as they eseape from r/, may be carried 
through a tube containing frtigments of fused chloride of calcium, and 
accurately -weighed ; by this, the vapour of wfiter will he absorbed, and 
the increase in the weight of the tube and its contents, will indurate its 
quantity : every 9 grains of increase are equivah*nt to I grain of liydro- 
gen. In the following cut (fig. 240), d represents the end of the decom- 
posing tube, (fig. 23,) 
to which is annexed 
the chloride of calcium 
tube p, from whlcli is- 
sues the smaller tube f : the junction at d is made air-tight by 
perforated cork. Tlie weight of the produced carbonic acid may he 

learned in two ways ; either 
by collecting it in its gas 
eons .state, and fletenniriing its 
hulk, and thence deducing its 
weight and that of the carbon 
w’hieh it contains; or by con- 
densing it into a weighed solu- 
tion of caustic potassa, and 
determining its quantity di- 
rectly, hj’ the incretisoof weight 
sustained by the solution. In 
the former case, the tube at^, 
(fig. 241,) is connected by the 
caoutchouc joint g, with the 
hent-tubc h, the extremity of 
which terminates in the in- 
verted graduated jar t filled 
with mercury. 
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In the latter case, the carbonic acid gas may be conducted from the 
extremity of the chloride of calcium tube,/J into the apparatus repre- 
sented in the annexed cut (fig. 242), which is a glass tube blown into 
several thin bulbular enlargements, and containing a solution of caustic 



potassa. In figure, 243, this condenser is shown connected with the 
chloride of calcium tulie J\ by short lengtlis of caoutchouc piping, and 
having anotlier tube A, containing fragments of fused potassa, attached in 
the same way to its other extremity This latter tul>e is only required 
where nitrogen is to be collected, and even then, as I shall presently 
state, n; ly be dispensed with’^ 

It will no>v, 1 think, l>e obvious, that after the abstraction of the 
fvalcr^ in the chloride of calcium tube, the carbonic acid n ill pass on into 
the solution of caustic potassa, through which, by properly inclining the 
apparatus, it may be made to pass in divided bubbles, and under some 
pressure, so as to ensure its total absorption. When the experiment is 
completed, the apparatus is allowed to cool, and in order to prevent any 
portion of the alkaline solution retrograding into the chloride tube, the 
tip of the analyzing- tube near r/, (fig. 239), is broken off, and any 
residuary carbonic acid may then be drawn into the alkaline solution, by 
applying gentle suction at the end of the tube A. (fig. 243.) The weight 
of the evolved carbonic acid is determined by accurately weighing the 
condenser with its alkaline solution, before and after the experiment. 

When nitrogen is a componoiu of the organic matter under exami-^ 
nation, the mixture with oxide of coppc‘r is made as usual, but the 
conter\ts of the fore-part of the analyzing-tube, r, (fig. 239,) must now 
consist of a mixture of shavings or filings of metallic copper ^ntb the 
oxide, and great care must he tiiktm sio^dy to conduct the evolved gases 
through this mixture, rather highly heated, in order to effect the com- 
plete evolution of the nitrogen, and to decompose the various compounds 
which that substance might possibly form with the oxygen, carbon, or 
hydrogen. The nitrogen then escapes through the tube A, (containing 
fragments of caustic potassa, or of chloride of calcium, to deprive it of 
humidity,) and. must be collected over mercury by connecting the end of 
that tube with the apparatus g, /f, i*, (fig. 241.) It is, however, in 
general, better, in cases wdiere the analysis is complicated by the presence 

• This useful apparatus is the contrivance of Justus Liebig. (Pof/ff. Anti,^ xxi.) 
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of nitrogen, to mate a separate experiment for the determination of its 
quantity : in that case, the evolved gases (carbonic acid and nitrogen,) 
may be collected in the mercuiiai apparatus, and the carbonic acid 
abstracted by a few fragments of fuE^ hydmte of potassa, when the 
nitrogen will remain, and its weight may then be inferred from the 
accurate determination of its bulk. 

Hy object in the preceding detaib, has been to render the prindpks 
of the ultimate analysis of organic products intelligible to the student ; 
the manipulations, in all their details, scarcely admit of useful description, 
and can only be learned by practice ; and the beginner will, I think, do 
well, to make each element the object of a separate jBxperiment; I mean, 
to employ one portion of the matter under examination for the deter- 
mination of the quantity of water formed, or of the elementary hydro- 
gen; another for the determination of the quantity of carbonic acid 
formed, or of the elementaiy carbon; and another for the nitrogen. 
The most experienced and dexterous chemist will also require repetitions 
of his analyses ; and in imdertaking these, he will do well to follow the 
recommendation of Dumas, who advises that these experiments should 
be made upon each substance in increasing quantities ; one, for instance, 
upon /frc^ one upon^/bur, and one upon sia: grains ; or in some such pro- 
portions. 

I shall conclude these observations upon the ultimate analjrsis of 
organic products, yriA the following abstract from Dr. Proufs paper upon 
this subject, {Phil. Trans.^ 1827,) which will elucidate some of the 
points that may appear obscure in tlte preceding paragraphs, and further 
explain some manipulatoiy details. Dr. Proufs object was, effectually to 
bum the organic substance in oxygen gas; in which case, supposing it 
to contain three elements, hydrogen, carbon, and oxygen, one of three ' 
things happens. 1. The origimd bulk of the oxygen gas remains the 
same, in which case the hydrogen and oxygen in the substance exist in it 
in the same proportions in which they exist in water : or, 2. The original 
bulk of the oxygen is increased, in which case the oxygen exists in the 
substance in a greater proportion than it exists in water ; or, 3. The 
original bulk of the oxygen is diminished, in which case the hydrogen 
predominates. 

Hence, in the first of these cases, the composition of a substance may 
be determined by ascertaining the quantity of carbonic add gas yielded 
by a known quantity of it ; while in the other two, the "^mme can be 
readily ascertained by the same data, and by noting the excess or diminu- 
tion of the original bulk of the oxygen* 

Fig. 244, represents a fronttliew of Dr. Proufs apparatus, for the 
determination of these points, ab is a platform, two feet square, sur- 
rounded by a ledge for preserving any mercury that may fall about, and 
famished with four adjustiii^ screws (of two of which, cc, are sectional 
riews.) Into this platform are fixed peipendiculariy four pillars, pb, 
PE, dboni four feet and a half high, supporting another small platform, 
VP, about four inches wide, and which may be fixed or removed at pleasure 
by the brass pins, ab, ab. ii are glass tuhtw, graduated to hundredths 
of a cubic inch, and cemented at bottom into semicircular iron tubes 
enclosed in the blocks xx (as represented by the dotted lines.) These 
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iron tubes project a little below tbe wood at the lower part, where they 
are furnished with iron stop-eocks, ss, for drawing off the mercury when 
it may be necessary. Into 


the other end of these 
semicircular tubes are like- 
wise cemented the glass 
tubes, > LL (of smaller di- 
mensions, and a little 
longer than the tubes ii), 
and forming with them, 
when taken together, in- 
verted siphons. Hie 
smaller tubes, ll, are sur- 
mounted by funnels, hr, 
furnished with stop-cocks, 
the object of which is to 
permit the mercury to flow, 
into them with any velo- 
city that may be required. 
On the tops of the larger 
tubes, II, are cemented the 
vertical stop-cocks, mm, of 
which fig. 245 is a sectional 
view oil a larger scale, and 
which renders the construc- 
tion so obvious, that per- 
haps no further remark is 
necessary, than merely 
stating that the cup a is 
filled with oil, and that the 
plug, by which is square at 
the upper part, and adapted 
to a key, is furnished with 
a shoulder, on which the 
screw-cap, c, rests, and by 
means of which it may be 
tightened at pleasure*. 

On the platform, ff, 
(fig. 244,) is a thin piece 
of wood, N, capable of 
being raised or depressed 
by the screws, oo; on this 
the lamp, o, is placed, at 
any distance that may be 
required from the tube P. 
Fig.246 is an enlarged view 



* The syphons are fixed together in- I This admits of their bdng r^laced by 
dependently of the general frame-work, others of different dzes. Thoim of a 
and may be removed at plesanre by j larger size have bidls near the top, as 
taking out ^e pins edy ody and e/, #/. ( represented by Uie dotted Une8,andiiMy 
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of Uiis lamp; it consists of two reservoirs, for holding the spirit, con- 
nected together by means of the tube, into which are placed, at the 
distance from one another of about ^ of an indi, a number of vertical 
burners, gg, about one-twelfih of an inch in diameter, and | of ^ inch 
long, and made as thin as possible, with the view of preventing the 
conduction of the heat. These burners are each furnished with a 
few threads of cotton, and are bent a little alternately like the • teeth 
of a saw, in order that their flame may envelop the tuhc p, (fig. 244,) 



more completely; A is a cover for the wick of the lamp when not in 
use. The tube p, (fijg. 244) is of green or Imttle glass, moderately 
stout, and about one-fifth of an inch internal diameter. It is fixed 





between the horizontal parts of the 
vertical cocks, m »i, so sis to be per- 
fectly air tight ; stnd when required, 
die whole, or any part of it, may 
be heated by means of the lamp, q, 
at the pleasure of the operator. 

When the apparatus is to be em« 
ployed, both the siphon-gasometers, 
iL, XL, are *to be filled with quick* 
silver, and a small green-glass n^tort, 
containing the requisite quantity of 
chlorate of potassa (previously heated 
so as to expel the common air, and 
fill it with oiygen) is to be attached 
to one of the cocks, as represented 
in fig. 247, by means of a caoutchouc 
tube. Heat is then to be applied, 
and any quantity of oxygen gas diat 
may be required, introduced into the 
tul^ X. After the whole has ac* 
quired the temperature of the atmo* 
sphere, die exact quantity of the gas 


contain as mueh aa 20 cubio inches of legs of the tiphon graduated, which may 
gas. It much facilitates die process of be easily done so as to obviate thoeflhets 
. determiiimg the exact quantity of gas of caplUaty aitracilon when the tubes 
contained in the apparatus, to have both are not bo& of the same oaUhre* 
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is to be aecttvately ^o^iced, as well as the state of the barometer and 
thermometer at the time. The tube p, containing the substance to be 
analyzed, is then to be firmly fixed between the cocks mm*, and sub- 
jected to heat, during which the oxygen gas is to he transferred from one 
siphon to another, through the red-hot tube, with any velocity that may 
be required, and which may be regulated by means of one of the stop- 
cocks of the funnels, rr, and the stop-cock, s, of the opposite siphon. 

Such is a general view of the apparatus, and the principles of its opera- 
tion ; but perhaps a few practical remarks on some of the circumstances to 
be attended to during its employment, may not be deemed superfluous. 

The substance to be analyzed may be pl^ed in a small tray of platinum- 
foil, and introduced alone into the tube p, and gradually submitted to the 
action of heat and oxygen gas ; but 
this does not answer well with organic 
compounds, as a portion of them is 
apt to escape combustion Another 
method is, to mix the substance with 
pure siliceous sand, and to retain 
the mixture in the centre of the 
tube by means of asbestos. But this 
method often fails, except there be 
about an inch of the oxide of copper 
at each end of the tube, which must 
be kept red-hot during the experi- 
ment, and in this case it succeeds 
completely with many substances. 

Another method, and that which the 
most generally succeeds, is to mix 
the substance with oxide of copper, 
to heat these together in the tube, 
in the first place, and afterwards to 
open the other stop-cock and send 
the oxygen gas through the ignited 
and partially reduced oxide, by 
means of which it again becomes 
peroxidized ; and any portion of the 
substance that had escaped complete 
combustion in the first part of the 
experiment, is now completely burnt. 

This last method is also that em- 
ployed when it is required to determine the quantity of carbonic acid 
gas yielded by a given quantity of any substance; only in this case, of 
course, oxygen gas is not required, and the contents of the tube p, must 
be taken out and well triturated, and subjected to heat a second time. If 
it should be required to analyze the gas formed, one method of removing 

* I have tried various modes of con- very tightly with fine dry twine. The 
necting the tube so as to ensure its being twine is then to be moistened alao^ and 
air-tight. Caoutchouc answers very the whole k^t in this state till the end 
well; but the beet substance ore ^ps of of the experiment 
thin moistened * hogs* bladder, tied on i 
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it from the tube, i, is represented at fig. 248; others will readily, 
occur to the practical chemist. 

The following are some of the adrantages of this apparatus, and mode 
of analyzing oiganic compounds. In the first and chief place/^Aere is nothing 
to be apprehended from moisture. Whether the substance to be analyzed 
be natundly a hydmte, or in whaterer state it may be with respect to water, 
the results will not be afiected ; and the great problem, whether the hydrogen 
and oxygen exist in the substance in the proportions in which they form 
water, or whether the hydrogen or oxygen predominates, will be equally 
satisfactorily solved, and that (of course within certain limits), indepen- 
dently of the weight of the substance operated on*. When, however, it 
is the object to ascertain the quantities of carbonic acid gas and water 
yielded by a substance, it is, of course, neeessary to operate on a known 
weight; W this being once determined, there is no fear, as in the 
common methods, of exposing the substance to the atmosphere as long as 
may be necessary. The hygrometric properties of the oxide of copper, as 
well as its property of condensing air, are also completely neutralized, for 
the w’hole, at the end of the experiment, being left precisely in the san)c 
state as it was at the commencement, the same condensation of course 
must take place, and any little differences that may exist are rendered 
quite unimportant from the bulk of oxygen gas operated on, which of 
course should, in all instances, be considerably greater tlian that of the 
carbonic acid gas formed. Another advantage of this ^method is, that 
perfect combustion is ensured by it. There is ^so no trouble of collecting 
or estimating the quantity of water, a port of the common process attended 
with much trouble, and liable to innumerable accidental errors, besides 
those already mentioned, and which there is no method of obviating or 
appreciating; here, on the contrary, the results are obtained in on obvious 
and permanent form, and, from the ease with which they are thus verified, 
comparatively very little subject to error. 

The form and principles of this apparatus render it well adapted for 
many other chemical operations besides the analysis of organized sub- 
stances. Such, for example, as the reduction of oxides by hydrogen, and 
a variety of others that will readily occur to the practical chemist. 

In the course of the following pages, many instances will occur of 
the different modes of expressing the ultimate composition of organic 
bodies, depending, as the following examples will show, upon the parta- 
eular view which may be taken of the secondary combinations of the 
elementary principles. 

It is customaiy with many chemists to represent the oxygen and 
hydrogen in certain vegetable substances, by the term water ^ and hence, 
where these elements are in the ratio to each other of 8 and 1, and in 

ffnion with carbon only, the exprenion hydrati qf earbtm, is sometimes 

applied to the compound. In the following table, which contains the 
results of the ultimate analyses of several organic compounds, by Gay 
Lussac and Thenard, the memiing of this expression will be evident, and 

* Itis tobeobseived thakthnni^ theerrm from this cause are thasren- 
ihe experiments, great cave li taken that dered definite, and are easily corrected 
we gases are Maturated with mdeture by Uddes cakulated fi»r the puipooe. 
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also of the terms, excess of hydrogen, and excess of oxygen, as applied 
to such ternary compounds, in which, as will be obsery^, nitrogen is 
not present. 


SUBSTANCES 

ANALYZED. 

Carbon. 

Oxygen. 

Hrdrofen. 

Or lupimiDg the Oxygen and 
^drogen to be in the atate of 


■ 

Carbon? 

Water. 

Exeew of 
Oxygen. 

Sugar . • • • 

42.47 

30.63 

6.90 

42.47 

37.33 

0 

Gum Arabic • • 

42.23 

30.84 

6.^ 

42.23 

37.77 

0 

Starch ...» 

43.35 

49.68 

6.77 

43.68 

36.43 

0 

Sugar of milk . • 

38.823 

83.834 

7.341 

38.825 

61.173 

0 

Lignin of Oak . . 

52.S3 

41.73 

3.69 

52.33 

47.47 

0 

„ of Beech • 

31.43 

42.73 

5.82 

81.48 

48.35 

0 

Mucous acid • . 

33.89 

62.67 

3.62 

36.69 

30.16 

36.15 

Oxalic acid . • 

26.57 

70.69 

2.74 

33.67 

22.87 

50.56 

Tartaric acid . . 

24.05 

69.32 

6.63 

24.05 

35.24 

20.71 

Citric acid . . • 

33.81 

39.86 

6.33 

33.81 

32.73 

13.44 

Acetic acid . . . 

30.22 

44.13 

$.63 

30.22 

46.P1 1 

2.87 

ifyil^gen 
in excess. 

Resin (of turpent.) 

73.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal .... 

76.81 

10.61 

12.58 

76.81 

12.03 

11.14 

Wax 

81.79 

3.54 

12.67 

81.79 

6.30 

11*91 

Olivo oil . • . 

77.21 

9.43 

13.36 

77.21 

10.71 

12.08 


They consider it demonstrated, in reference to these experiments, 
Ist. That a vegetable substance is acid, when the oxygen which: it con- 
tains is, to the hydrogen, in a proportion greater than is necessary to form 
water ; or where there is excess of oxygen, 2nd. That a vegetable sub- 
stance is resinousj oily^ or alcoholic^ where the oxygen is to the hydrogen 
in a less proportion than in water; or where there is excess of hydrogen; 
and, 3rd. That a vegetable substance is neither acid nor resinous^ but 
saccharine^ mucilaginmis^ &c., where the oxygen and hydrogen are in the 
same relative proportion as in water, or where there is no excess of either. 

To the correctness of these results, there are, however, exceptions, 
some of which have been pointed out by Saussure (Thomson s Annals^ 
voL vi.), and by Daniell {Journal qf Scietice and ArtSj vi., 326); but we 
shall have again to refer to other analyses of the above important pro- 
ducts. The vegetable principles, also, which include nitrogen, and among 
which are the vegeto^Ukedoids^ are not contained in the above table, so 
that, admitting the general principle qf classyication^ it may be modified 
as follows, in reference to vegetable proximate principles : — 

1. Triple compounds of carbon, hydrogen, and oxygen, in which the 

hydrogen and oxygen bear to each other the same relative proportion aa 
in water^ and which therefore are represented by ^•) 

2. Similar triple compounds, in which there is excess of hydrogen ; 

or(car+5^+A.) 

^ 3. Similar triple compounds, in which there is excess of oxygen ; or 

(car+9+0.) . 

4. Quadruple compounds of the above elements, with the addition of 
nitrogen, and represented by {COT +A+0+W.) 
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5. There are also some important organic products belonging to the 
class of hydrocarbons^ which will require much of our attention, and 
some of which, together with their general distinctive characters, have 
been already adverted to in the Section on Carbon. Although, there- 
fore, it will be nccessaiy often to digress from the arrangement of the 
vegetable proximate principles suggested by the above considerations, 
it may be resorted to as furnishing a general standard of reference. 

But, the mere determination of the rehitive proportions of the 
ultimate elements of these proximate principles, is not the only difficulty 
which this branch of the science presents; they must be viewed in 
reference to the Atomic Theory, in such a way, as to ascertain what 
number of elementary atoms are probably contained in what may be 
termed the proximate atom. Let us, for instance, suppose the case of 
tartaric acid : it contains per cent, 36 carbon, 3 hydrogen, 61 oxygen, 
and is therefore represented in general terms by {CCLT + (J-\-0)y but how 
can its ultimate atomic composition be made to tally with its proximate 
equivalent? The proximate equivalent of anhydrous tartaric acid, 
deduced from the weight of it which saturates salifiable. bases, is 66 ; if 
now, in reference to this equivalent, we consider it as constituted of 4 
atoms of carbon, 2 of hydrogen, and 5 of oxygen, we shall obtain 
numbers closely corresponding with the experimenfiU results; and which, 
therefore, we may presume to be the correct composition of its proxi- 
mate atom. Again, in reference to citric acid : analysis gives us its 
component parts per cent,^ as 41.38 carbon, 3.4.'S hydrogen, t55.17 
oxygen, and these relative proportions may be atomically represented by 
2 atoms of carbon, 1 of hydrogen, and 2 of oxygen, wdiich give the 
proximate equivalent 29. But then, one atom of any salifiable base, 
oxide of lead for instance, is neutralized, not by 29, but by 58 of citric 
acid ; we therefore assume its elementary composition to be 4 carbon, 2 
hydrogen, and 4 oxygen, = 58, which number coincides with its prox- 
imate equivalent, or combining proportion. 

There is another very imporffint but difficult consideration, arising 
out of these views of the ultimate composition of the organic proximate 
principles, which relates to the different views which may be taken of 
the manner in which the ultimate elements are arranged, or of the 
state in which they exist, in the original substance, before its decom- 
position. These views materially affect the perspicuity of our arrange- 
ments, as the foUowing instance will serve to show. Ether and alcohol 
are, like the acids just alluded to, compounds of carbon, hydrogen, and 
oxygen, but only in different proportions : ether is constituted per cent, 
of M.87 carbon, 13.51 hydrogen, 21.62 oxygen. Alcohol consists of 
52.18 carbon, 13.04 hydrogen, 34.78 oxygen; now the relative bearings 
of these numbers are such, as admit of ether being regarded as a com- 
pound of 4 atoms of carbon, 5 of hydrogen, and 1 of oxygen ; and 
alcohol of 2 atoms of carbon, 3 of hydrogen, and 1 of oxygen. But 
here, the carbon and hydrogen, and the oxygen and hydrogen, are to each 
other in such proportions as to admit of our considering ether as a 
compound of 2 atoms*of bihydrocarbon (or olefiant gas), and one atom of 
water ; and alcohol as a compound of 1 atom of bihydrocarbon gas, and 
1 of water ; hence we have 
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Ether = 2 (s A + 2 COLT) + ^ = dihydrate of bihydrocarhon. 

Alcohol 2 S (2 A + 2 COLT) 4* ^ = hydrate of bihydrocarhon. 

But there is another way of viewing the composition of these bodies, 
which consists in regarding quadrihydrocarbon^ and not hihydrocarhon, 
as the form of hydrocarbon present in them, and then ether would be a 
compound of 1 atom of quadrihydrocarbon and 1 of w'ater ; and alcohol^ 
a compound of 1 atom of quadrihydrocarbon and 2 of water. Or, 

Ether = (4 A+ iCCLV) + Q = hydrate of quadrihydrocarbon. 

Alcohol = (4 A+ aC(IT)+ 25 ^ = hihydrate of qujidrihydrocarbon. 

A third view of the atomic nature of alcohol and ether is this ; a 
hydrocarbon distinct from any of those already described, ‘(see pp. 480, 
et seq.,) and composed of 5 atoms of hydrogen + 4 of carbon, (the 
Etkule of Berzelius,) is the basis of ether and of alcohol : ether is an 
oxide of such hydrocarbon, and alcohol a hydrated oxide. Qr, 

Ether =r (5 A+ 4C^7’) + 0 = oxide of ethule. 

Alcohol = (5 A+ iCCLT+0)’\'q =r hydrate of ether. 

I might go on to show other theoretic views which may be taken of 
the atomic constitution of ether and alcohol, and also to apply the same 
mode of reasoning to the probable proximate arrangements of the 
ultimate elements in a variety of other organic compounds ; I have 
selected the above, as sufficient to point the student’s attention to the 
importance of the subject, and as instances to which 1 shall afterwards 
have occasion to refer : the present state of oiganic chemistry does not 
admit of many such generalizations ; such as may l)e safely adopted, I 
shall afterwards detail ; many are too hypothetical to come Svithin our 
limits; but the whole subject is of extreme interest, as promising to 
simplify the apparent confusion and complexity that prevail in reference 
to the relative proportions of the ultimate elements of organic products, 
and to enable us to group, or combine them under secondary forms, in 
many instances analogous to the binary arrangements of inorganic 
nature ; and to apply to them an equally perspicuous nomenclature. 

It is obvious, that by adopting any of the above definitions of ether 
and of alcohol, we acquire considerable facility in discussing their com- 
binations, and mutual conversion into each other, and that the terms 
hydrate and binhydrate of quadrihydrocarbon^ imply much more than 
the mere per centage statements of the elements : to illustrate this by a 
parallel case from inoiganic chemistry; suppose a compound the 
ultimate elements of 'which arc stated to be, per cent.^ 15.3J carbon, 
41.05 oxygen, 7-75 hydrogen, 35.85 nitrogen; this statement will be 
found compatible with, 1 atom of carbon, 2 of oxygen, 3 of hydrogen, 
and 1 of nitrogen ; but how much is this statement simplified, and how 
different its meaning, by so grouping the carbon and the oxygen as 
to represent carbonic acid^ and the nitrogen and hydrogen to represent 
ammonia ; the whole producing carbonate of ammonia^ or, 


Carbon . I . . 6 

Oxygen . 2 . . 16 

Hydrogen 3 . . 3 

Nitrogen . 1 . 14 

1 39 


41 05} 

Jias} • 

100.00 


1 . . 32 . . fi&4 
1 . . 17 . . ^6 

T 100.0 
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I shall have to adduce many similar instances derived from ofganic 
analyses, amply supported by experiment and analogy; and, as already 
remarked, importantly elucidating and simplifying these complicated 
researches. 

I now proceed to an enumeration of the principal pwimale elements, 
or immediate principles, of the vegetable kingdom ; to the methods of 
separating them from each other, and of obtiuning them in their insulated 
states ; to an examination of their properties and uses ; and to such 
views of their ultimate constitution as are founded upon researches 
carried on in reference to the preceding details. I cannot adhere strictly 
to the systematic arrangement above proposed, but it will constitute the 
foundation of the order in which they are enumerated. The immediately 
ensuing sections, therefore, of this chapter, will relate to those proximate 
principles in which the ultimate elements arc so combined as to constitute 
kgdrsdes qf carbon, and I first select those which are of most common 
and genend occurrence; I shall refer, as we proceed, to certain of their 
varieties or species, which belong to distinct genera of plants. 

§ III. Gum, 3Iccilag£, and their Varietii58. Pectin and Pfxtic 
A aD. Blrcic Acid and Pykomcc ic Acid. 

Under the term gum are included several modifications of a* distinct 
proximate prinnple of vegetables, which are of extnunely common and 
almost universal occurrence. To some of these the tenii mucilage is 
occasionally applied; and alt the varietK*s may be referred to one or 
other of ^faese species, gum-arabic furnishing a ehaiarteristic specimen 
of otTM, and gum-tragacanik of MrciLAoe; the former the produce of 
the Jcacia trra ; the latter of the Astragalus tragacantha^ 

Om occurs in the form of an exudation upon the bark of trees, and 
cdleets into drops which gradually harden by exposure, and of which 
gum ambic furnishes a very perfect example: it may also be discovenNi, 
mote or less abundantly, in the sap and jokes of almost all plants and 
fruits, where it is recognised by the properties we are about to describe. 

Oini Arabic occurs in rounded pieces, or lesrs, of various sixes; and 
when pure is brittle, traiwpareni, odourless, tasteless, inodorous, and of 
a specific gravity varying between 1.30 and 1 J>0. It docs not crystallixe, 
but when its aqueous soiutton is slowly evaporated, it remaiiis in n 
hydrated state, a^, though appairnlly dry, retains ^ut I? prr cent, of 
water, which it given off by desiccalion tn raroo over suiphuric acid at 
llenled id»ove 312°' it becomes yeliowisb, and slightly sour; and 
when Sttbjeefkl to destfucli ve disrillalion, yields iwid water, empyreumaltc 
oil, carbonic arid, and carbaretted hydrogen, and kqves a spongy residue 
of dmicoil. 

Gum is ikHrly soluM# in eoid wali|^ and more rapidly an boiling 
water, yieiding a nmcUagttUMii solution, wnidi is more or fesa visrtd and 
ebunmy accoimng to the pioportioa of gum held in solutioiL This sola* 
lion is somelffttes used as a g^ans or vnmtsh, and to give a gloss and 
stifhess to rihands, calko, fire. Whom subslatices, in a sW# of minute 
medhankal division, me suspended in k, it prevente their enhsidenoi; 
hence itsemployumnlaaaniiigiedkniof irrlring4iilc,and iff ioM 
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It is quite insoluble in absolute akohol and in ether; hence 0)c0hol 
occasions a white precipitate of hydrated gum, when added to its a«|aei|nt 
solution. 

When powdered gum-arabic is triturated into a paste with sulpkurU: 
aeidj the mixture gradually becomes brown, and if, after it has stood for 
24 hours, it is diluted with water and saturated by chalk, so as to abstract 
the acid, the gum retained in solution is somewhat modified, and 
resembles that which we shall afterwards describe as produced by the 
action of sulphuric acid upon lignin. Heated with sulphuric acid, gum 
is decomposed, sulphurous acid, and traces of acetic acid, and of artificial 
tannin are formed, and about 30 per cent, of carbon deposited upon the 
addition of water. Boiled with verp dilute sulphuric acid, it is partiaily 
converted into sugar. Nitric acid decomposes gum, and, when aided by 
heat, nitric oxide is evolved, and from 14 to 26 per cent, of mucic acid 
deposited on cooling. Longer digestion produces malic and oxalic acid. 
It would appear, from Vauquelin's experiments, that when chlorine is 
passed through a solution of gum, a portion of citric acid is generated, 
hut this requires verification. Powdered gum absorbs chlorine, and 
becomes brown and soft; 4t also absorbs muriatic acid, becommg brown, 
viscid, and evolving the gas when acted on by sulphuric acid. Iodine is 
apparent] V without action upon gum. 

The action of salifiable hasesy and of saliSy upon gum, has been inquired 
into by Berzelius, Bostock, Thomson, and several other chemists. 
According to Berzelius, a concentmted solution of gum is first coagulated 
by caustic pocassa, and then gradually liquefies, and alcohol throws down 
from the solution a compound of gum and potassa in the form of a curdy 
precipitate, which, when dried, is brittle and soluble in water: similar 
combinations may be made with the other dkaiis and earths. 

When a solution of gum is digested with finely-powdered oxide of lead, 
or with the recendy-precipitated hydrated oxide, a definite compound of 
gum and oxide of lead is formed: the same compound is obtained by 
adding subnitiate or subacetate of lead to a solution of gum, or by adding 
ammonia, not in excess, to a mixed solution of gum and nitnSe of lead; 
it is white and insoluble, and when carefully dried consists of 61.7^ 
and 38.25 oxide of lead. A solution of gum<irahic is precipitated by 
silicate of potassa; it is coagulated by a solution of borax, and the 
coagulum is soluble in free acid: in this respect gum resembles starch, 
but difiers from mucilage. AVIien persulphate of iron is dropped into 
solution of gum-arabic, a yellow^ gelatinous precipitate falls, soluble in 
free acid and in caustic potassa, but only partidly soluble in boiling water. 
One part of gum in 1000 of water gives a yellow precipitate after 24 
hours. This action npon persalts of iron is peculiar to gum-aiabie. 
Protonitiate of mercury also affords a precipitate with gum. (^Benciins.) 

The term mucilagb is applied to a modification of gum, of wh^ ihe 
substance known in commerce gmm^ragacatUh may be taken as the 
type. It is in the form of white or yellowish semiliaiuipaient flakes, or 
curled and crinkled pieces, and so tough as not to admit of bring 
powdered till dried at 212% when it loses about 10 jwr csnl^ of water, 
and becomes brittle. It does not dissolve like gum-einbic^ hoi Wluni 
steeped in water swells into a bulky murila|^us mass, iriddb, whm 
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lK>iM mth water> gmduallj acquires the appearance of a tolotton of 
ordinaiy gum, Acc^tng to Queriii» 100 parts of tragacanth yield 53. 
of gttm (aiiiilogous to gum ambic), and 33 of mucUage (or Bastorin^ a 
niuciliqpnous substance, described by Vauquelin as forming the bulk of 
gum Bassora, Ann, du Musinmy xri, J07)» the remainder being water 
and oxalate of lime. 

Gum SK.NKo.iL, Ciierav-tbke Gum (Cerasin)^ and that of fieavA and 
apricoi trees, and other S{>ecie8 of Prunns^ togetlier with the gum of starch 
and lignin, artificial products aOerwanls to be noticed, lire closely aiuilogous 
to guni-anibic, or become so when they are hoiied with watt^r. Tlie 
mucilage of qiiince^ecd, linseed^ of the pidals of the mangold (Geiger's 
Calendulitt)^ and that of sevend of tlie guni-resiiis, |mrtake of the 
generic characters of tragacanth, or of mixtures of gum and mucilage. 
Sareocolla and lalep also exhibit the same characters. 

Ultimate Compositio.n axd Equivalent of Gum. According to 
Ik^rzelius s analysis of the insoluble and anhydrous com|»ound of gum and 
oxide of lead (gummatc of lead), the oxygen in the gum is to that in the 
oxide of lead as 12 to I, and if we regard it as a neutral compdund, it 
wilt consist of 


Gum . . . 

. 1 

186 


61.76 

Oxide of lead . 

. 1 

. 112 

:i7iv 

38.26 



...... 

.... — ... 

« .... 


1 

298 

100.0 

» 100.00 


The ultimate composition of gum, therefore, as represetitird by IWrzelius, 
is shown in the following table, together with the results of some other 
analysts (excluding a trace of nitrogen.) 

Hrntrlinm. Pr*iitl. f,uw«c. 

Carbon . . 13 . 78 * 41.94 . 4 I 4 KNI . 4i.4 . 42.24 . 4.N.H0 

Hydrogei^V. 12 . 12 . ^48 . AjBS , 6.6 . 6.93 . 6.06 

Oxygen . . 12 . 96 . dl.6l . . 62.1 . 60.86,, , 49.24 

1 186 190.00 100.000 lOO.O lOO.OO 100.00 

•..e 

PectijT; pEcnc Acin. I'ndi’t this term (from atssIk, coagulnm), 
Braconnot has describcil the jelltf of fruits, a sulaitanre which had 
generally been regarded as a com|M)und of gum anti vegetable acid : it 
had Y>een distinguished from aniin^ jelly by dericieiicy in nitrogen. It 
is obtained from many fruits, by carefully expressing their juice and 
evaporating it more or less, at a tempeniture not exceeding 212^^. It 
may be obtaine<l by the aildition of alcohol to recently-€*xpresse<l currant 
or gooseberry juice : in the course of a few' hours a gelatinous substance 
separates, which must be washed with weak alcohol and dried ; it then 
resembles isinglass in appearance, and, when digested in cold water, 
swells into a soft pulp like starch, but is not blued by iodine. When 
heated with a small quantity of potassa, or soda, or of their carbonates, 
it is converted into what has been termed Peciic acid. This acid is earily 
obtained by the action of alkalis on the ligneous tissue of some vegetables: 
it combines with bases, and may be again separated from them by other 
acids. (Braconnot, Ann, de Ckim. et P5y#., xxviii. and xxx.) The alkaline 
peciaien are solnUe, but tbe pedate qf lime is insoluble. It may be 
procured from the rasped roots of carrots and turnips; and deposited 
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from a mixture of one-fourth of the juice of eherriee and'tliree-fourthtt of 
the juice of gooseberries, and, wlien Wiished carefully, first with dihite 
alcohol, and then with cold distilled water, is pure, with the exception of 
a little colouring-matter. 

• To obtain pectic acid from the carrot, the root is rasped, pressed, and 
wiished with cominoii water, until the latter passes off limpid. Every 
100 partd of the pressed carrot, with 5 parts of bicarbonate of potassa, are 
boiled in water to form a clear fluid, and then again pressed ; a strong 
solution of pedate of pot asm is thus obtained, which, being decomposed 
by excess of solution of chloride of calcium, gives an insoluble pedate 
of lime. This, washed, iind treated with water acidulated by muriatic 
acid, and finally with pure water, affords pure pectic acid. 

Ill preparing it in this or any other wa}^ water containing earthy 
salts should be Ciirefully avoided, as they are decomposed, and precipitate 
it. It lias been much recommended in France as a part of the diet f*f 
invalids, and is said to be an antidote against many of the poisonous salts. 
(//«w^ de Chim. et Phys.^ xxx., 06.) 

Pectic acid has not been quantitatively analyzed, but pectate of 
potiussa (neutral) is said to consi.st of 15 poUissa -4- 85 pcctic aciJ: so that 
the equivalent of the pectic acid would be about 270 . 

Mveic Ann; Saclaotic Aciik This acid is produced by the action 
of nitric acid upon g//vi, or upon sugttr o/ tfi ilk. It was discovered by 
Sclieele (Oyn/^r., ii., 3). It is obtained by heating in a r<‘tort about 
3 parts of gum-arabic and 5 of nitric acid, diluted with half its weight of 
water; carbonic ju‘id and nitrous gas are evolved, and when the efter- 
vesoeiice lias nearly ceastnl, t!)e mixture is allowc<l to cool: it then 
dcposit.s a wliito sediiiieiv, which is iiiucic acid: 1 [virt of .mgar of milk 
may be substituted for the gum, and exactly the saii'.e produ^ is obtained. 
It may be purified as follows: add ammonia, in sHghts^ccss, to the 
impure acid, and afterwards a&much boiling distilled w'ater as w ill dis- 
solve the salt foriiicd. Filter the solution wdiile boiling-hot, and then 
eva|K>nfteU very slowdy, nearly to dryness. Tlie mucate of ammonia w ill 
be scfiarated in the form of crystals, which are to be washed with cold 
distilled water til! they become quite white and pure. I'liey are now to 
be again dissolved in distilled water, ;uid tlie boiling sotunited i:olution 
) permitted to drop from a filter into cold diluted nitric acid. This latter, 
of course, decomposes the inucat<% and precipitates the acid in a state of 
purity. (Prout, Phil. Trans.^ 1827-) I'his acid is sparingly soluble in 
W’ater, requiring 66 parts, at 212^^, and is deposited as the solution cools, 
in the form of a wdiite gritty pow'der, of a slightly acid taste. It is iiiso-. 
Inble in alcohol. It combines with the nmtallic oxides, and forms a class 
of salts railed mucaies^ or sacladates. 

The salts of this acid have been especially examined by Trommsdorff, 
who, with Ilerzclius, agrees in assigning to it the equivalent 105: accord- 
ing to these chemists the mucate of lead^ which is insoluble in water, 
consists of 

lU*n(eliui. Trainm«doilT. 

Oxide of lead . . I • . 112 . . 51.GI . . 51.66 • . 51.5 

Muctc acid . . • 1 . • 105 . . 48.39 . . 48.33 . . 48.5 


I 


217 


100.00 


100.00 

3h 


100.0 
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The following are the analyses of the mucic acid iit reference to this 


equivalent. 

Cai'bon . . 

6 . . 

36 . . 

:u.29 

Gny-l.ussnc 

Bcrzuliiis. ixnd Tlu'uurd. 

. . 33.430 . . 33.69 . 

Prout. 

.33.3:1 

Hydrogen . 

5 . . 

5 . . 

4.76 

. . 5.105 . . 3.62 . 

4.94 

Oxygen \ . 

8 . . 

64 . . 

60.95 

. . 61.465 . . 62.69 . 

61.73 


1 

105 

100.00 

100.000 100.00 

100.00 

Pyromucic Acid. 

When 

mucous 

acid is subjected to dcstructiv 


distillation it yields about one-fifteenth of its weight of pt/ro?nucic acid, 
part of which sublimes, and part dissolves in the distilled liquid. The 
Avhole is dissolved in water, and filtered through animal charcoal, evapo- 
rated and crystallized, or agiiin sublimed. This acid is permanent in the 
air, inodorous, very sour, fusible at 270% and rises in vapour at a few 
degrees above that point, condensing in drops which concrete in fine 
acicular crystids, soluble in 26 parts of cold, and in less of boiling, water, 
and more soluble in alcohol. (Ilouton Tiubillardiere, Ann. de Chim. vt 
Pht/s., ix., 36n.) It consists, in its anhydrous or combined state, of, 

nuuiisiii:'nult. 


Carbon . . 

. 10 . 

. 60 

. . 58.3 

. . 58.74 

Hydrogen . 

. 3 . 

3 

2.9 

. . 2.88 

Oxygen . . 

. 5 

. 40 

. . 38.8 

. . 38.38 


1 

103 

100.0 

100.00 


The crystallized aci<l appcjirs to include 2 atoms of >vater, and, 
according to Dumas, is isomeric wdth pyrocilric acid, and in its anhydrous 
state, with the pyromcconic. 

The siilts of this acid (Pt/romucafes) arc almost all soluble: the only 
metallic salts which are precipitated by it being those of tin* peroxide of 
iron^ protoxide of mercury, and of tin. It is as good a precipitant of the 
persalts of iron as succinic, or benzoic acid. 


§ IV. SUGAR. 

Cane Sugar. 'Honey Sugar. Grape Sugar. Mannite. Liquorice 
Sugar, or Glycyriiizin. Mushroom Sugar. 


Sugar may be extracted from the juice of a number of vegetables, and 
is contained in all those having a xweei taste: that which is commonly 
employed is the produce of the arundo saccharijera, or Jitn^nr-canc, a 
plant which tlirives in hot climates. 

The constituents of cane-juice are 


Water, Albumen, 

Sugar, (rrcen Fccula, 

Gum, Lipin, 

Vegetable Mucilage, Acetic Acid, 

Gluten, Malic Acid, 


Acetate of Linio, 
Acetate of Fotasli, 
Super Malaic of 
Lime, 

Sulphate of Lime. 


Crystallizable or Cane-Sugar. The art of making sugar consists 
in isolating the concrete sugar from all the substances with which it is 
associated in canc-juice, and the plan is as follows. 

The cane, when ripe, is cut off at the root, stripped of leaves and 
ends, then passed twice through the mill, so as to express all the juice. 
To prevent fermentation, which commences most rapidly in new juice, a 
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portion of lime (about 1 to ]6(K)) is immediately mixed witli tlie juice, 
which is then passed through a scries of Imih^rs to tlie last evaporating 
vessel called a tcachc. The syrup there is boiled until it granulates 
to proofs and is then transferred into coolers for the crystals to form 
and separate from the molasses or treacle; after which it is packed into 
hogsheads for exportation to this country, under the name of muscovado 
or raw sugar. 

During the process of extracting raw sugar from the cane-jmee^ 
the saccharine matter is materially affected, its colour is darkened, and 
its power of crystallization considerably weakened. 

When the sugar-cane lias attained its full maturity for grinding, little 
or no colouring-matter is contained in the juice, but it exists in the 
waxy or resinous particles combined with the green fccula, which are 
left in the sugar, when the green fccula is precipitated liy the lime. In 
boiling, the alkali sets free the colouring-matter, which is dissolved by 
high temperatures, and thus by the application of heat, Sl'gar, from its 
extraordinary solvent powers, suffers more or less at all tern jxjrat ores. 

lly evaporating the cane-juice in open pans, the heat of the vessel 
itself is above 1100° Fahr., and as the juice cannot support a tempera- 
ture of 225° without decomposition of the green fccula and other 
vegetiilile matter, the saccharine matter must necessarily undergo great 
changes. Solid anhydrous sugar is made fluid at 300°, and at 302° 
is decomposed : the syrups are therefore darkened by the charring and 
carlionization of the juice at the bottom of the evaporating vessels. The 
saccharine matter thus decomposed is probably converted into gum, 
(Dr. Thomson describes sugar as diftering from gum merely by containing 
an atom of water less. II once an atom of sugar + an atom of water, 
constitute an atom of gum.) 

Ill addition to the injurious effects of heat on the saccharine matter, 
tlierc is another principle, opposed to crystallization, existing in the 
defecated juice, which is vcget^ible mucihige, and which, at a boiling 
tcmjwniturc, is converted into a matter analogous to gum. Dr. Turner 
describes it most correctly. *‘The s;iccharine principle of trcoclv has 
been supposed to be different from crystal lizablo sug:ir: but it consists 
chiefly of common sugar, which is prevented from crystallizing by the 
presence of foreign substiuices, such as saline and other vegetable 
matters." 

The process of Refimno Sugar consists in separating the pure 
crystals from the unerystallizable and colouring-matter existing in the 
sugar-cane, and subsequently increased on converting the canc-jtiicv into 
raw or Muscovado sugar. The following is a sketch of the modem 
proct'ss by which e^ugar refined i Ifeiw sugar is clioscn for the purpose 
l>y the sharpiKvss and brightness of the grain, and those kinds arc preferred 
whiidi have a peculiar gray hue. ISHift-grained yellow sugars, although 
whiter, arc not so fit for refining, and it is for this reason that sugars 
from particular colonies are seldom used, such as those from the liist 
Indies, llarbadoes, &c. 

The proper sugar being selected, the pans arc charged with a certain 
portion of lime-water, with which bullocks’ blood is ^vell mixed by 
agitation. They are then filled with the sugar, which is suflered to 
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stand a niglit to dissolve. The nse of the lime-water is to render the 
molasses more soluble, and thus to facilitate its sepanition from the pure 
solid sugar. In the purer kinds, and more especially when the refined is 
redissolved for the purpose of bringing it to its utmost d<*gree of purity, 
lime is not used; the quantity of molasses being so small as to he easily 
removed by the agency of water alone. 

Fires are lighted under the pans earU' in the morning, and when the 
liquid begins to boil, the albumen of the bhxxl coagulates and rises to the 
top, bringing the impurities of the sugar with it. These are taken off with 
a skimmer. The liquid is kept gently simmering and eontinually skimmed, 
till a small quantity, taken in a metallic spoon, appears transj>arent : this 
generally takes from four to five hours. Tlie whiteness of the sugar is 
not improved by tliis process, but even sometimes deteriorated, from the 
action of the fire : it only servos to remove foreign impurities. 

The colour (as the refiners term it) or whiteness of the sugar when 
refined, depends in a gp?at measure on the quantity of animal chaiToal 
used in this part of tlie process. It is applied fVe«iuently to the first 
solution of the sugar and water. In some refining-houses the solution is 
filtered tliroiigli beds of animal charcoal. The solution is, when perfectly 
bright and clear, run off into a large cistcni. 

The pans are then reduced to half their size by faking off tlunr 
fronts, and a quantity of syrup returned into each, wbicli is made to 
boil as rapidly as possible, till it is capable of being drawn into threads. 
Nothing but j>racti< e can ascertain tlie exact point at which the boiling 
should be stopped: if carried too far, the molasses is again bound up 
with the sugar; and if not carried far enough, much of the sugar r\insoff 
with the molasses in the after-process. When this point is ase«*rtained, 
the fire is damped, and the boiling sugar carried to the antlers: a fresh 
quantity is then pumped into the pans, which is evaponited as l>efbre. 

When the .sugar is in the coolers, it is agitated with wooden oars .rill 
it appears granulated, and is no longer capable of being drawn intf> 
threads. It is upon this agitation in the cooler that the whiteness and 
fineness of grain in the refined sugar depf*iid. The crystals are thus 
broken whilst forming, and the whole converted into a granular mass, 
which permits the coloured liquid .saccharine matter to run off, aiul 
which would he combined with the .solid if suffered to form in larger 
crystals. This granular texture likewise facilitates the percolation of 
water through the loave.s in the after-process, ^vhicli washes tfie minutely- 
divided cry.stals from all remaining molasses. That this is the true 
theory of the whitening of sugar by tlie process of refining, appears 
from a comparison with the process of making eainhj. In this latter, 
the raw material is cleared and boiled exactly in the same manner ; but 
instead of being put into cooIits and agitated^ it is poured into potS^ 
across which threads are strung, to which the crystals attach themselves; 
these are set in a stove, and great care i.s taken not to disturb the liquid, 
as upon this depends the largeness and beauty of the candy. In this 
slate it is h-ft for five or six days, expo.scd to a beat of about 95®, wbcTi 
it is taken out and washed with lime-water; this takes off the mola.sses 
from the outside, but a pf»rtion is combined in tb<^ crystals, and the 
consequence is, that candy is never whiter than the sugar from which it 
is made. 
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When the sugar has arrived at that ^;ranular state in the coolers, 
above described, it is poured into conical eartlieii moulds, ^vhich have 
previously been soaked a night in water. In these it is again agitated 
with sticks, for the purpose of extricating the air-bubbks which would 
otharwise adhere to the sugar and the moulds, and hjave the coat of the 
loaf rough and uneven. When sufficiently cold, the moulds are taken 
to the upper floors of the manufactory, and tin? j)aper stops being 
removed from their points, they arc set, with their broad ends upward, 
upon earthen pots. The first portions of the liquid molasses soon run 
down, and leave the sugar w'hitened by the separation. Tliis self- 
clearance is assisted by a high temperature ; and when it is perfected, 
pipe-clay, carefully mixed witli water to the consistence of cream, is put 
upon the base of loaves to the thickness of about an inch : the water 
from this slowly percolates tlieiii ; and, w'ashiiig the solid sugar from all 
tinge of molasses, runs into pots. The clay is of no otlier use tliaii to 
retain the water, and prevent its running too nipidly through the mass, 
hy w hieh too much of the sugar would he dissolved : a sponge, di]»ped 
into water, acts in the same manner. The process of claying is re]K attJ 
four or five times, according to the nature of the sugar, and the degree 
to which it has been boiled. Wlien the loaves are cleansed from all 
remains of the coloured fluid, they are sutfered to remain some time for 
the water to drain off; wlieii tliis iscomp!c:cd, they arc sot with their bases 
downwards, wlien all remains of it return from their points, and it is 
equally diffused througliout : they are then set in a stove, heated to 
about 115®, and thoroughl)' dried. 

The syrupy or the mixed solution of sugar and molasses which runs 
into tlie ]K)ts, is ininglod in the next boilings with the solution of raw’ 
sugar in (he pans, and again evaporated. It is divided according to its 
fineness ; the first running, containing most molasses, is reserved for the 
coarser loaves ; whilst the last, being little else than a solution of sugar, 
is boiled into loaves, of the same degree of fineness as those from which 
it ran. The lowest syrups are boiled into wdiat is called bastard sngar^ 
from w’hich the molasses runs w’itli very little mixture of the solid 
sugar. This is called treacle^ and is incapable of further crystallization. 

The produce of 1 cwt. of raw’ sugar worked in tliis manner is, upon 
an average, (>3 lbs. refined, IH lbs. luistard, 2/ lbs. molasses, 4 lbs. lost 
weight, dirt, &e., equal to 112 lbs. 

4’lu* process above described may almost he considered as mecliauical. 
'riie only truly chemical parts of it arc the clearing with blood, and the 
use of lime-water, whieli combines with the molasses, and facilitates its 
solution during the percolation of the water. 

It cannot be doubted that much improvement may he made in 
refining sngar^ hy the aid of chcniistryy so as to produce a much larger 
quantity of rv/invd from raw sugar^ by extracting all the feculent and 
albuniiiious particles remaining in the raw sugar, and which, when 
agtiiii exposed to heat, at high temperatures, in the process of refining, 
furtlicr decompose the saccharine niattor, and add still more to the 
iiudasscs and mucilaginous matter enveloping the pure crystals in the 
raw sugar. The phui of nffiniiig hy open pans is now nearly superseded 
ill this country, hy the application of steam, and llow(u‘d*s plan of eviv- 



pomliiig in vacno^ or at least under a grcatly-dimini»hed atooepheric 
ptieasure, by wliicb exposure to any temperature, liable to injure the 
sugar, is ei&ctually prevented. The process of dating is now generally 
omitt^, and a strong solution of veiy white sugar is sulistituted. The 
principle is, that water, having a stronger affinity for tlic niohiss(*s than 
for the solid sugar, will percolate the crystals, Cturying the molasstrs, and 
leaving sugar to enlarge and aggregate the crystals, rendering tlie loaves 
of more weight and closer grain. 

In the boiling of sugar it is always desirable to avoid such elevation 
of temperature as may in luiy way tend to discolour or decompose it, and 
high-pressure steam, oil, and various saline solutif^us, have acconliiigly 
been resorted to as media for the coniniunicatioii of lie.it, the f)bject 
being rapidly to boil and evaporate, without elevating the temperature to 
that point at which sugar suffers incipient decomposition. Acconling 
to Dr. Henry, ‘‘a mixture of one part of water and three ol sugar boils 
rapidly at 230° ; and from this to 240" is its due temperature. If a 
solution* of sugar he further concentrated by the evaporation of water, 
the thermometer rises to 340^. Tlio sugsir then begins to turn black, and 
at 370 ^ it takes fire, on applying llanie to its vapour, and burns strongly, 
leaving a residuum of cliarcoal.** 

Pi ke »Si:(rAK is a white lirittle substance of a pure sweet taste. Its 
specific gravity is about 1 .0 It is dissolved in its own weight of cold 
water, and boiling water dissolves a considerably larger (|iiantity. This 
a»|uooiis solution is oallod sy/n^p ; it is viscid, and iuniisht‘s crystals in 
tlic fona of four and six-side<l prisms, irregularly teniiinatcd, composed, 
according to Berzelius, of KM) sugar + 5.0 water. J^ugar is soluble pit 
alcohol, but more sparingly so than in water; when of the specific 
gravity pf .030, it takes up about one-fourth its weight of pure white 
sugar; hut absolute alcohol dissolves only about one-eightieth of its 
weight at its boiling-point, and on cooling, almost the whole separates in 
small crystals. "When efjmd parts of strong syrup and alcohol are mixed, 
a quantity of small brilliant crystals of sugar arc soon deposited. 

Pure sugar is unchanged by air, and perfectly-purc syrup is not prone 
to change ; but the addition of other vegetable substances, tbougli in 
very minute quantity, materially influences the action of air on this 
solution. Tliese, and other changes of such mixtures, we shall consider 
under the article fermentation. 

Concentrated sulphuric acid decomposes sugar, evolving charcoal, 
and producing water and acetic acid. It is a striking expcriinent U> mix 
about equal weights of strong synip and sulpliuric acid ; the mixture, 
when stirred, presently becomes >>rown and black, then suddenly heats, 
effcjrvesces, and passes into the state of an almost solid and very bulky 
magma of charcoal; tlic acid appears suddenly to abstract from tlie 
sugar the elements of water. 

When sugar is dissolved in dilute sulphuiic acid and long boiled, it 
IS gradually altered and converted into that modification of sugar which 
is obtained by the action of the same acid upon starch. Nitric acid 
converts sugar into oxalic and other iudds. (8ee Oxalic Acid.) Chlorine, 
and muriatic acid giis an; absorbed by sugar ; they render it brown and 
clammy ; and chlorine yields muriatic acid, and a]q>arently some malic 
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ncid. When 3 or 4 per cent, of oxalic or tartaric acid are added to 
sugtfcr, it is rendered permanently uncrystallizable. 

Sugar combines with the i^ifiabic bases. The alkalis dissolve it, 
and destroy its sweet taste, which re*appears if an iicid be added. 
When, however, they are left long in contact of sugar, th(*y effect a 
more important change, becoming carbonated, and apparently convening 
the sugar into gum. Sugar absorbs ammoiiiacal gas, and forms witli it, 
according to llerzclius, a definite compound of I atom of sugar, 1 of 
ammonia, and 1 of water, w*hich, exposed to air, loses ammonia and 
leaves unaltered 8 Ug 2 ir. The hydrated alkaline earths arc soluble in 
large proportion in syrup. When the solutions are evaporated, unorys- 
taliizablc guni-Uk<; compounds remain, insoluble in alcohol. From a 
soluti(»n of sugar and lime. Hr. Daniell obtained crystals of carbonate of 
lime and a portion of gum. The addition of pbospliuret of lime to syrup 
produces an analogous change. {Journal of Science and the Aris^ vi. 32.) 

8yru]) dissolves hydrated oxide of copper, and the carbonate and 
siibaretiitc of copper, and forms blue or green solutions, from which 
alkalis do not throw down the oxide, but which are decomposed by 
sulphuretted hydrogen and by forrocyanuret of potassium. Some of the 
cuj)n‘ou.s salts are reduced, or atibrd precipitated suboxide, when boiled 
with sugar. 

Wlioii oxide of lead is digested in a solution or sugar, it forms a 
yellfjw alkaline liquid, wliich, on evaporation, yields a tough deliquescent 
mass. But when a solution of sugar is boiled with excess of oxide of 
lead, and filtered whilst liot, it deposits, after some hours, bulky flakes of 
an insoluble tasteless compound, which may be dried without dmmi- 
position, in vacuo: it is soluble in the acids, and when diffused through 
water may l»e decomposed by a current of carl>onic acid, which fi»rms 
carbonate of lead, and the sugar is evolved. IV*Fzelius considers this as 
a compound of 1 atom of sugar, and 2 atoms of oxide of lead : it consists 
of 42.«k5 sugar, a*nd 57di5 oxide of lead. 

Wliou sugar is boiled with solution of nitrate of silver, a Mack 
powiler is foniKul, which has not been examined : from porch loridc of 
incrcurv it throws down the protochlorule : and when mixed with solu- 
tions of peroxide of iron, the whole of the oxide Ciuuiot be precipitated 
by ammonia. 

>\'hoii sugar is exposed to a heat of 212" it undergoes no otlier 
change tlian that occasioned by the loss of adhering water ; but at 3()0® 
it begins to fuse, becomes browui, evolves a little wafer, and is resolved 
at liigiier temperatures into new’ arrangements of its component, elements. 
Dr. IVout found that sugar, exposed for seven hours to a temperature of 
300*^, only lost 0.i> per cenf, of its weight, but its pi-opcrties were per- 
manently injured. If suddenly elevated to a tenipemture of about 5t)0', 
it bursts into flume. 

In sugtir, iis in gum, tlic oxygon mid hydrogen are to each other in 
the same relative proportions as in water, so that its ultimate composition 
is theoretically representetl by CCIT 4- 9* relation of the carbon 

t») the water, or the absolute equivalent of sugar, is not so easily deter- 
mined, ia eonsoquenco of the varieties of sugar <liffering a little in the 
relative proportion of carbon wliieh they eonUiiii: if this be assiuued at 





40 per ceni. then the carbon and water will be in the ratio of their 
respective equivalents*, but there is, in the greater number of the lumlyses, 
an excess of carbon in reference to their equivalents, and in regard t(» 
the weight of the projchnate equlvitlenl of sugar, the onlv coiujMmnd troni 
wliioli it be deduced is that with oxide of lead. It the iiisoltibb* 
sacckarate of lendy above described, be regarded as composed of 1 atom 
of sugar and 2 of oxide of lead, the number 162 will Ih? the representative 
of sugar, and we may then adopt the following stiiteiueiitf of its ultimate 
composition. 

Carbon .... 12 . . 72 . . 44.4 . . 44.09 

Hydrogen ... 10 . . lU . . 0.2 . . fS.41 

Oxygen ... 10 . . HO . . 10.4 . . 48.00 

1 102 1(M).0 1(HI.0(« 

These are the results of the luialysis of the anhtfdrous sttpa/\ as it is 
presumed to exist in combination with oxide of lead: rrtfstalliial 
dried at 212^ is juesumed to consist of 

lU ifi‘iii- i 

Anhydrous Sugar . . I . . ll.‘2 . . 1M.74 . . !»l.7 

Water 1 . . 9 . . 5.28 . . 5.3 

1 171 HMMNI |INi.f» 

or, in reference to ultimate constituents^ ciystallizcd sugar coutaius 
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To these 1 subjoin Dr, Prouts analysis of several varieties of sugar 
icsigiiuted as below. (Cinelins JJandbueh,) 


• Diiboreiner regards crystal]izi*d sugar as a coiiqiouiid of 8 atoms of earlMUi, 
r» of hydrogen, and 6 of oxygen, the carlnm lieing eqmilly divided between tiu? 
hydrogen and oxygen, so as to fonn a carbonate of hyflufcarlHm, 

f I have here omitted luilf an atom of hydrogen, which Herzelius' atuiiiic 
nuinliers rtHjuirc. 

X Hie following is Dr. I’rout’s statement of the coiiq>ositioii of tJu* difl’ereiit 


grades of siigsir. (P5i/. Traiw., 1827.) Onrhon. Wntv,. 

Pure sngar-candy 42.85 .... 57.15 

Impure sugar-candy 41.5 to 42.5 . . 58.5 to 57.5 

h^t India sugar-candy ({?) . . . 41.9 58.1 

Riiglish refined sugar 4 1.5 to 42.5 . . 58.5 to 57.5 

Fast India refined sugar (c) .... 42.2 57.8 

Maple sugar (v) 42.1 .... . 57.9 

IIoc>t-rooi sugar (e) 42.1 . 57.9 

East India moist su^ (e) .... 40.88 .... 50.12 

Sugar of diabetic urine 36 to 40? ... 64 to 60? 

Sugar of Narbonne honey .... 36..*I6 .... IKI.fKI 

Sugar from starch 36.2 6.3.8 


I In these; results JLeed Ixidies only liavo lieen allowed fi»r, anil those marked 
(f>), as occtirritig in commerce, are probably subject to slight variations in their 
eoinposiiioii. ] Du 



MAPLK AMD BEKT SUtiAK. 


906 


A HC I) B FG II 

Carbon 42.85 . . 42.00 . . 41.90 . . 42.20 . . 42.10 . . 40.88 

Mydrogen 8.35 . . 8.44 * . 8.48 . . 8.42 . . 8.43 . . 8.5? 

Oxygen 50.80 . . 51.58 . . 51.84 . . 51.38 . . 51.4? . . 52.55 

100.00 100.00 .100.00 100.00 100.00 l (»0.00 

A Purified candy; b West India candy; c English refined; i> East 
India candy; B East India refined ; f Maple-sugar; o Beet-sugar; ii East 
India moist. 

Mafle-Suoar is the produce of the jlcer naccharinum^ which is culti- 
vated as a source of sugar in North America. A hole is bored through 
the hark in spring, from which the sap flows to such an extent, that a 
tree of avenige size yields about ;>(> quarts in 24 hours; it contains 5 per 
cent, of sugar. The sap is collected during 5 or 0 weeks: it is rapidly 
lioiled down, and yields a coarse sugar, which, however, may he purified 
by the same processes us canc>sugr.r, and resembles it in its properties. 

Beet-Sluar is obtained from the Beta vulgaris. The manufacture 
of sugar from beet-root ha.s been successfully and extensively pursued in 
France: many interesting details respecting it will l>c fou.id in a paper 
in the Hu a r tori if Journal,^ xxi. 252. The roots, having been softened in 
water, are sliced, and the juice is expressed and boiled down to about 
two-thirds its bulk, with the addition of a little lime ; it is then strained, 
again evajwrated, and purified in the same way as cane-sugar. KKUbs 
of tlie root furnish between 4 and 5 lbs of purified white sugar, besides 
a quantity of syrup, at the a>erage ex|>ense (in France.) of between 
thre<»penco and foiiqience a pound. 

(lUAM LAR Sugar. This modification of sugar, (the Kriimel-zucker, 
cniml>ling or granular sugar of the German chemists), ;?xists ni the juice 
of sovtTal fruits, but especially in grapes, and may be produced artificially 
from lignin, starch, and some other substiuices which wc shall aftenviirds 
describe; it niav also be obtained from hoiiev. Granular su^ar forms 
th(‘ .saccharine concretions that are found in raisins; and as it exists 
abundantly in the juice of the grape it is often termed grape sugar. In 
good s<‘asons the oxj)rcssed juice of grapes contains from 30 to 40 per 
cent, of solid matter, the greater part of which is sug;ir: there is a snuill 

On tlio.se Dr. Front inak(« the following was $c*parated that differed but little in its 
n*iiinrks: “Thejr/< 7 /ir-ivfrw/ic« of the shops ' appearance from ciuie sugar. Tlie bcet^ 
fretpieiitly contain iiiiiiutc <|uniitities of . roo/ ftiffar Wius made and refined in 
foreign fixed 1 km1k»s,suc1wis lime, &c., os ; Fnutce; it wa.s perfi'ctly white, but 
wel 1 as othei*s of a destriietible character, rather soft and fine in the grain. The 
Doth the HpiH:imens of Imiia mgar^ amfy Ettsi Jmiia moist supar was of a very low 
I examined were oliviously impure to the kind, and known in commerce by the 
eye, Wing of a brown colour, and deli- name of /tfirf/rraM was deprived 

([iieKcent; they contained, nmoug other of its hygrometric moisture! before ana- 
things, trace.s of pot.osh. The East India lysis 1)y exi)osun' to sulphuric acid under 
refitii'd snpar wiu4 porfcctly white, but a rweiver. The diabetic supar was pro* 

rather t«oa ami friublCf and it did nut iKircd as above; the results given were 

l>os.sess the fine and hrillkuit grain of the obtained many years ago, and I lutvo had 
best refined sugars of commerce. For a no opportunity of repeating ilw anal^’sis 
specimen of tlie maple sugar 1 was in- with the present apparatus; I Indievo, 
dehted to Mr. Faraday; this, when I however, that diabt^iic sugars, in general, 
iweivtHl it , was very impure and deli- belong to the honey variety. The supar 
quiwcent, but by treating it by the pnuvss ! qf starch was prernired by myself in the 
above alluded to (see Phil. Tr.), a portion I^Msual iminner.'’ 
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reladvc quantity of gum, extractive, gluten, and bitartmte of |»otam. 
To obtain the sugar, the juice is neutrdiacd by the ailditioii of chalk or 
powdered marble, strain^ or filtered, niixetl with a littl*‘ white of egg, 
boiled, skimmcil, and evaporated till of the specific gravity of 1.32. It 
is then allowed to cool, and in a few days it concretes into a solid mass, 
which is drained, and tlien dried by pressure: it affords aibout 3 |)arts 
of dry sugar and 1 of s\Tup. The sugar may be rendered white by Imiliiig 
it w'itU charcoal. (Proust.) 

Honey. The substance secreted in the nectaries of flowers, in irol- 
Iccted by bees, aiul bv them converted into lio«t‘y and wax; the portion 
of sugar not required for nutriment is returned by the insect into the 
combs, in the form of a yellow syrup, the taste and smell of which diflV rs 
a little, according to the flowers whence it has been derived, but which 
is always yellow, viscid, and very sweet. Honey contains two kinds of 
sugar; thc'onc resembles that from the grape, the other is iincrvsUilIizable : 
Iioney also contains a yellow colouring-matter, wax. gum, and sometimes 
manna-sug:ir. The solid sugar is iimst easily obt.iinrd from tlh‘ gninular 
or crystalline honey, by the action of strtmg alcohol, which dissolves the 
other ingredients, but leaves the granular sugar. It may be wlii ti-ned l>y 
dissolving it in water, filtering, boiling with charcoal, and evaporating 
the solution til! it granulates when cold. 

GuAPE-J^rcAU is less soluble in water than cane-supir, and the syrup 
which it affords is less viscid. It dix*8 not swcoten so etTe<'tively as cam - 
sugar, and is loss soluble in alcoliol. WIm n dif».solved in boiling alndiol 
it is deposited in an irrogularly-crystalline mass 4m cooling. Acids act 
upon it as on cane-sugar, but it has b‘ss affinity for halifiable bases; 
it combines readily with subacetate of copper; wlmn its s<ilutioii is 
mixed with comm4>n siilt, dodet*acdra) crystals may be obt.aiiiHl from it, 
consisting of 25 chloride of sotlium, 7o sugar, and abrmt 7 prr rcw/. of 
water. Dry gnipe and honey .sugar Iiuve been aiialy7.cd with the following 
results, as given by Ginelin. 
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The sugar of malted graitu of diabetic urinc^ and that formed artifi- 
cially from starch and from irmHltfJibrCj has the general cbarartcTS of grajie- 
sugar: these wc shall afterwards examine. A similar sugar hiis also been 
fdittiined from the Spanish chestnut, to the amount of about J4 per cent. 
from those grown in Tuscany. The French chest nuts are less .mechariiie. 

Manmte; XfANNA-SroAK. This species of sugar is most ahunrlant 
in Manna, hut is also found in beet-root, celery, asparagus, onions, and 
probably in many other sweet pbuits: it is also contained in the sap of tin* 
larch (and other species of piuus)^ and exudes from their bark, hut it 
always tastes of tuq>cn tine. {Manna llrigantina,) Manna exudes from 
sevend species of ask^ especially from the Frajtinus orttus^ and rot undi- 
folia, The hesi flak C’-manna is imported from Sieily and Calabria, it is of 
a buff-colour, light, and transiuceiit| It has a slight odour, aud a sweet, 
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somewhat nauseous taste. Mannite is olitained from manna, by Yioiling 
it in alcohol: as the solution cools, it cryshillizes: it may be purific<l by 
pressure. By very slow crystallization it furnishes delicate four-sided 
iu;icular prisms. It forms about four>iifths of the best manna; the 
residue is common sugar, and a peculiar yellowish extractive matter, in 
which the aperient quality of the manna resides. 

Mannite is white, or nearly so, and very soluble in water: its aqueous 
solution, when sufficiently concentrated, concretes. Even when much 
diluted, it docs not ferment; so that it may in this way be s<?parated 
from the other varieties of sugar, for, when mixed with them, it remains 
undccoinposed, whilst they are converted into alcohol. 

The ultimate composition of mannite has not been satisfactorily 
detennined, in c«)iisequence of the difficulty of ascertaining whether it 
does or does not contain cliemically-combined water; nor is there any 
combination of it from which its proximate equivalent can be deduced. 
( fiiielin gives the following view of its supposed atomic constitution. 


Acforilint' to I'.-o'it. Airoriiiij; to Sauwiiro. 

— s — 


C^vrhon . . . 

. 15 

. . ih) 

. . 38.48 . . 

7 

. . 42 

. . 48.27 

Ifyilrogon . . 

. 10 

. . 10 

. . 8.84 . . 

5 

. . 5 

. . 5.75 

Oxy.L'iMi . . . 

. 10 

. . 128 

. . 54.70 . . 

5 

. . 10 

. . 45.98 

Dried at 212^ . 

. 1 

2;m 

100.00 

1 

87 

100.00 


lilUronirK-Si oAR. Glycyhiuzin. When a strong infusion of liquo- 
ilcoroot is slowly evaporated to a small bulk, and sulphuric acid added, 
a preeipitali* falls, couteiuing sugar iuid albumen, which is to be waslied 
>\itli water acidulated by sul[»huric acid, then with pure water, and 
a I tel* wards digosttnl in aleoltol, which leaves the albumen. A solution of 
I'ai'lKinate of potassa is then dropped irtto the alcoholic solution till its 
acid is neutralized ; it is tiltered and evaporated, and the sugar remains in 
the form of a yellow transparent mass, intensely sw*ect, and easily soluble 
in alcohol and water: it is characterized by its tendency to combine with 
acids, bases, and salts. With acids it forms difficultly soluble corn- 
]K>unds. Sulphate of ^lijcifrhiziu is tough, ;md sweet without acidity; it 
dissolves in boiling water, and gelatinizco on cooling: its alcoholic solu- 
tion is not precipitated by water. Acetate of gltfcyrhizhi resembles the 
suipluitc, but is more soluble, and forms a stiller jelly. Glycyrrhizin 
combines with bases, mid, when digested with alkaline carbonates, gra- 
dually displaces cxirboufc acid, and fonns soluble compounds, which are 
not <lecoinposed by carbonic acid. It occasions precipitates in most 
metallic salts. An analogous sugar has been found in tiie leaves of the 
Ahrus precatorius^ and in the root of the Polif podium vulgarc. (Berzelius.) 

MusiiuooM iStTGAU w'fis discovered by Braconnot in several species of 
(igurkm^ and other tuid by i^hradcr in moreh* {Hcfvdla mUra,^ 
It is obtained by triturating the fungus with a little water, pressing it, 
and evaporating the expressed liquid nearly to drjmcss: the dry residue 
is digested in alcohol, and the solution yields crystals of the sugar on 
evaporation ; they are square prisms, colourless when pure, slightly 
sweet, and loss soluble than cane-sugar. Concentrated sulphuric acid 
forms with it a red solution, from which u white coaguliim 'separates on 
the addition of water. 
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§ V. &rARCII AND ITS VARIETIES/ InULIN. LiCHENIN, ETC. 

.Starch, or Fecula^ may be separated from a variety of vegetable sub- 
stances; it is contained in the esculent grr/i/ur and other seed.s\ in many 
rootsy in the stems of several species of palms, (seldom in those of 
dicotyledonous plants,) and in different lichens. The process for ob- 
taining it consists in diffusing the powdered or bruised grain or seed, or 
the rasped root or stein, in cold w’ater, ivhich becomes white and turbid ; 
the grosser parts may be separated by a strainer, and the milky liquor 
which passes, deposits the starch, which is to be washed in cold water, 
and dried in a gentle heat. 

Common Starch may be obtained by steeping the grain containing it in 
water till it becomes soft ; then putting it into coarse linen bags, and press- 
ing them in vats of water: a milky juice exudes, and the starch falls to the 
bottom of the vat. The supernatant liquor undergoes a slight fermenta- 
tion, and a portion of alcohol and acetic acid is formed, which dissolves 
some impurities in the deposited starch ; it is then collected, washed, and 
dried in a moderate heat. The greater part of the starch employed in 
this country, is made in or near London. It may be obtained from the 
meal or flour of wheat, rye, or other gniin, or from ]»otatoes*, and other 
farinaceous roots, but the starch commonly sold is almost exclusively 
made from wheal-meal. Tlie process consists in disengaging the fecula 
and other parts of the grain from the gluten, by fermentation and n*- 
peated washing. The w’heat, coarsely ground, is j»ut into a vat with a 
sufficient quantity of cold w'atcr, in which it lies and ferments, some- 
times seven or eight days, and at others longer, according Jis it may he 
wanted, or as the weather promotes or retards fermentation. When the 
fermentation is over, which is known by the starch settling at the bottom 
of the vat, the whole is taken out by small quantities at a time, and put 
into hair-sieves and waslicd with water, which separates the bran frimi 
it, the fine parts running through the sieve with the water into shallow' 
tubs, or vessels, called frames. The fermentation becomes acetous, and 

• is obtained by reducing I two species, the Saffns gcnu’ma (Hiiin- 

{>otato to a pulp, and washing it with | phius), and Sagns farinifera ( f^iinarck ) 
cold w'ater upon a sieve; tiic fccula is Sec ilooker and Hamilton, in Curtin's 
deposited in the form of a w’liite pow'der, Botanical Maganine, vol. Iv,, or N.S ^ 
denser than common starcli, and exhi- vol. ii., Plates 2820, 2827. 
biting larger spherules under the micro- The pith of these [)alm8 is mixed with 
sco{H*, hut [K)ssessed of its essential cha- cold water, and the starchy deposit 
racters. According to Dr. Pearson granulated and dried : its colour dept^iids 
iii., 383), 100 {mrts of upon the heat at which it has been 
frf.*sh |)otato, deprived of skin, contain desiccated. Though Sago posNi*8s(^s the 
water 88 to 72, and meal 32 to 28. The leading character of starch, that of pre- 
meal consists of starch 15 to 17j fibrous cipitating iodine blue, it difl’ers from 
matter 8 to 9, mucilage 5 to 8. common starch by its solubility in cold 

I^mpadiuH has also analyzed several water. (Caventou.) 
varieties of the }K>tato. (^n.«^iV*t7.v.39.) Tapioca and Casnava arc prepared 

Sftgo, Tapioca, and Cassava, are idso from an American plant, the lalropha 
varieties of starcli. Sago is prodUGCd, tmuHwly tllC HlUky juiCC Of Wllicll is 
not from the Cyeas circinalis, nor indeed poisonous, but diffused through watiu' 
from any species of Cycas, but from true diqmsits a harmless starch, nearly tdlied 
l>aiiU8 of the genus Sagns, and of at least to sago. 
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what runs through tho sioves contains the starch suspended in a very 
foul stcid liquor, called sour wftler. In a]>out two days after this opera- 
tion, the starch settles at the bottom of the fmmes, the sour water is then 
drawn off, and the dirty discoloured part, which is the hist that subsides, and" 
therefore is at the top, is scraped off; the surface of the remaining starch 
is then wa’Slicd, till it is nearly free from the mucihiginous sediment. 
'I'lu* top, called xlimes^ is put into another frame or tub, and treated 
similarly, to obtain the starch from it. The starch is stirred ivith fresh 
Avatcr and stniined tlirough a finer siei'e into another frame or tub, when, 
being nearly cleansed of its impurities, it is called a greew water. In 
two or three days the starch settles at the bottom of the frame or tub, 
where it is kept till it is either ivashed again, or hoxed. If it is ivashed 
.again, in the manner aboA’e described, the part Avashed off is called a 
while waler^ instead of a sfime ; the other part being still called a green 
water. The starch, being sufficiently pure and settled, is t.akcn out of the 
frames or tubs, and put into oblong boxes, about liA'e ft‘et long and om? 
broad, Avith holes in the bottom and lined Avith linen cloth, to drain and 
liarden, AA'hcre it soon becomes solid enough to be cut into square lumps : 
it is then turned out of the boxes and laid upon bricks (which absorb the 
moisture,) for two or three days to dry. When sufticiendy hard, the 
pieces arc put into tho stove^ a square building fitted up Avith racks, on 
CAMTV sid(‘, at proper distances for receiAung the pieces, and heated from 
beIoAA\ Here they remain in a moderate heat for about tAvo days, till ii 
slimy crust forms on the surface. When taken out of the stoA^e, the 
crustt'd part is carefully scraped off. and the remainder, AA-hicli is now 
p(‘rh'ct star<*h, is papered, lahelled, and stamped, and placed again .in the 
stov(‘, with a good tire, for about thr<.e days, till quite dry. During this 
drying the lumps craek pretty uniformly into the^mall pieces, in Avhich 
tlH'V appear Avheii sold. The slimes and Avhite Avaters are treated in the 
same Avay. till all the starch is got from them, and hoxed, dniineJ, and 
dried, as before. (Sec the Eighth Report of the Commission o/’ Excise 
fnqnirt/^ U134.) 

Pure starchy from Avhatcvcr source it is obtained, is a Avhito substance, 
of a specific gmvity about l.o, insoluble in cold AAiiter, but readily 
soluble* at a temperature between and 180 '. Iis solution is gela- 
tinous, and by careful evapomtion yields a substance resembling gum in 
ap[jear.ince, AA'hieh is a compound of starch and Avater. Starch is insoluble 
in alcolnd .and in etlicr, and occasions no precipitate in the gre.ater 
number of metallic solutions ; in solution of subacetate of lead, Iioaa'- 
ever, it occasions a copious precipitate. The most characteristic property 

• I liaA'o used tho term solutum of stan h may, it is siiid, lie discriminated, 
star(‘li, ns applicable to the (mlinary by their microscopic characters. Berze* 
appejiranrt'H that ensue, but Itnspail ha.s liiis saj^ that the action of hot Awuter 
shown lliat the A’arieties of starch con- upon starch is not a tnie solution, but 
sist of small brilliant spherules, oiudi of a SAvelling up or gidatinization of the 
which has a coating less soluble than its standi, .and that only a small portion is 
Jiitorior ; that In*at hui-sts ilu^e, and lots actually dissolved : hut, in roforence to 
out their coiiteiits, Avhicli consist of a the gonornl ehomical agencies of starch, 
gum-like Hiikstancc (called by lUot, it wall not he necessary to enter into 
iltwlriue f) the term umidine has also been these distinctions, 
applied to it. The different vaneties of 
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of starch is that of forming a hhie compound with ioilino ; it may Ik? 
obtained by adding an aqiieous solution of iodine to a dilute solution of 
starch. (See p. 341.) Starch absorbs chlorine, becoming semifluid, brown, 
'and sour, and evolving carlujnic and muriatic iicid. 

When a decoction of starch (it should l)e pure and free from gluten,) 
is kept, in or out of the contact of tur, for six or eight weeks, water 
being oecnsionaJIy added to prevent desiccation, and the temjioniture 
between GO® and 00®, a portion of sugsir is gnidually formed in it. (Sjiu.s- 
surc, Jn/i. de C/ihn. el Pht/s.^ xi., 370.) The following tabic shows more 
explicitly the nature of these changes *. 



A* 

B. 

c. 

D. 

E. 

r. 

Sugar 

37.00 

47.4 

. 40.7 

. 35.4 

30.4 

. 1.00 

Gum 

10.00 

23.0 

. 0.7 

. 17.5 

17.-2 

. 0.30 

Ainidiiic .... 

i4.:io 

8.0 

. 5.2 

. 18.7 

17.0 

1.00 

Si.irch 

5.tt3 

4.0 

. 3.8 

. 0.4 

0.3 

. 08.00 

Ligneous starch . . 

10.5,3 

10.3 

. 0.2 

. 7.0 

4.4 


CarlKmaceous lignin 
Soft resin .... 

trace 

0.30 

tmee 

0.3 

trace 
loss 0.0 

0.2 



77.05* 

o:i.6 

77.0 

04.0 

78.6 

ll) 0 .s« 


A, is the composition of the residue of 100 parts of vdteai-sfarch made 
into a paste with 12(H) of water, and left in a covered but not air-tight 
saucer for two years; a gray, mouldy, imnlorous, semifluid paste, iiot acid, 
remained, which, drieil at 212®, yielded the above results, n is a similar 
experiment, in which the starch-paste was kept for tliirty-cight days, in 
a well-corked phial containing a little air. c the same as n, hut air freely 
admitted, p, a similar paste of j}otato*slarchy left for forty-two days in d 
bottle, with a tube cemented into it for carrying off gas ; a little liydrogen 
and carbonic acid W'crc evolved, e the siime as n, but freely exposed. 
F, the starcli-pastc as above, left for forty days in a glass vessel fllh'd 
with carbonic acid. The term amidme^ in the above table, is applied “ to 
a substance intermediate between gum and starch and ligneoHs .starch 
to a product insoluble in boiling water and in many acids, ])Ut still becom- 
ing purple with iodine. The carbonaceous Ilguiv gives a brown colour 
to the respective solutions. The influence of carbonic ;icid in preventing 
the decomposition of starch is strikingly shown by the contents of tlic last 
column. If gluicfi be present, starch l^cgins to pfiss into sugar in a few 
hours t. 

* The facililgr with which is j AfuU is barley wiiich has been inatb^ 

sometiincs formed is shown in the c'liaiij'c j to ^i^nnnijmto to a certain extent, after 
which the pTilp of many apple's uiidc'r- 1 which the prorcjss is Ktop]H*d by heat, 
fjoes when exjKisccl to air, lKt'OTiiin;> | The Karley is stwpecl in eold water, and 
brown, and at the same time much ' is then made into a heap, or couch, upon 
sweeter. Tliis chanicter iHslongs to the* j the inalt-floor : hero it alworlm oxyj'**n, 
apples which are preferre<l for epflcr,sou\ • and evolves carlK)iiic acid; its tt'inpera- 
Ls obvious by the rapid alteration of j turc augments, and then it is occasionally 
colour which they cxhiliit when cut ' turned, to prevent its iKtcoming too 

through so as to expose* the interior. warm# In this process the mdieie 

i* Tlie change of starch into sugar is lengthens, and the plume, called by llic 
always oliserved during the germination maltsters acrospire, elongates ; and when 
of seeds, and in the proc<?SH of malting a" it has nearly rcochcd the opposite ex- 
mmiW conversion is effected. (Bee page tremity of the sik^hI, its further growth is 

arrested by drying at a temperature 
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Tho dilute acids dissolve starch, and the solution, hy continued boiling, 
yields gum and sugar. The conversion of sUirch into sugsir by these 
means was discovered by Kirchoff, of Petersburgh, not accidentally^ but 
in consei^ucncc of Napoleon’s exclusion of colonial produce from Russia, 
during the enforcement of what wsis termed the Continental System: his 
ingenuity w<is rewarded by the Emperor of Russia, with an annuity of 
1000 rubles. His method consisted in boiling with very dilute sulphuric 
acid. A pound of starch may be digested in six or eight pints of distilled 
water, rendered slightly acid by tw'o or three drachms of sulphuric acid. 
The mixture sliould be simmered for a few days, fresh portions of water 
being occasionally added to compeiLSiite for the loss by evaponition. 
After this process, the acid is satunited by a proper proportion of chalk, 
Jind the mixture filtered and evaporated to the consistence of syrup; its 
taste is sweet, and, by purification in the usual way, it affords granular 
sugar. Dr. Tuthill digested a pound and a half of jMtato starch (obtained 
from about 9 pounds of potatoes) in a mixture of (i pints of distilled 
water, and a quarter of an ounce (by weight) of sulphuric acid, at a 
boilingdieat ; the mixture wjis afterwards stirred, and fresh water occa- 
sionally iiddcd to supply loss by cv*aporatiou. After thirty-four houi-s an 
ounce of powdered charcoal was added, and the boiling resumed for two 
hours. The acid w«as then carefully satumtod by lime, and the boiling 
continued for half an hour, when the liquor was strained through calico. 
Tlic insoluble residue, after having been washed and dried, consisted of 
charcoal and sulphate of lime. The filtered liquor %vas evaporated to the 
thickness of syrup; and being set aside, became, in eight days, a crystal- 
lized mass, resembling brown sugar and treacle. Tlie sugar weighed one 
pound and a quarter. One pound of it, fermented in the usual way, 
afforded, on distillation, 14 drachms of proof-spirit. {Nicholson s Journal j 
xxxiii.) 301. dc la Rive and Saussure have shown that tlie contact of 
air is unnecessary in the above process; that no part of the acid is decom- 
posed, no gjis evolved, and that the actual sugar obtained exceeds, by 
about one-tenth, the original w’cightof the starch. Hence Saussure coii- 


wlowly elevated to iriO" or moiv. The 
malt is then cleansed of the rootlets. 
According to I>r. 'riiomson, Karley loses 
nlMuit It per vent. l»y converting it into 
malt, of which 

1 .5 is canned off hy the steep-water. 

3.0 di.ssipat(Ml on the floor, 

3.0 roots separating by demising, 

O.ri waste. 

H.O 

'rim following are his eoiii]>ai’ative 
analyses of nnmalteil and innltcni Imrley, 
showing the cluuigos which have taken 
place in the operation. 

Gum .... f> ... 14 

Sngar ... 4 ... IB 

Gluten ... 3 . . . 1 

Starch ... flfl ... flO 

100 harley 100 imdt. 


Acconling to Proust {Jnn. deChm,ct 
Phys.^ V., barley also contains a 

peculiar suKstaiice, insoluhle in hot water, 
which he calls hordcift, and which, duruig 
malting, is diminished in <jiiaiitity, and 
converted into sug?ir or starch, llillierto 
honhnn .•q>pears to Iiave hdln confounded 
with starch. The following are his com- 
imnitive analyses : — 

hi 100 tif Harloy. In 100 of Malt 


Resin . . 

. . 1 

1 

Gum . . 

4 


Sugtir . . 

. . 5 


Gluten . 

. . 3 


Starch . 

. . 32 

5fl 

llordciu 

. . lid 

n 


100 

100 


The starch of malt also differs in somo 
of its proiKTlics fi-om that of liarley. 
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cliulcs that the conrersion of shircli iuto sugar depends upon the solidi- 
fication of wjiter, a conclusion home out by the comparative analyses. 
According to Kirchofi^ nitric, muriatic, and oxalic acids may bo substi- 
tuted in the above process for sulphuric ; but phosphoric, tartaric, and 
acetic acids, are inefiectivc. The actual uatui'e, however, of the change 
is not satis^'torily understood, imd the experiments show'ing that starch 
posses into sugar without the intervention of any acid whatever, render 
these results doubtful. 1 shall afterwards have occasion to notice an 
analogous conversion of wood iuto gum-sugar. 

A trife cr}’stallizable com])Ound of starch and sulphuric acid may he 
obtained by dissolving, in a gentle heat, one part of starch in three of 
sulphuric acid, previously diluted with thirty-six parts of w'ater, and 
mixing the solution with alcohol, which throws down a precipitate com- 
posed of starch and sulphate of starch ; w1h‘U washed with alcohol, dis- 
solve<l in a small portion of w*ator, and left to spontaneous evaponition, 
ilcicuhur crystals of sulphate of starch are formed, from whieji the free 
acid, contained in the mother-liquor, may be washed with alcohol. Thes<' 
crystals are not perfectly soluble in water without slight decoinpositij)ii. 
(.Saussure.) 

Concentrated sulphuric acid converts starch into a hlai'k magma, with 
the evolution of sulphurous acid: when wattT is ad»led, more or loss 
carbon is thrown down. Nitric acid easily drssolves staroli when warm, 
and converts it into malic aiul oxalic acids, without a titcc of n)uci<? acid. 
Muriatic acid forms witli starch a solution, which, if evaporated, becomes 
thick and brown. (Dfraelius.) 

AVith the fixed alkalis .stiirch forms more divided compounds than 
with th(‘ acids. With caustic pobissa it produces a combinalioii soluble 
in water and in alcohol, from which acids sej>arato the starch. Potato- 
starch is mure readily dissolved by the idkaliS than wheut-stareh. Lime 
and baryta form with starch insoluble compouiids, liWiieh full when a 
solution of .starch is added to lime or baryta- water. When a boiling 
solution of starch is mixed with subacet.ite or suhiiitiate of lead, a white 
curdy compound falls, and the subssdt becomes neutnd. "J'be precipitate 
consists, according to Berzelius, of 72 starch + oxide of lend. None 
of the combinations of starch with the ssdts are intere.sting or important. 
It exerts, however, according to Vauquelin, an evifTcnt soU;ent power over 
phosphate of lime. According to Bose, the presence of starch prevents 
the precipitation of oxide of iron by the alkalis. 

Stiirch cfbmhincs with tannin, and the compound is oest obtained by 
filtering a hot solution of starch in iiifu.sion of galls; as it cools, the 
tannatc of starch falls. It is thrown down wiieii a strong infusion of 
gfills is mixed with one of starch, hut the prc^cipitatc dissolves on the 
application of heat. Starch is not thus precipitated by all the varieties 
of tannin, nor does it apparcntlj combine with artificial tafinin. 

When starch is heated to 212®, it loses a little iif weight from the 
loss of water, not combined, but adhering, for starch is anhj/drous. At a 
somewhat higher temperature it iKvomes pale-hrown, modified in solu- 
bility, acquires a .slight odour, ami is converted into the om/rffii of some 
chemists. W hen heated till vapour ris<.‘s from it, and it acquires a decidwl 
brown tinge, it is converted into a modirtcaliou of giim, beconiitig soluble 
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in cold and hot water, and losing its gelatinous character. Instead of 
blue, iodine gives it a dingy purple tint. Starch thus altered by roastiuig, 
is known In commerce under the name of British gum, and is often used 
as a substitute for gum arabic^ in the processes of calico-printing, and for 
stiffening different goods. According to F. Marcet the ultimate com- 
ponents of torrefied starch are carbon 35.7, hydrogen 6.2, oxygen 58,1. 

Tub ultimate Analysis of Starch, regarding it as a compound of 
carbon and the elements of water, variously repre- 

sented in reference to its proximate equivalents, and till this is more 
accurately determined, the probable composition of the atom of starch 
must remain doubtful. If the amylateqf lead be regarded as a compound 
of 3 atoms of starch and 1 atom of oxide of lead, the number 96 will be 
the equivalent of starch, and it will consist of 

Oay Luump. 


Carbon . . 

7 . 

. 42 . 

. 43.75 

»n<l 

. . 43.55 . 

Prout. 

. '42.80 . 

Berzrliuft 

. 44.250 

Hydrogen . 

8 . 

. 8 . 

. 8.25 

«.77 

6.35 . 

6.874 

Oxygen . . 

8 . 

. 48 . 

. 50.00 

. . 49.68 . 

. 50.85 . 

. 49.676 


1 

98 

100.00 

100.00 

100.00 

100.000 


The following, in other terms, are the comparative results of the 
ultimate analysis of three varieties of starch, dried at 212°*. 


Wiieat Siiirch. Arrovr.ioot. 

Carlion . 42.80 . . 44.40 

Water 57.20 . . 55.00 


I'olalo SiArch. 
44.25 
55.75 


100.00 


100.00 100.00 


• Dr. Prout, referring to the identity 
in coiniK>8ition between the sugar of 
honey and arrow-root under the ordinary ; 
circumstances of tho atmosphere, infers I 
that differences exist among the varieties 
of amglaceous principles analogous to 
those existing among sugars; or, in other 
words, that there are Imc starches as well ' 
as lots sugars ; wheat^tarch he places at 
tho head of the starches, and considers 
arrow-root as the lowest %'ariety. “ Whe- 
ther arrow-root,” he observes, “ be the 
lowest that exists, I am unable to say ; 
but I have met with none lower; and 
have reason to believe that the greater 
portion of the other varieties of the 
amyUiccous principle known to exist, 
like the varieties of sugar al>ove given, | 
art^ intermediate in their composition 
Iwtweeji arrow-root and wheat-starch. ^ 
“ Tho identity of composition betw*eon 
whcai-«tarch and cane-sugaT) and be* j 
tween tho sugar of honey and arrow- 1 
root, seems to show that, though these ! 
bodies are not actually capable of as- j 
suming the crystalline form, yet the 
original tendency amo^ their esseutUit j 
elements to combine in certain propor- 
tions (and perhapa to assume certain 


fonus) still continues to operate, though 
in a mitigated degree, and thus to exert, 
as it were, a feeble ninif, or endeavour 
toward the maintenance of certain defi- 
nite modes of existence.” 

In reference to what are usually called 
the extratieaus or foreign ingredients of 
certain vegetable prindplesf Dr. Prout 
has the following remarks : — 

“ It has been know'n from the very 
infancy of chemistry, that all oiganized 
bodies, besides the elements of which 
they are essentially composed, contain 
minute quantities of different foreign 
bodies, such as the earthy and alkaline 
salts, iron, Tliese have been usually 
considered as mere mechanical mixtures 
accidentally present; but I can by no 
means sub^ribe to this opinion. Indeed, 
much attention to this subject for many 
years past, has satisfied me that they 

perform the most imporUmt funcQoiU! 

in abort, that oiganization cannot take 
place without them. This point will be 
more fully investigated hereafter: at 
present it is sufficient merely to obaerve, 
that many of those remarkable changes 
which crystallised bodies undergo on 
becoming organised, are more apparent 
3n 
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Invlin. This modification of starch was discovered in Jli04, hy V. 
Rose, in the root of the Inula helenintn : it has been found by Payen 
{Ann. de Chim. et Phys.^ xxvi. 102,) in the tubers of the Dahlia, and also 
in other plants, so that a variety of names have been given to it in 
reference to its sources, such as Dahline^ Menyanthine^ Datiscin^ dec. 
Rose obtained it in the form of a white precipitate, deposited during the 
cooling of a strong decoction of elecampane root. Payen procured it 
from the grated root of the Dahlhi, which was first washed witli cold 
water, then boiled with the addition of a little chalk, strained, and 
filter^ through charcoal, and chirified by white of egg; it was then 
evaporated till a pellicle formed upon the surface : duri.ig cooling the 
inulin w*as deposited, to the amount of 10 per cent, of the original n>ot. 
The expressed juice of the potato also yields a little inulin (aWut 3 per 
cent.) when evaporated. 

Inulin is purified f^y dissolving it in hot water, and ct>oIing the solu- 
tion, when it is deposited in the form of a white insipid, iiuMlornus, 
ciystalline powder, specific gravity 1.3iS0. Heated a little above 212"^, 
it loses water and fuses. Iodine renders it yellow. It is insol ulile in 
cold, but sparingly soluble in boiling alcohol : dilute acids dissolve it, 
and readily convert it, by boiling, into gum and sugar. In other resp<*ets 
also, it is analogous to common starch. 

Lichen Starch ; Liciienin. Most liclieiiH contain a species of 
starch: it may In? obtained from the Lichen istandicus as follows : — it is 
cut into shreds, and infused in about IM parts of <*old water, to which 
carlK)nate of potiissa is added in the proportion of 120 grains to eacli 
pound of moss. After 24 hours the moss is drained upon a sieve, (not 
pressed^) and thoroughly edulcomted by cold water ; if is then Imiled in 
9 pints of water down to 0, and the decoction strained and squeezed out 
whilst hot. The strained liquor, at first clear and cnlonrless, becomes, on 
cooling, a gray opaque jelly, wdiicli, if suspended in a cloth, or drietl on 
blotting-paper, l>ec<iiues hard as it dries, and of a djirk colour. Redis- 
solved in boiling water, it may Iw again gelatinized. It is tasteless, 
insoluble In alcohol and ether, f'ontairis no nitrogen, and ^dehls on 
destructive distillation the same pHslncts as potato- starch. It is only 
slightly soluble in cold water, and wlieii long and rep<»atedly boiled, it 
loses its property of gelatinizing. Imiine renderM it dingy green. The 
dilute acids prevent its gelatinization, and gradually change it into gum 
and sugar. It is copiously precipitated l»y subacctate of lead, but, in 
other respects, resembles common starch. 


than real; that is to say, their chemical 
composition frequently remains ess^Mi- 
tially the same; and the only [joint of 
difference that can be traced, is the pre- 
sence of a little more or lc!ss of water, or 
the intimate mixture of a minute fKirtion 
of some foreign fixed iKnly, There is no 
term at present employed wtiich ex- 
prcisses this condition of VkhIicm, anil 

hence, to avoid circumlocution, 1 have 
provisionally adopted the term merw 
^ixed , (fupn%y part vel par/im,) mean- 
imply hy it, that liodies on jiosHiiig 


I into this state tiecomo pa|tly» or, to a 
' certain extent, orgaiiizc»d. Thus Hhircli 
I consider ns merarffanixed stimir, the 
two su Instance's having, as we wiall sw 
pn*sently, the same eiMvential efim}K»si- 
tion, hut the starch differing from the 
sug;ir by containing minute fiortions of 
other matters, which, we may presiitne, 
prev<>nt its constituent purticlce fn>in 
arranging tlufinselvcs in the crystalline 
form, and thus caiiw? it to awdimc totally 
different sensible proiiertim.** 
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U^E8 OP Starch. Wheat-starch is employed for stiffening various 
fabrics, and articles of wearing apparel*. In applying it to muslin, the 
addition of borax or of phosphate of soda or ammonia, would at the 
same time render it so far incombustible, as to prevent burning with 
flame, and obviate the accidents that so frequently ensue from that 
cause. A little smalt, prussian-blue, or indigo, is generally added to 
starch to cover its yellowish hue, and to render it more effective in 
overcoming the tinge that linen and cotton acquire when long worn. In 
this country, the consumption of starch, though considerable, is trifling 
compared with that in Holland and some other parts of the continent 
of Europe, where stiffly-starclied caps and gauzes are much -worn by the 
lower orders: since the abolition of tlie absurd custom of powdering 
the hair, there has also been a great falling off in the demand for 
starch. 

Lozenges, and various artich‘s of confectionary, consist parti}" of 
starch ; and the sugar-plums, sold in the streets, are composed of the 
refuse psirts of the starch mentioned in describing its manufacture, with 
chalk, g}"psum, and otlier trash : a spurious refined liquorice^ is also madt 
upon the same principle. Stone-blue^ is a compound of indigo or 
prussian-blue, and the inferior kinds of starch. Among the substances 
used to adulterate starch, porcelain-clay was at one time prevalent. 
Considered its an article of food, as a part '»f the diet of children and of 
invalids, and as a component of our most nutritious vegetables, starch is 
very imp<irtant, and several of its varieties, are often resorted to medi- 
cinally. But although eminently adapted to form piirt of our food, it is 
not fitted for exclusive nutriment; and this would appear to be the case 
with all those proximate principles of vegetables which are deficient in 
iiiirogen. 


§ VI. Gu'ten and Albumen. 

Many plants contain a principle which resembles animal matter, and 
to which the. term ve^elo-ammal matter was formerly applied. Of tliis 
subshince there arc tw"o leading varieties, w"hic)i may be distinguished 
by the terms gluten and albumen. 

Gluten, so termed from its adhesive character t, is found in many of 
the esculent seeds, and especially in wheats associated with albumen and 
starch. Its characteristic properties are, insolubility in cold water, elas- 
ticity and adhesiveness when moist, solubility in boiling aleohol, and in 

* lV>tato-starch is said to l)e much similar pastes, wliicli are made by a 
more liygroiuetric than wlicat^torcli, kind of wire-iirawing, and for which 
and goods which are stiffened with it, the wheat of the South of Europe, 
are apt to give in damp w^eather, and to (more abundant in gluten tlian our own,) 
IxTome mouldy if laid by. is pivrticularly adapted. 

The superiority of wheaten over 
f It is the presence of gluten in other bread depends upon - the groat 
wheaten flotir that renders it pre-emi- j tenacity of its dxmghy which, in poMuvry 
nontly nutritious, and its viscidity or /ermearoium, is puffed u^ 

tenacity confers upon that species of carbonic acid, and retain^ in its vesi- 
flour its peculiar excellence for the ma- cular textiwe, so as to form a very liglu 
nufacture of maocaroni, vermicelli, and loaf. 


3 N 2 
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some of the acids and alkalis: it is precipitated from some of its 
solutions by ferrocyanuret of potassium, and by infusion of galls. 

When a thick paste of wheaten flour is tied up in a piece of coarse 
canvas, and >vashed and kneaded in water, till the whole of the starch is 
extricated, and the washings arc no longer milky, it leaves a gray, viscid, 
adhesive, and elastic substance, which consists of gluten and albumen, 
with a little residue of starch. By boiling this substance in alcohol, it is 
separable into a soluble and insoluble portion ; the soluble part is gluten ^ — 
the insoluble, albumen. Gluten is then obtained by mixing the alcoholic 
solution with water, and distilling off the alcohol : it separates in straw- 
coloured flocculi, which aggregate, on stirring them together, into an elastic 
mass, tasteless, and of a peculiar odour : exposed to air, it becomes super- 
ficially brown and glossy, and gradually dries into a semitransparent 
hom-like mass. If obtained by evaporating its alcoholic solution, it is 
yellow, brittle, an<l transparent. A\nien moist gluten is digested in acetic 
acid, the greater part is dissolved, but a peculiar substance, particularly 
described by Berzelius (^Lehrhuch\ remains. When the aceticr solution 
of gluten is evaporated, it leaves a colourless tninsparent residue ; satu- 
rated by caustic or carbonated ammonia, a flocculent precipitate falls, 
having all the characters of the original gluten. When a solution of 
gluten in acetic acid, or in alkidi, is mixed with sulphuric, nitric, or 
muriatic acid, the gluten separates apparently with its original characters, 
but, in fact, chemically combined with the precipitant acid. Neither 
acetic nor phosphoric acid precipitate gluten fi^oiii its ulkalim* solution, 
and yet phosphoric acid has no especial solvent power on moist gluten. 
When the solution of gluten in caustic potassa is evaporated at a low- 
temperature (below 110 ), a white, opa(|ue, and apparently neutral com- 
pound of gluten and potassa remains. Caustic ammonia has little solvent 
power over gluten in its ordinary viscid state, but an sicid solution of 
gluten is not permanently precipitated by ammonia. The combinations 
of gluten with other bases are insoluble in water, and arc precipitated 
when the solution of gluten in potass^i is mixed with the earthy or 
metallic salts. The carbonated alkalis scarcely dissolve gluten, and 
when it is precipitated by them from its acid solutions, they do not redis- 
solve the precipitate. The alkaline and acid solutions of gluten, give u 
white precipitate with corrosive sublimate ; and when viscid gluten is 
put into a solution of corrosive sublimate, it shrinks, hardens, and loses 
all tendency to putrefy. An acetic solution of gluten is not affected by 
acetate or subacetate of lead, or by sulphate of iron, but is abundantly 
precipitated by infusion of galls. 

Albume.n is the portion of the original glutinous residue of wheat- 
flour, which is insoluble in alcohol ; it rem^his in the form of u gray 
substance after the extraction of the gluten; it is easily dried, and 
becomes brittle and pulverulent. Taddci called this insoluble part of the 
viscid gluten of wheat, Zimoma^ (from fvfts, leaven or ferment); and the 
soluble {Portion, which we have above described as gluten, he called 
Gliadine (from yha, glue.) When this form of vegetable albumen is 
subjected to the action of wehk caustic potassa, it swells, softens and dis- 
solves : this solution, like that of animal albumen, gives precipitates with 
. most of the earthy and metallic salts, and is not permanently precipitated 



GLUTEN. 


917: 

by phosphoric or acetic acids, but the stronger acids coagulate it. When 
vegetable albumen has been dried, it is no longer soluble in acetic and 
phosphoric acids, but swells up and becomed transparent, and if then 
boiled in water, it increases in bulk and loses its yellow tint, but is not 
dissolved. Veg>alburaen is insoluble in carbonated alkalis ; it is preci- 
pitated from its solutions by carbonate of ammonia, by ferrocyanuret of 
potassium, and by tincture of galls. Corrosive sublimate throws it down, 
when there is no excess of acid present. 

Kirchoff and Saussure have made us acquainted with the remarkable 
action which gluten exerts upon starch. Two parts of starch are mixed 
with 4 of cold water, and gradually added to 20 parts of boiling water ; 
a thick paste is formed, to which 1 part of finely-powdered gluten is added, 
and the mixture kept six or eight liours in a temperature between 120^ and 
170 °; under these circumstances it becomes thin, clear, and sweet; part 
of the starch is converted into gum and sugar, a little carbonic acid is 
evolved, but no oxygen absorbed, and on evaporating to dryness, the 
residue amounts to the joint w'eight of the starch and gluten employed. 

Kirchoff has shown that a small qmtntity of gluten is capable of thus 
saccharizing a large quantity of starch, and has pointed out the applica- 
tion of this fact to the production of sugar in worts and wash^ and the 
consequent formation of alcohol when such liquors arc fermented. 

Gluten is a constituent of barley and rye; and a modification of it 
under the name of iegumine^ is found in pease and beans. (8i»e Einhof, 
Berzelius, and Bracomud, Ann, de Chitn, et Phys,^ xxxiv., (58.) The 
gluten of barley is an important agent in the change which that grain 
suffers in conversion into maU^ and the action of ground malt upon viscid 
starch is analogous to that of gluten. Payen terms the saccharizing prin- 
ciple of malt or barley, diastase^ and regards it as the agent by which 
starch is converted into sugar during the germination of seeds, and the 
expansion of buds. 

All seeds which form an emulsion with water, contain a principle 
analogous to, if not identical with, albumen: it has sometimes been 
termed cnwlsin. In almond -emulsion this substance is mixed with oil ; 
it may be separated by boiling, by which it is coagulated, and the adherent 
oil may be abstracted cither by ether, or by absolute alcohol : the residue 
is emulsin, {Aun^gdaline of Dobereiner, Alhumino-caseum of Payen and 
O. Henry.) 

The milk of the cowArct\ which flourishes in the mountainous regions 
of Quito in America, and, iu’cording to Boussingault and Mariano de 
Rivero, closely resembles cows’ milk in t;iste and appcaniiice ; and the 
milk of the Carica Papat/a^ examined by Vauqucliii, contain peculiar 
modifications of gluten ; and the same substances may be extracted from 
other mil kg juices of plants, instances of which will afterwards be 
adduced. 

Yeasty which separates from must and wort during fermentdliou, has 
many of the properties of gluten. 

All the substances which have been mentioned in this section are so 
fur analogous, that their aqueous solutions undergo, under ^vourable 
circumstmices, changes resembling those of putre()dng animal matter. 
The plants which bear cruciform flowers^ also contain a similar principle! 
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and hence the ofiensire stench that arises fh>ni them whilst rotting in 
heaps, and their efficacy as manures : it is apparently the presence of 
nitrogen^ as one of the ultilhate elements of these plants, that gives them 
their peculiarities, and tends to the production of ammonia during their 
decomposition; but the whole of this subject has been as yet only 
imperfectly investigated. Gluten has been subjected to ultimate analysis 


with the following results. 

F. Man^et. Ztmnerk. 

Carbou 55.7 . . 45.80 

Hydrogen 7.B • . 3.37 

Oxygen 22.0 . . 30.33 

Nitrogen 14.5 . . 20.50 


100.0 100.00 


PoLLEMN. The pollen of flowers eontuiiis a peculiar vegeto-animul 
principle, which was first distinguished by Fourcroy and Vauquelin in 
their examination of the pollen of the date-tree^ and afterwards by John 
in his analysis of the seeds of the lifcopodium^ and of the pollen of the 
tulip. It is insoluble in water, alcohol, ether, oils, and alkalis, and 
highly inflammable, so that when thrown into a flame it bums with a 
kind^of deflagration; hence lycopodium is used to produce theatrical light- 
ning, being much cleaner and more brilliant and rapid in its coinbubtion 
than resin. AVlien pollen is digested in caustic potassa, it exhales 
ammonia, and when subjected to destructive distillation, ammonia is one 
of the products. 


§ VII. Lig.nin. 

This terra is aptly applied to tvoodp Jihre^ as it exists in the ligneous 
parts of trees and plants ; but as mth other proximate principles, there 
are several modifications of it, and although in its ordinary state it appears 
to be indigestible, it is easily modified by beat and other agents so as to 
be converted into gum and sugar ; and in a highly-attenuated state of 
organization it forms an esculent, and probably nutritive part of many 
fruits and vegetables. As constituting the bulk of different woods, and 
as forming vegetable fibre, its applications in the arts of life are highly 
interesting and useful, its chemical properties therefore acquire a propor- 
tionate degree of importance. 

The term lignin is generally applied to the fibrous residue which 
remains after the different principles already enumerated, and others, 
afterwards to be described, are extracted by various solvents ; hence tfi-vo- 
lubilitp in water, in alcohol, and in dilute acids and alkalis is one of its 
more obvious characters. It is also recognised as the most durable pro- 
duct of vegetation, and the extreme perfection in which it is occasionally 
found in mummy-cases, in ancient buildings, as in the piles of bridges, 
and even in submerged forests, shows its power of resisting decay. When, 
howeverf it is long exposed to the joint energies of air and moisture, it 
often becomes pulverulent, acquiring a brown or gray colour, os we 
see in the rotten wood of very old trees. It is also liable to more rapid 
decay and disintegration nnder the influence, probably, of parasitic plants, 
cspe^ally where the place is damp, and air imperfectly admitted, as in 
casf4 of what is termed Dn/-rnf. 
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Tlie density, and other mechanical properties of wood, are very various » 
its texture is porous and vascular, and what is usually termed Jibrous^ so 
tiiat it splits more easily in one direction than in another. In its ordi- 
nary state, exclusive of lignin, it contains various soluble and other 
mattecs, which confer upon it various characters, as to colour, smell, taste, 
and uses, and the proportion of these varies in the same tree at different 
seasons, and at various periods of its growth. The recent w’ood of trees 
loses by drying, and by the action of ordinar}” solvents, from 1 to 10 
per cent. About 95 per cent, of lignin is the average produce of the 
common woods. The c'lppiirent low specific gravity of wood is referable 
to its porosity, the density of lignin, or of wood free from air, varying, 
apparently, from 1.4 to 1.50. There are a few of the heaviest woods, 
such as box, guaiacum, and ebony, which are, in their ordinary states, 
denser than water. 

(’Iilfirine gradually bleaches lignin, and the varieties of wood and 
woody fibre may in this way be rendered perfectly white, as in the pro- 
cess for bleaching linen and cotton, in which, by the alternate action of 
weak acids and alkalis, and exposure to light, air, and moisture, or by 
the occasional employment of chlorine or its compounds, the colouring- 
matters arc gradually abstracted or decomposed, f 'oncentratetl sul2)huric 
acid gradually converts wood into a modification of gum, care being 
takc ‘11 to keep it cold; and when diluted and boiled, sugar is formed, as 
observed in rcganl to starch, so that linen rags may be thus converted into 
sugar*. When sawdust and sulphuric aci<l are heatetl together, a black 
magma is protlueed, which, on dilution with water, deposits between 
49 and 50 per cent, of c.'irbonaceous residue*. Nitric acid tinges wood 
yellow, and gradually disintegrates and decomposes it. producing oxidic 
acid. Paper, wliicli is merely another form of lignin, is gelatinized by 
cold sulphuric acid : cold nitric acid converts it also into a gelatinous 
pulp, which is sometimes partially blued by iodine, and therefore appears 
to contain starch. 31uriutic acid nuiders wi»od brow n and black, but does 
not dissolve or decompose it. The weak alkaline solutions exert scarcely 
any action on wood; but when heated with caustic putassa it is changed 
into a brown soluble matter, which appears to contain a peeulitir extrac- 
tive imitter, like ulmiu, and acetic acid. Wood combines witli some of 
the salts, and others it decomposes. It combines with alumina, when 
steeped in solutions of alum or acetate of alumina ; and when digested in 
solution of corrosive sublimate, a compound results, which resists decay, 
under circumsttmccs tending to rot unprepared w ood. iSulphate of copper, 

We are indebted to 31. Dracoiiiiut | pliate of lime, and was then further 
for some higlify-intcrestiug exjH'riiiients, jvajwrated to dryness, when a sub- 
relatiiig to the action of 8nl])hiiriu acid stance, having the characters of gum, 
on wood. {Ann. tie Chim. et Phys.j xii., was obtainevl. In another exi^eriment, 
172.) In the course of thtwe resean^lies, 24 juirts of lignin were rcduc^ to gum 
he triturated 25 parts of lieiiipeu cloth by 34 of sulphuric acid ; this geid mix* 
with 34 of the acid it occiuircd tliecoiisis- tiire, diluted w*ith water, and boiled for 
tcncyof mucilage, which, after 24 hours, 10 hours, became sweet; the acid was 
was almost entirely soluble in water, then separated by chalk, and the liquor, 
The diluicKi liquor was saturated with on due evaporation, afforded a crystal- 
clulk, filtered, and evaporated to the lizablc sugar, 
consistency of syrup; it deposited sul- 
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ftulpbate of iron, and several other salts, appear capable of forming 
analogous combinations. It is upon these attractions of woody fibre that 
the art of dyeing and of calico-printing mainly depend, for linen and cotton 
are, as I have already observed, mere modifications of lignin : paper also 
is made of linen or cotton rags; and hay, straw, leaves, and shavings 
of wood may, by proper means, be reduced to a pulp capable of being 
formed into paper. 

The action of heat upon wood, under difierent circumstances, is ex* 
tremely interesting, as the following outline of this part of its history 
shows. When wo^ is thoroughly dried at a temperature of about 220"^ 
it shrinks and splits, or if in powder loses variably in weight, depending 
upon its humidity: it again absorbs moisture from the air. When wood 
is carefully baked, so as to become of a pale-browii colour, it acquires 
solubility in water to some extent, yielding a brown infusion, which, 
w’hen carefully prepared, tastes and smells like toasi and water : and, 
indeed, under proper management, it may be converted into a palatable 
and nutritious bread. Something of this kind is used by the peasiintry 
of Norway and Sweden ; and the following directions are given for the 
purpose by Professor Autenrieth of Tubingen : he employed heevh and 
similar w(^s, destitute of turpentine. ‘‘ In the first place, everything 
that was soluble in water was removed by frequent maceration and 
boiling. The wood was then reduced to a minute state of division, that 
is to say, not merely into fine fibres, but actuid powder ; and after being 
repeatedly subjected to the heat of tui oven, was ground in the usual 
manner of com. Wood thus prepared, according to the author, acquires 
the smell and taste of corn-flour. It is, however, never quite white, but 
always of a yellowish colour. It also agrees with corn-flour in this 
respect, that it does not ferment without the addition of leaven, and in 
this case sour leaven of corn-flour is found to answer best. With tliis it 
makes a perfectly uniform and spongy bread ; and w^hen it is thoroughly 
baked, and has much crust, it ha-s a much better taste of bread than 
what in time of scarcity is prepared from the bran and husks of com. 
TTood-flour also, boiled in water, forms a thick, tough, trembling jelly, 
like that of wheat-starch, and which is very nutritious.” (Prout, Phil. 
Trans., 1827.) 

When wood is burned in the air, it affords laigc quantities of inflam 
mablc gases which produce fliune and render it a valuable fuel ; and if 
decomposed with a partial access of air only, it leaves coninion cliarcoal, 
the relative proportions of which, as afforded by the different kinds of 
wood, have already been noticed. Subjected to destructive distillation in 
close vessels, water, empyreumatic oil and tar, pyroxylic spirit, mid acetic 
acid, together with gaseous compounds of carbon and oxygen, and carbon 
and hydrogen, are the results. These, and the various products into 
which they are resolvable, have lately attracted the attention of several 
chemistvs, and wiU require more detailed notice. 

Ultimate Compo.sition op Lignin. With regard to the ultimate 
elements of lignin, Gay Lussac and Thenard first rendered it probable 
that the hydrogen and oxygen in this principle exist in it in the propor- 
tions in which they form water. The variety of forms in which lignin 
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occurs in diflPerent woods is so great as to render a separate examination 
of each of them impossible; Dr. Prout, therefore, selected two for the 
purpose of analysis, vtz., the woods of the Box and Willow^ which 
appeared to present the greatest contrast; the one t>eing among the 
densest, the other the lightest of the woods. These were both treated 
exactly in the same manner; that is to say, they were first reduced to the 
form of a coarse powder by rasping, then well pulverized in a Wedgwood 
mortar, and afterwards sifted. Being by these means reduced to the 
form of impalpable powders, they were boiled in repeated portions of 
distilled water, till that fluid came off unchanged. After this they were 
similarly treated with alcohol, and finally again with distilled water. 
They were now exposed to the atmosphere, w'hen in a dry and favourable 
state ; and when they ceased to lose weight were submitted to analysis, 
and found to consist of (abstracting foreign matters) 





Box. 

Willol. 

Carbon 

, 

, 

. 42.7 . 

42.6 

Water 

• 

• 

. 67.3 . 

100.0 

. . 67.4 

100.0 


A known weight of each was then exposed for twenty-four hours to a 
temperature of 212", and afterwards for six hours longer (by means of 
.an oil-bath) to a temperature between 300^ and 350°; and at the end of 
this time they were found to have lost, per cenL^ 

H«x. Willow. 

14.6 .... 14.4 

Analyzed in this state of desication, they were found to consist of 



Box. 


WiUo«« 

Carlwn 

. 60.0 . 

, 

49.8 

Water 

. 50.0 . 

• 

50.2 


100.0 


UK).0 


showing that the loss of weight luose from the escape of water. Tliese 
latter results nearly agree with those of MM. Gay Lussw and Thenard, 
as obtained from the analyses of the woods of the Oak and Beerfu and 
seem to show, beyond a doubt, that the composition of all of them is 
similar, or that they consist of equal of carlnm and water; to 

which simple analogy. Dr. Prout observes, this important prineiplo pro- 
bably owes its stability. 

We have no satisfactory data from which the proximate atomic weight 
of wood can be inferred, so that assuming it at its lowest equivalent, it 


’ be regarded 

as composed of 




Car1>oii . . 

. 3 

. . 18 . . 

60.00 

Trout. 

49.80 

Gay Luanpc 
an4* Thenard. 

. . 61.46 

Hydrogen . 

. 2 

2 . . 

6.66 . . 

6.58 

6.82 

Oxygen . . 

. 2 

. . 16 . . 

44.44 

44.62 

42.73 


T 

36 

100.00 

100.00 

100.00 
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NUTRITIVE POWERS OF VEGETABLES. 


The Proximate Vegetable Principles now examined constitute the 
principal niUritive ingredients in vegetable food, and with the exception 
of gluten and albumen, appear to be, in reference to ultimate composition, 
htfdrates of carbon. 

The following Table, drawn up by Sir H. Davy, exhibits the relative 
proportions of soluble matter contained in 1000 parts of the different 
vegetable substances enumerated in the first column {Agricultural Che- 
vmtrtf^ 4to., p. 131): — The deficiency may be considered as water, and 
inert insoluble substances; and the soluble matters may be regarded as 
those upon which the nutritive powers of the different vegetables 
depend. 
























§ VIII. Vegetable Extract. 

Under the term extract^ the pharmaceutical chemists originally included 
all substances capable of being extracted from vegetable products by 
decoction in water, and of being obtained in a solid form by evaporation. 
It of course contained all the preceding substances included in this chapter, 
and many others afterwards to be mentioned ; its properties were 
therefore extremely various and indefinite. Tliey afterwards endeavoured 
to distinguish its varieties by the terms bitter, sweet, mucilaginous, 
astringent, narcotic, colouring, and resinous extracts, &c.; but in general, 
any brown residue obtained by boiling down the decoctions, or infusions, 
or even the expressed juices of vegetables, was distinguished by the 
generic term extract, Boerluiave first pointed out the existence of a 
peculiar substance in these extracts, soluble both in alcohol and in water, 
which he called Materia hennaphrodiia, Scheele called it Materia 
sapomwea ; and Vauquelin afterwards gave the name extractive matter 
to what he rcgarde<l as a peculiar vegetable principle, soluble in water 
aTid alcohol, insoluble in etlier, and becoming insoluble in water by 
long-continued boiling, and by exposure to light and air. 

It seems probable that the brown extractive^ obtained by the above 
processes, is not pre-existent in the vegetables whence it is obtained, but 
principally a product of the action of heat, water, air, and other agents; 
the (liflenmt colouring-matters of plants have also been termed coloured 
extractive^ but these we shall consider sepanitely*. It will also be found 
in n*gard to many of the pharmaceutical extracts, that their tictivity resides 
in some peculiar and distinct proximate product, mixed with other unim- 
portant and inactive substances, and these must also be distinctly con- 
sidered. 

Ulmin. The term ext inactive is perhaps most appropriately applied, 
in a strict chemical sense, to tlie peculiar brown matter wdiich may be 
extracted from bog-earth, peat, and turf; it is frequently tenned humusy 
or humiuCy {Moder of the Germans, Geinc of l^erzelius.) There is also a 
brown (^xudatioii found uj)ou the barks of trees, and especially of the 
elm, and hence called ulmiity which contains a similar matter combined 
with j»otassa. J-.Jistly, the action of heat, acids, alkalis, ami some other 
chemical agents, upon a variety of organic products, is attended by the 
production of more or h*8S of a similar matter. As it combines with 
bases, Houllay terms it ulmicacid; juul according to him, the brown mat- 
ter occasionally' produced by the decomposition of hydrocyanic acid, 
contiiins it united with nitrogen ; this he calls azulmic acid (Ann. de Ckhn, 
ct Phps.y xliii., 27^b) lie represents hlinin, or ulmie acid, iis a compound of 

^ In preparing for phormacou- much greater activity tlian when pre- 

tical use, the gi eatiwt care must lie taken {mrt'd in the usual way : but for medical 
to avoid injuring them by heat, and they use this is |H'rha))8 not desirable; tmi* 
should accordingly be evaimrated in a formity is the great object, and whether 
water-liath, or by steam not exceiHling half a gmin or two grains of the more 
212°. It is eosy to evaporate at lower powerful extracts is a dose, is of less im- 
temperaiiires, as in vacuo, or even over portance, than the certainty that they 
sulphuric arid, and many of the extracts arc {is far as possible of a given power, 
used in medicine may be so obtained, of 
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S6,T per cent. CBihon^ and 43.3 hydrogen and oxygen in the proportions to 
form water: he considers it as the most important ingredient in the soil 
as relates to4ts nutritive powers. Malaguti is quoted by Dumas {Chim. 
App. aux ArtSy v., 399), as having obtained crystaUized ulmic acid by 
the long-continued action of very dilute nitric acid upon sugar at a boiling 
heat. 

Ulminy or ulmic acidy may be obtained by digesting the brown exuda- 
tion of the elm in boiling water, and precipitation by an acid. Rotten 
leaves, bog-earth, wood-soot, or turf, may be digested in a weak solution 
of caustic or carbonated potassa, by which a brown liquid is obtained 
(ulmate of potassa)y from wdiich acids throw' down ulinin. Bracoiinot 
procures it {Ann. de Chim. et Phys.y xii., 192) by heating equal w'eights 
of caustic potassa and sawdust, or shavings of wood, with a little water, 
in a silver crucible, continually stirring the mixture: when it suddenly 
boils up, it is removed from the fire, and stirred till cold, so as to expose 
it as much as possible to the air, for the formation of ulmic acid in this 
case depends upon the absorption of oxygen. When cold, the product is 
dissolved in w'ater, filtered, and decomposed by diluted sulphuric acid ; 
the precipitated ulmic acid is then w'ashed and dried. 

Ulmic acid varies in appearance according to its state and source: 
when recently precipitated it is in browm flocks ; but when dried, brittle 
and resin-like. It is nearly tasteless, almost insoluble in water, but com- 
municates a brown tinge to it. Sulphuric acid dissolves it, but lets it fall 
on dilution, and it then retains a little acid: it combines and forms soluble 
compounds writh the alkalis; with the alkaline earths, and many of the 
other oxides, it produces combinations which are insoluble or difficultly 
soluble; but the characters of these compounds, as given by different autho- 
rities, are lAuch at variance. Some of the metallic salts precipitate it so 
completely as to leave the supernatant liquid colourless. S)me of its com- 
pounds form useful pigments (Umbers are of this description ?) and may 
be employed in dyeing and calico-printing. 

Bitter Extractive. Whether any peculiar organic product does or 
does not give rise to the bitter flavour of many of the pharmaceutical 
extracts, such as those of yuassiay wormivoody centauryy and others, from 
which no distinct crystal lizable substance ha.s hitherto been obtained, or 
whether it is a property belonging to cxtraclivcy without conferring upon 
it any distinctive character beyond that of bitterness, are quc>stions which 
still remain to be decided. Tlie existence of the intensely bitter and 
definite compounds called regelo-alkalisy leads to the suspicion of some 
analogous source of bitterness in other cases, but there arc many plants 
in which these cannot be detected, and in which the bitterness s<*enis to 
reside in a principle having the essential characters of extractive. The 
following are some of the most important of them. 

Aloe- bitter. The substance know'n in commerce under the name of 
aloesy is the extract of several species of aloe, such as the spicatUy vulgarisy 
6cc. It is brown, sometimes translucent and sometimes opaque, and of a 
peculiar odour, especially w’hen breatlied upon: it is almost entirely 
soluble in wratcr and in common alcohol ; the portion insoluble iii water 
has not the characters of a resin, but appears to be oxygenized extractive. 
When its aqueous solution is cautiously evaporated it leaves a brown 
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residue soluble in water, but insoluble in ether and in anhydrous alcohol. 
Chlorine throws down from its aqueous solution a brown substance, 
resembling the original insoluble part. Sulphuric acid dissolves it with- 
out apparent change; cold nitric acid dissolves it and acquires a greenish 
tint, and when the solution is heated malic and oxalic acids are formed, 
and a red resinous substance, of an agreeable odour. When 1 part of 
aloes is dissolved in 8 of nitric acid, and evaporated to dryness, the residue 
is yellow and intensely bitter; it deflagrates when heated, and communi- 
cates a deep-purple tint to w'ater^ and to alkaline solutions. It forms 
yellow solutions in the acids, and is not precipitated by the salts which 
throw down unaltered extractive. (Bniconnot, Ann, de Chim, el Phys.^ 
Ixviii., 24.) 

From rhubarh-rool^ squills^ briony^ gentian^ and several other drugs, 
bitter .substiinces have been extracted, but none of them are possessed 
of sufliciently distinctive characters to enable us to consider them as 
projcimate biller principles: such as are most definite, or crystallizable, 
will be notice<l in another section. 

Artificial Bitter, By digesting indigo, silk, and a few other sub- 
stances, both of vegetable and animal origin, in nitric acid, an 
intensely-bit ter matter is formed, called by Welther the yellow bitter 
principle, (Ann, de Chini,^ xxix.) Chevreul has rendered it probable 
that tliis is a compound of a peculiar product with nitric acid. It is 
crystallizable, burns like gunpowder, and detonates when struck with a 
hammer. 


§ IX. Astrixgf..nt ExTUAcnvE; T.^n.nin; Tannic Acid; 

Gallic Acid; Ellaoic Acid; Pyuogallic Acid; Metagallic Acid. 

Thfre are numerous vegetables which have more or less of an astringent 
flavour, and of which the aqueous decoctions or infusions occasion a pre- 
cipitate in solutions of animal jelly, and in those of several metallic salts: 
they change the persiiUs of iron to dark blue, or dingy green. These w’ell- 
marked properties have long been ascribed to a peculiar proximate prin- 
ciple, designated tannin^ as being essential to the conversion of skin into 
leather: its power of combining with salifiable bases led some chemists to 
term it an acid^ and it appeared in many cases to be associated with, and 
sometimes apparently a modification of, gallic acid. It has, however, 
been obtained in a distinct form by Pelouze, (Ann. de Chim, ct Phys.^ 
liv., 8,37,) and its characters are such that it may be appropriately termed 
tannic acid. But the properties of the vegetable infusions and decoctions 
containing astringent matter^ are not solely referable to tannic acid, but 
appear to depend upon its association with extractive, and in some cases 
with gallic acid; hence the varied effects which they produce when tested 
by the above-mentioned reagents, and the division (adopted by some 
chemical authors) of astringents into two classes, namely, those pro- 
ducing blue or blacky and those producing green precipitates with persul- 
phate of iron. 

The relative proportion of tannin, in different vegetables, may be 
tolerably-well judged of by the weight of the predpitate which they 
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afftnd in a strong solution of ianglass. The following table, by Cadet, 
shows the relative weights of the precipitates formed by an infiisim of 
100 parts of the respective substances. 


GaBs , 86 

Tormentil root . .50 

Alder bark ... 30 

Apricot bark .82 

Pomegranate rind . . 32 

Oak bark . .25 

Cherry-tree bark . 24 

Bark of the eomu$ mumUa . 19 
Plane-tree bark . 16 


Weeping willow bark . . 16 

Bohemia olive bark 16 

Bark of corytma myrt^olUt , 13 
Bark of rhvM tfffMnum 10 

Green acom cups . . . 10> 

Service-tree bark . • 8 

B|pse-ohestnut bark • 6 

American sumach bark 6 


In the following table, the first column shows the whole quantity of 
extract obtained from 100 parts of the different substances, and the second 
column the proportion of tannin in that extract. (Davy.) 


Tan con- 

Estrart taiued in it 

Galls 87.5 . . 26.4 

Inner bark of oak . 23.5 • . 16.0 

— horse-chestnut 18.5 . . 15.2 

Entire oak bark . . 12.7 . . 6 J 

-—horse-chestnut do. 11.0 • • 4.3 

— dm bark 2.7 


Tan con- 

Extraot taiiied in it 

Entire willow bark 2.2 

Sumach .... 34.3 . . 16.2 
Souchong tea . . . 82.5 . . 10.0 

Green tea 6.5 

Catechu from Bombay • . • 54.3 
— — Bengal .... 46.1 


The average quantity of tannin, in 480 lbs. of difierent barks, is as 


follows: (Davy, AgricuL Cketn,) 

!b. 

Entire bark of middle-sized Oak, cut 
in spring . • . .29 

— Spanish chestnut . 21 

— - Lacester willow, huge size * 33 

— Efan .... 13 

— Common willow, huge . . 11 

— Ash .... 16 

— Beech .10 

— Hone Chestnut • 9 

— Sycamore .11 


lb. 

Entire bark of Lombardy poplar 15 

— Birch • .... 8 

Hazel .... 14 

— Black-thom . .16 

— Coppice oak ... 32 

— Oak, cut in autumn . . 21 

— Idir^ out in autumn 6 

White interior cortical layers of oak- 

bark 72 


The infusions and decoctions of vegetables containing tannin, not only 
affect solntiotts of jelly and of peroxide of iron, as above stated, but they 
also precipitate the salts of lead, tin, copper, and indeed of most of the 
metali: these precipitates are of variable composition, and often contain 
eltractiTe^ and tannin, and gallic acid. 

The following plants contain the modificaticm of tannin which renders 
solutioiie of peroxide of iron deep-blue* (Gmelin.) Galls; the roois of 
Lilhrum galicaria^ Geum urbanum and rivale^ PoleniiUa argentea and 
anserma^ Sanguieorba qfficinalU^ PUerium sanguisorba^ AlchemUla vul* 
garU, Areiium lappa^ Polggamm bieiarta^ Iris pteudacarue^ Ngtnpkaga 
alba; the wood of the oak, and many other trees; the bark of different 
qiecies of oak; the Imge of the black cnirant and of sumach; the leaves 
of oak, uva arW, and many others; the peials of pomegranate, Rasa 
gallica^ and Ps^ia qficinaUs, 

The tannin which gives a green precipitate with persalts of iron, is 
found in catechu and in kino; in the roots of the Tarmenlitta erecta^ 
PUeniiUa refUsns, Rata camnOj Rhatum thapantieum^ foe.; in the 
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different species of Cinchona bark, in dnnamon^ cassia, and in horBe- 
chesthnt bark; In the leaves of l^alvia (Officinalis^ Lamium albumj GUca/ma 
hederacsa^ &c.; in the varieties of tea; in the flowers of Tilia Euiv/kea, 
Centaurea cyanus^ and Arnica momtUna; in horse-chestnuts, date- 
stones, drc. 

Several processes have been suggested for the separation of fare 
tannin from the solutions in which it is combined with other vegetable 
principles; they generally consist in throwing it down in combination 
either with sulphuric add, which^ is afterwards abstracted by carbonate 
of lead or carbonate of baryta; or by subacetate of lead, or chlo^de of tin, 
the tannates of lead or tin, which fall, being afterwards decomposed by 
sulphuretted hydrogen. In these cases, solutions of a more or less pure 
tannin are obtained which are filtered through animal-charcoal, and 
cautiously evaporated. But tannin, as we shall presently find, is very 
prone to change, and the action of acids, bases, ^ts, and sulphuretted 
hydrogen, probably tend to modify it; hence the preference due to the 
following process, suggested by Pelouze, and which appears unexception- 
able. The lower opening of an elongated glass vessel is loosely dosed 
by a piece of linen, or a plug of tow, and it is then half filled with 
powdered galls gently pressed down: common ether (hydrous ether) is 
then poured in, and the upper orifice being closed so as to admit a littie 
air, but prevent evaporation, it slowly filters through the galls into the 
vessel imdemeath, where it forms two distinct liquids; the one light and 
veiy fluid, the other more dense and slightly yellow; more ether is 
poured in above, till the lower stratum of liquid no longer is increased in 
quantity. The liquids are then poured into a funnel, the tube of which is 
at first stopped by the finger, and, when they have separated into two 
portions, the heaviest is drawn off into a capsule, and the lighter put 
aside for distillation, it being chiefly ether. The denser liquid is then 
purified by washing it with anhydrous ether, firom which it is sepa- 
rated as before, and ultimately evaporated in a stove, or under the 
receiver of the air-pump; a spongy product is obtained, not oystalline, 
white, or with a slight yellow tint, and amounting to from 35 to 40 per 
cent, of the galls employed. It is tannin, as pure as it can be procured *. 

Tannic Acid or Tannin, in this state, is eminently astringent,.without 
any bitterness, inodorous, and, though very sparingly soluble in water, 
the solution r^dens litmus. It decomposes the alkaline carbonates with 
effervescence, and fonus insoluble precipitates in the greater number of 
metallic solutions, which are true tannates. The pure protosalts of iron 
are not altered by it, but in the persalta it occasions an abundant dark<« 
blue precipitate. It is less soluble in anhydrous alcohol and eth^ than 
in water. ^ It cannot be crystallised. It bums upon platinum-foil without 

* Art\/teial Tannin. Mr. Hatchett has This arUfleial tannin difihn in tm» 
shown that a species of tannin may be circumstance fiom natural tannin, which 
formed artificiany by digesting charcoal is, that it resiats the action of niti^ 
in dilute nitric acid during several days; acid, by which all the varieties of na* 
it is at length dissolved, and a reddish- tural tannin are decomposed, though 
hrownliquorisohtained,whiehfunii8he8, some are mom capable m resfoilgg m 
by oarefol evaporation, a brown glossy action than others, 
substance, amounting toabout 120 parts Aiiificialtiauilnhasabittmh^ 
from lOOofcharooaL gmittaste^ksofoblofo water and 
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reiddue. Its concentrated solution is precipitated whitt by muriatic 
nitric, sulphuric, phosphoric, and menic acids: it is not afibcted by^ 
tartaric, oxalic, l^tic, citric, acetic, succinic, selenious, or sulj^urous acids. 
Heated with nitric acid it is rapidly decomposed, and oxalic acid is formed. 
With cinchonia, quinia, morphia, codeia, brucill^ and strychnia, it forms 
white precipitates, sparingly soluble in water, but very soluble in acetic ' 
acid. 

The aqueous solution of tannic acid may be long preserved without 
change provided air be excluded, but in open vessels it absorbs oxygen, 
evolves cafbonic acid, becomes turbid^ and deposits gufftc act'd, into which, 
therefore, it is converted; this is the reason why recently-prepared infu- 
sion of galls precipitates several substances (in the form of tannates) 
which it will not throw down after long exposure to air, its. tannin having 
then passed into gallic acid! This is especially the case with solutions 
of morphiai^ the tannate of which is iiAoluble, but the gallatct soluble. * 

Tannin forms a white precipitate in Solution of gelatin (tannogelaiin)^ 
which, when carefully dried, becomes hard and tough; if gelatine predo- 
minate, the precipitate may be redissolved by heat in the supernatant 
liquid; but if the tannin b^ in excess, the precipitate becomes elastic and 
agglutinated. Tannogelatin i^dried at 212^ consists of about 54 tan, and 
46 gelatin. Tannin caniiDt, in this way, be wholly separated from its 
solutions by a solution of gdarin, but when a piece of skin, previously 
cleansed and soaked in lime-water (as it is prepared for tanning) is used, 
it absorbs the whole of the tannic acid, leaving in solution any gallic acid 
that might have been present. Tannin precipitates albumen and vege- 
table gluten. 

When gelatinous^dumina is agitated with solution of taitnin, it rapidly 
absorbs it, forming an insoluble precipitate, and the filtered liquor does 
not discolour persulphate of iron: this is not the case with gallic acid. 

When tannin is subjected to the temperature of boiling-oil, water, 
carbonic acid, and metallic acid are formed. PiJ|d at 240^ it is not 
dieomposed, but becomes anhydrous. In this sttfte it consists of* 

BenHint. IVIottsa. 

Mffttii vf 4 esptt. 

Cwbon . . 18 )M- . . ' 60.70* . . 68.00 . . 61.66 

Hydrogen . 9 . . 9 . . 4.83 . . 8.86 . . 4.80 

Oxygen . . 18 . . 06 . . 46.07 • * 43.46 . . 44.84 

1 813 100.00 ^100.00 ^ 100.00 


and forms an inaolnlile precipitata in so- 
Intioiis of animal gelatine, the preei]ntate 
consisfing, •oeoidiog to Mr. Hatdiett, of 

36 

64 gelatine 

m 

Muriatic and snlphnric adds occasion 
brown predpitatas, In aolntion of arti- 
ficial ta^ wUch are lohilde b hoi water. 
It omidifaMa with die alkaiis, tonuB 
a pre^pltate of dfiffietdi sdubility la 
a#iem adntimia of Ihne, baryta, and 


strontia, and most metallic solotionss 
iheee predpitates are of a larown colour. 

A variety of arUfidal tan ia formed 
by digesting camphor and in anl- 
phuric ad^ till the liquor hoeomes black, 
and on beiag poured into water, depodta 
a black powder, whiel^ by digmtion in 
alcohol, fundsliea a hiwn matter, so- 
InUe in water, and forming an insoluble 
precipitate with gdatine^ — Hatohett, 
PMi. TVana, 1605, 1806. 

* The tannin of oatochn is eaid to 
contain lees oxygen than that of galls: 
Ismidii# adds 
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but its equivalent deduced from the neutral tannates, is 213X 2 = 42G, 
•so that our symbol tOLW- represents (36 COLT + is A + *24 O) = 42G. 

Tannate t>P PoTASSA. When solution of tannic acid is added to n 


solution of caustic potassa or its carbonate, a precipitate falls, scarcely 
soluble liii alcohol or nfhter; it forms a gelatinous compound when 
hydrated, and when dry, assumes an earthy aspect. 

T ANNATE OF SoDA is m'ore soluble than tannate of potassa. 

TaaNnates op Baryta, {Strontia, and Lime, arc difficultly Soluble in 
wiiter, but tliey dissolve in excess of tannic 'acid, and in acetic acid. . 

Tannate op Peroxide of Irox ^fe + 1^0 + 14 tdW ') ; Pert annate 
OF Iron. This salt corresponds in composition^with the best defined 
salts of iron; it consists of 1 atom of peroxide of iron^ and of tannic 
acid. It is important, as constituting th^basis of common writing-ink^. 

Tannate of Lead, (pZ-f O) +(36 A+ 24O) or (PL+to?tO 

is fbnncd dropping a solution of nitrati^ or of acetate of lead into a 
solution of tannic acid, Itn^'tng the latter in excess. It is white and 


insoluble, and, if neat rat ^ as it probably is, it consists of 


‘Oxide of lead . . 

. . 1 

112* 

. . . .^4.2 . 

. »4.21 

Taiinio acid . . 

. . 1 

. 426 

. . «6.« . 

. 65.71# 


I 


^ loo.o 

100.00 


Tannate of Antimony. The compound of tannic acid with prot- 
oxide of antimony is thrown down from a solution of emetic tartar, in 
the form of an insoluble white gelatinous precipitate. 

(lENKHAi. C'iiARAcrERs OF THE Tannates. Thc salts of the tnniiic 
acid are mostly of difficult solubility; those which are soluble do nut 
precipitate gebitin except an acid Ije added. AVith Abe w-hite oxides the 
pure taiinates arc white ; witli the coloured oxides, variously coloured. 
Infusion T)f galls, or a solution of tannic acid, arc often used as reagents, 
indicating by the colour of the pi'oduced precipitate, tiie nature of sevend 
of the oxides. The ^e§t should be applied to neutral sojutions. for tt^c 
effect is modified by the presence of free acids. 

* III inaklut; good Writing tkk^ the , c»f cliloiiiie, ink, liowi-ver good, will bo 
groat olyeot is to rogulato the proper- iiltimatoly discoloured, 
tioii of sultdiatc of iron to t}||c galls. If i Alop))o galls G or.., sulphate of iron 
it ho in oxooN&^al though the ink may at j 4 o^., gum-«irabio 4 ox, wator 0 pints, 
first ap|)ear blai^k, it beionuvs suUsc- Boil the galls in the water, then adtl the 
qur'iitl^ brown and yellow. II once, other iiigrodiouts, and koop^the whole 
Home time sliould elapse before ink is ; in a wooden or gloss vessel, occasion* 
iischI after ttie ingredients are put to- ! ally shaken. In two months, strain, and 
gethor, in onlor to be tested from time ' pour off the ink into glass bottles, to be 
to time, ami the coinbinations perfectly j well corked. To prevent mould, add 
reflated. Gum is added to retain the ; one grain of cornisive sublimate, or 
colouring matter in siisponsioii, to pro- j three dn>|is of kr<fosot€* to each pint of 
vent too gix*at AAidity in the writing, | ink. Sulxihate of copper is ooeasionaily 
and to protect the vegetable matter from | added to ink, but is rather injurious 
decomposition. Logwood, and other j than otherwise. 

vegetable astringents, luive been tried A bfue ink, or writing Jtuid, has lately 
for atramental pur)) 08 C 8 , but do not yield been introduced: I am not acquainted 
a permanent ink. with its composition, but the colouring* 

An excellent ink is obtained as.fol- matter is said to be sulpliate of indig«i 
lows ; but, if the paper has been mode and tannogallate hf iixm. 
from inferioHrags, bleached an excess 
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In the foUowing Table of these precipitates by infusion if galls, the 
first column contains my own results, the second those given by 
Dumas:— 


PRECIPITATE. 


Manganese 

1 Neutral protomuriate 

1 Dirty yellow 

Iron . . . 

1 Neutral protosulphate 

1 Purple tint 

Ditto . . 

1 Persulphate 

Black 

Zinc . . . 

Chloride 

Dirty yellow' 

Ti» . . . 

Acid protochloride 

Straw-colour 


Ditto . 


Cadmium 


Copper . 


Ditto 


Lead 

Antimony 


Bismuth 


Cobalt . 


Cerium . 
Tellurium 



Acid perchloride 


Chloride 


Protocliloride 


Nitrate 


Nitrate 

Tartrate of antimony and 
potassa 


Tartrate of bbmutli and j 


Cliloride 


UR.iNlUM • 

Sulphate 

Titanium • 

Acid muriate 

Ditto . . 

Neutral sulphate 


Sulphate 

Cliloride 


Arsenic 

White oxide 

Ditto . . 

Arsenic acid 


Bluc-hlaek 


Yellowish 


Yellow-brown 


Green 


Dingy yellow 


Straw'-oolour 


Yellow, and copious Orange 


Yellow-whito 


Dark brown 


Brown-red 


Blood-red 


Yellowish 

Yellow 


Little cliange 




Ditto 

Yellow 


Yellow 


? 


Molybdenum 


Mbrcliiy 


Ditto • 


Ditto 
Osmium . 


Chloride 


Sulphate 


Acid protonitrate 


Acid pernitrate 


Corrosive sublimate 
Aqueons solution of oxide 


Brown | Brown 


Green | Yellow-green 

Yellow ? 


Yellow j ? 


0 I 

Purple becoming blue I Blueish-purple 


Rhodium • 

1 

Palladium 

1 

Silver • . 

Nitrate 

Gold . * 

Chloride | 

Vumvit . 

Chloride I 



Curdy and brown | Dirty-yellow 

Deep brown j Brown 


BrownUi-gieen Dark-green 
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Gallic Acid. The researches of Pelooze have thrown much light on 
the nature and production of gallic acid^ and have shown, that although 
it is found in most cases, in Vegetable products which contain tannin, it 
generally exists in small quantities only, and that in the usual mode of 
procuring it from gallsy it is to be considered rather as a product^ than an 
educt. Two methods of obtaining this acid have been resorted to; in the 
one, heat is applied so as to sublime it; in the other, it is procured by 
exposure of infusion of galls to air; in the former case the acid, as we 
shall immediately see, is modified; in the latter, it is produced by the 
action of oxygen on tannin, and it is in this way, that the purest gallic 
acid may be obtained; as follows: 

Mix powdered galls into a thin paste with water, and expose it for 
four or five weeks, at a temperature between 60® and 70°, to the action 
of the air, observing to prevent its desiccation by the occasional addition 
of water: it swells and becomes- mouldy, and, at the end of that period, 
contains a large proportion of gallic acid: the paste is dried by pressing 
out the litjuid^ (which holds scarcely any gallic acid in solution,) whilst 
the residue is boiled in water; the solution thus obtained is filtered whilst 
hot, and iis it cools it deposits gallic acid, which may at once be purified 
by boiling it with about 8 parts of water and a fifth of its weight of 
animal charcoal: the filtered solution now' yields pure crystallized gallic 
acid as it cools. 

In regard to the theory of this change, it has been observed above, 
tliat solution of tannin undergoes no change if excluded from oxygen; but 
if exposed to air, it slowly absorbs oxj'gen, giving out an equivalent volume 
of carbonic acid ; so that, in a few wrecks, the solution contains acicular 
crystals of gallic acid, formed at the expense of the tannin. 

Gallic acid crystallizes, in combination wdtli water, in long silky 
needles, w'hich effloresce and become anhydrous w^hen duly exposed to a 
temperature of about 2i30^. When perfwtly free from tannin, it does not 
affect a solution of gelatin: its tiiste is slightly acid and styptic, and it 
requires about 100 parts of w'Jiter for its solution: it is somewhat more 
soluble in ether, and considerably more so in alcohol. According to 
Pelouze (//w/i. de Chim. et Phys^j liv., 337) the equivalent of anhydrous 
gallic acid is 85 = (7 0(27*+ 3 A + 5 O ) or, it consists of 
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and the crystallized gsillic acid consists of 

A iifiydrous gallic oidd . .1 . . 05 

. . .00.5 

l*«louKe. 

90.55 

Water 1 

0 

9.5 

9.45 


1 U4 100.0 100.00 

PiiopKRTiES OP THE Salts OF Oallic Acip, The gallafes have been 
but little examined, and much confounded with the tannates. The 
gallatcs of amtmnia^ potassa^ and soda^ arc solubld^ and colourless out of 
the contact of air, but absorb oxygen, and become brown. In these cases, 
and in the change which solution of gallic acid suffers, ^vhen exposed to 
air, Dcibereiner states that ulmin is formed. The gallates of (tme, haryia, 
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und sirontia^ may be thrown down by the addition of gallic acid to the 
aqueous solutions of those earths, in the form of white powders, which 
redissolre in excess of the acid, and form silky prismatic crystals, un- 
cltanged by exposure to air. When these solutions, with excess of base^ 
are exposed to air, they become discoloured. 

With persulphate of gallic acid produces a dark-blue precipitate, 
much more soluble tluin the pertannate of iron. This precipitate slowly 
redissolves in the supernatant solution; in a few d.'iys it becomes almost 
colourless, tln^ sulpliurio acid gradually resumes the greater part of the 
oxide of iron from the gallic acid, which separates in crystals, and the 
salt of iron contains a protoxide, in consequence of the decomposition of 
a portion of the gallic acid. These changes occur in a few miniitt's wlnm 
the liquid is boiled. AVith solution of nitrate, or acetate of Ivad^ gallics 
acid forms a permanent wliite precipitate, composed of 


Oxide of lead 
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58.8 

Gallic acid . . 

. . 1 


85 

43.2 
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Ellaoic Acid. This term, derived from the "word galU\ read back- 
wards, has been applied by Braconnot {Ann, cle Chim, rt Phps,^ ix., 181) 
to a siibstiincc produced along with gallic acid, by the <*xposuro of 
moistened galls to air. Btnng insoluble in boiling water, it remains after 
the gallie acid has been extracted; and it may ho dissolv(‘d out of the 
residue, by the action of a very weak solution of potassa, from wliicli 
dilute muriatic acid throws it down in the form of a tawny powdiT, taste- 
less and almost insoluble. It dot^s not decompose the alkaline carbonates, 
even at 212'^. When a solution of potassa is dropped upon it, lieat 
is produced, and it perfectly neutralizes the alkali: this salt, and that 
of soda^ is soluble: but the el! agate of amtnonia is, under all cireum- 
staiices, nearly insoluble, Xitric acid forms a red solution with ellagic 
acid, and changes it into oxalic acid. Acoonling to Peloiize, anhjfdrous 
ellagic acid is represented by the equivalent 7®. = ( 7 Cdr + i ft + 4 0), or 
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PvROGALLic Acid. This acid, first noticed hy Deyeux {Jour, de 
Phys., xlii., 416) has since been studied by Braconnot {Auu. de Chim, et 
Phys.y xlvi., 206), and by Pelouze, {ibid. Hr., .T17*) is, its name 
imports, pro<luced by the action of heat upon gallic acid, but a 
particular temperature is requisite for its formation, which Pelouze 
determined, hy heating the retort containing the gallic acid, in an oil 
bath, to be between 410^ and 420'^; a little above that heat no pyro- 
gallie acid is produced, but another distinct product, which has been 
called metagaUic acid. The preparation, therefore, of pyrqgallic acid 
requires much care as to temperature; it is best produced by half-filling 
a small retort with ^Uc acid, and heating it through the medium of an 
oil-bath with an immersed thermometer. It sublimes in the form of 
white and brilliant lamellar and anhydrous crystals, very soluble in water, 
alcohol, and ether, and slightly reddening litmus. Exposed tO air, itS 
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aqueous solution gradually acquires colour, and, in. the course of some 
days, is entirely resolved into what appears to be ulmin. It fuses at 
247^^ and boils at 410^, yielding a colourless vapour of a slightly balsamic 
odour: at 4(10^ it blackens, and is resolved into metagallic acid and 
water. Pyrogallic acid has been analyzed by Berzelius under the name 
of galttc acidy and also by Pelouze: their experiments indicate its cqui~ 
valent to be ( 6 CCLT + 3 A + 3 0 ), or 
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pYHOGAiJiATES. Ammoiiiu, soda, and potassfi, form soluble pyro- 
gallates: that of poUissa crystallizes in white rhomboidal tables. Pyro- 
gallic acid produefbs no precipitate in lime, baryta, or strontia water. 
According to Bruconnot it instantly reduces persulphate of iron to proto- 
sulphate, and the liquid acquires a reddish-brown tinge, without depositing 
any precipitate. If, instead of the free acid, a pyrogallate be used, or 
hydrated peroxide of iron, an intense blue precipitate falls. IVotosulphate 
of iron produces an immediate blackening. 

Mktagallic Acid. When tannic or gallic .acid is rapidly heated up 
to 4(10®, carbonic acid and water are evolved, and, instead of a sublimate 
of pyrogallic acid, a black, shining, and tasteless substance is formed, 
insoluble in water, but readily soluble in liquid ammouiii, poUissa, and 
soda, and disengaging carbonic iicid, with eflervescence, from the soluble 
alkaline carbonates. Metagallate of potassa gives black precipitates with 
tlie salts of lime, baryta, strontiii, magnesia, iron, zinc, copper, lead, and 
silver. The equivalent of this acid appears to Ik? 99 =(iaCCtr + 3A 
+ 30). The acid, as first formed, conUnus 1 equivalent of water. 

Atomic Kelatioxs of the fuecedimj Acids. The decomposition of 
gallic acid, at the temperature of 429®, is such, that 1 equivalent yields 
I of pyrogallic .acid and 1 of cuirbonic acid ; for 

1 (ialUc I eyr«»galUc aci.l. I I'ai'fxuiic aciit. 

(7car+3 A + so) = (icar-^-ih + zo) + (car+ao) 

and, at the temperature, of 480®, 2 atoms of pjTogallic acid yield 1 atom 
of inehtgallic iieid and .3 of water; for 

S Fyro^'aHu- .vid. i M«>lagall(c .'irid. 3 Walter. 

2 (ocar+aA+zO) = ( ucar+zh + 30 ) +3(A + 0 ) 

§ X. Colorific Extractive. Colouring Matter. 

The colouring matters of vegetables which are soluble in water, generally 
partake more or less of the chemical properties of extractive^ and like 
that principle, arc capable of being combined with, and fixed, or ren- 
dered permanent by certain bases or oxides, wfifeh, in reference to this 
particular case, arc often termed fnordanis. 

When a solution of bronm extractive matter, for instance, is mixed 

with a solution of certain salts of iron) lead) or aluminum) and an idkali 
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is addbd to tlie mixture, the metallic oxide falls in chemical combination 
'with the extractive matter, so that the supernatant liquor remains 
colourless. The same thing happens with , other colorific extracts ; an 
infusion of madder, for example, when mixed with a solution of alum, 
and decomposed by an alkiili, furnishes a red precipitate, and if the 
alumina be in excess, the residuary solution is perfectly colourless. Other 
coloured solutions present the same phenomena, and the coloured preci- 
pitates are, in such cases, often termed lakes, especially when of a red, 
pink, or purple tint. In these cases, an attraction is shown to exist, 
between the metallic ojcide and the colouring- ^natter, and it is often the 
means of conferring a degree of permanence and insolubility on the 
latter, and modifying its hue. It has already been stated that the various 
forms of lignin, or vegetable fibre, possess a similar attraction for certain 
oxides : accordingly, if a piece of linen or calico be steeped in a proper 
solution of such oxide, a combination of the fibre and 4he oxide will first 
take place ; and then, the fibre thus prepared, if immersed in a solution 
of colouring-extract, will combine with it, and the colour thus become 
fixed upon the stuff. This, in a few words, is the theory of the art of 
dyeing, with the greater number of vegatiible colours, which, though in 
themselves fugitive, and unsusceptible of combination with the linen, 
cotton, or other material to be dyed, arc rendered, to a greater or less 
extent, fixed and permanent, by the joint attraction of the base or mor- 
dant for the fibre and for the colour*. 

* The art of dyeing and calico-printing biiblc, that in the necesMiry exposure to 
has been the subject of several separate water, air and light, or their mbstitiitcf 
works, to which the reader is referred cht<mne, nasceni ojtygrn is d^vrlo]>(‘d, 
for details. The? following are a few of and is the destroyer of those portions of 
the principal points which beaxMBpi^the colouring- mat ter which are most obsti- 
chemistry of the processes. iiately retained. With respect to the 

In the first place, the goods require nature of the materials or fibre to be 
to be thoroughly cleansed from all dyed, it is found that different sub- 
foreign matters and colours, which is stances not only possess very different 
cffectcsl by washing and blenching. Warm attractions for dye-stuffs, but they absorb 
water is at first liberally applied to re- the colouring-matter in very different 
move the filth acquired in weaving ; the proiM)rtions. Wool appears in this re- 
goods, if linen or cotton, 'are then hmc- spi»ct to have the strongest attraction for 
or lioilcd with a veiy w’egJi^lplution colouririg-substaiices; silk coinc'S next 
of caustic iKitassa, washed in Uitj|e quaii- to it ; then cotton ; and lastly, lu>mp 
titles of water, and spread out upon the and tliix. The simple opemtioii of tiye- 
grass so as to be exposed freely to the irig is generally jierfuniied upon ftnimal 
joint agencies of light, air, and moisture; fibre, mvhwi wool and silk, whilst the 
this (lart of the operation, w’hich is te- more refined operation of printing in 
dioiis, may be much curtailed, or even |>attoniM and devices of various co1<nirH, 
su|>erseded, by the careful application is chiefly, tliough by no menus excbi- 
of a w'rak ifolution of chloride of lime, sively, conducted iqK>ii cotton, or ns it is 
4'ho bowking and expORore ire alter* UMually tunned, caiico. It lias to-n 

Iiately rep^^ated as often as nocc^ary ; above stated, that very few colours are of 
and lastly, the gcKids art^ immersed in such a iiattiro tis to combine w^i the 
water slightly acidulated by sulphuric fibre without some intermedium :^hero 
acid, again thoroughly washed, and this is the cose, they constitute wliat 
dried. By thesaoiM^rations. the texture liavo been tenned eubetantive colours: 
of the stuffs is always more or less im- but they generally require the iiiterven- 
t>aired, eHfH'icially w'hen chloride of lime tion of a base or mordant, and are CTallinl 
is used,. In ri«fiect to the the^ of the adjective cohure. The inordanis which 
operation of bleaching, it pro- are most frec^uently rc*8orted to, are, as 
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There arc other circumstances in which the different colouring-prin- 
ciples resemble each other, and which will be apparent in the following 
account of a few of the most important of them : they are genersdly 
impaired or destroyed by the continuous action of light, especially if 
aided by moisture and a certain temperature : they are also destroyed by 
clilonne, and by peroxide of hydrogen, and some other compounds in which 
oxygen is very loosely retained, and also by a few of the acids : among 
these, sulphurous acid is the most remarkable. The art of bleaching 
depends ’upon these properties, by which various colouring-matters are 
decom]>osed and destroyed, or converted into colourless compounds. 


As far as their use in the arts is 

liiis iilrfudy boi^ii reniark(Kl, salts of alu- 
mina, iron, and tin. * The substance to 
l>i» clyid is first inipre^at<d %vith the 
inonlaiii, and then ]Mi.ssed througli a 
sulutioii of tlie colouring-matter, which 
is thus fixed in the fibre, and its tint is 
(d’ten modified or oxalttMl by the opera- 
tion. 'riiat a considerable portion of the 
mordant is retained in tlie fibre of the 
calico or clotli dy<Hl, hjis been proved by 
the experiments of Dr. Tre. He found 
that UM) parts of the Jishes of Turkey- 
red calico (dyed by an alum mordant) 
affonU‘d between 16 and 17 parts of 
aliiiiiiiiii ; when*as th^gushes of white and 
washed calico only afforded a trace of 
that earth. (See two papers, by Dr, 
Ure, on the incinerated ashes of <*ot ton- 
wool and calico dyed by the Turkey- 
red process. Quart. Joum., xxt 28 — 
287.) 

Cttlico^printing, which is a more re- 
fined and difliciilt branch of the art, is a 
species of topical dyeing. In this pro- 
cess adjective colours are almost ahvays 
employtd. The mordants, the principal 
of wliich are acetate of aUnninn,' and 
acetatt' of iron, are firat ajipUed to the 
c'alico by means of wooden blocks nr 
c<)p]M*r-plates, upon which the re<|uisite 
patterns are engraved. The stuff is 
then passeil through the rolouring-balh, 
and afterwards ex{H)sedoii thebh*aehing- 
ground, or washed. The colour flies 
from those parts which have not n«ceived 
the mordant-, and is permanently re- 
tained on those parts only, to which the 
mfu'daiii Ims boon appliod : variety of co- 
lours is produced by employing A’^irlous 
mordants, and diffi>rcnt culuiiring-ma- 
terials, and by using thorn in various 
stattvs of dilution. 

White spots upon a dark groiiml are 
fiomctiines produced by covering the 
])art8 with wax, pipe-clay, or other ma- 
terials, wliich prevent the contact of 
the colour; or citric acid, thickened 


concerned, the red, yellow.^ and blue 

with gum, is appliod like a mordant wdlh 
the block or plate, and prevents the 
retention of the colour. Sometimes the 
colour is discliargtHl in places, by the 
application of chlorine, a process well 
illustrated in what are called Bandana 
handkerchiefs, of which an account will 
l>e found, by Dr. Ure, in the fifteenih 
volume of the Quarterly Journal. There 
is also an interesting series of papers on 
the subject of calico-printing, in the 
Records of Setenee^ edited by Dr. Thom- 
son, from which some idea may be 
formed of the refined and complex t lie- 
mical operations wliich have been suc- 
cessfully applied to the perfection of 
that Ix^aiuiful art. 

Besides the vegetable colours wliich 
are i^mnnerated in the text, and very 
many others w’hich are occasionally re- 
sorted to, and their various fniWurri, by 
which an infinite variety of compound 
colours are. obtained, metallic colours are 
constantly employwl both in dyeing and 
calico-printing. Tlu^se colours are not 
only infinitely various, but often admi- 
rably ndapteil to the processes of the 
art. Thus the attraction of oxide of 
iron for iliffereiit fibras, whicli renders it 
of such 'importance as a monlaiit, ena- 
bles the dyer and jirinter lo avail them- 
sidves of PrussianJdue : and with other 
iiiotallic mordants, such as oxide of lead, 
copper, ^c., the fi‘rrocyanuret of po- 
tassium, iodide of pot;ussiuiu, chromate 
of ]>otassa, arsenio-siilphurcds, and va- 
rious other salts, iHK'omo the sources of 
a groat variety of boautiful colours. 

liisteaJ of first applying tho niordant, 
and afterwanls thd ooloiiring-material, 
they are occasionally both printed to- 
gidiier, but in these cases, particular 
management is requisite in the selection 
of the substances cmployiKl, and in the 
mode of their application: when tliis 
^ method is resorted to, the colour k often 
i fixed by Uio application of steam at 212% 
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colouring-iDfitters arc the most important ; end from these, the following 
may ho selected for more particular description, on account of their 
applications and chemical properties. 

A. Reds. — 1. j\I adder. The plant which furnishes this valuable 
dye-stufl^ (^Kubia iinctorum; lAnn.^) is common in the South of Europe, 
and in many parts of the I.evant, and is largely cultivated in Holland : 
it grows to about three feet in height, and has a long spreading fibrous 
root, whicli is the part used in dyeing. It is carefully dried and cleaned, 
and aftenvards ground into a canrse powder, which is of a dingy red or 
orange colour, and very apt to he deteriorated by moisture. 'Jlie le van- 
tine madder, called ligari^ a/iizari^ azale^ has a finer colour than the 
Dutch, hut the latter is more carefully prepared and dried. When cold 
water is digested upon madder, it dissolves gum, sugar« yellow extractive, 
and fn'e malic aci(l : tlie residue, boiled in water, with a small adclitioii 
of carbonate of soda, yields a dark-red decoction, from which sulphuric 
acid throws drown the red colouring-matter : it may be purifie«l by dry- 
ing upon blotting-paper, and solution in alcohol : to the filtered tincture? 
a little carbonate of potassii is added to sepanite sulphuric acid, and 
when poured off from the precipitated sulphate (»f potassa, and evapo- 
rated, it leaves the colouring-principle in the form rd a confused 
crystalline nuiss. (Kuhlniaiin, Ann. ile (’him. et Phy.^., xxiv., 22").) 
Kroni this (‘oloiiiing-inatter, CVdiii and Robiipiet have obtained a crystal- 
lizable substance, which they call Alizarine^ (Ann, de (’hirn. ef Phy.s, 
xxxiv. 223.) There iwe several processes for its ]>reparation, the simplest 
of which appt'ars to bo the following, suggested by Zenneck, (Unarl. 
Jour, iV. *V., v., 11U»): — Digest ten parts of finely- powdered madder with 
four parts of otlu r, in a close flask ; the clear solution is to he distilled 
until the residue is thick like a syrup, and then dried upon plates in the 
r»pen air, powden*d, and sublimed. The suhlimatioii is to be <*fteeted in 
a watch-glass, or a iiietallie capsule, cuven d by a wry low cone, on 
whieli the vapours are to \tv coiidt'iiscd ; tlie layer of matter to he sub- 
limed must be tbiii, and the <listaiice through which the vapours have 
to pass as small as possilile ; a little cotton should In? placed at the 
orifice in the .summit of the coiulensing-cone, and tlie heat applied 
moderate, especially at the cominenceim'iit. 

Alizarine.^ well .sublimed, is in very brilliant, diajilianous, yellowish- 
red, acicular, c|uadrangular crystals ; they are soft, flexible, heavier than 
water ; have an acid taste, soften when heated, sublime at tlie tempera- 
ture of boiling oil, and then occasion a peculiar aromatic odour. It is 
iieiirly insoluble in cold water. At common temperature, one part dis- 
solves in 210 of alcohol, and in 10(1 of ether. It combines with and 
djbiolves in alkalis, fonning violet solutions ; and, in fact, has all the 
jiropiTtics of an acid. It even piisses to the jiositive pole of the voltaic 
yiile ; and when boiled with meUdlic zinc, causes its oxidation, and then 
unites with it; 100 parts combine with and ssiturate 3fl0 parts of oxide 
of lead : so that it has a greater saturating |Kiwer than oxalic acid. Its 
com|K)sitioii per cent, is given us 18 carbon, 20 hydrogen, and 02 ox^'geii. 

2. Safflowbr is the term given to the petals of the Carthamnx tine- 
/oroi^, or liastard saffron: it is cultivated in S|Kun, and in many parts 
o\ the licvaiit, whence it is chiefly imported; hut on account of its price 
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it is seldom used, except to give the finishing-hue to some silks, and in 
the preparation of the article called rouge. Safflower contains two 
colouring-matters, a yellow and’ a red, and as the former spoils the tint 
of tlie latter, it is removed by washing the safflower in a linen bag, in a 
stream of pure cold water : the residue yields the red colour, by digestion 
in a cold solution of carbonate of soda, from which it may be precipitated 
by a weak acid, lemon-juice being preferred. Good safflower affords 
about 5 per cent, of this p^-oduct, whicdi, according to Ddbereiner, is a 
peculiar acid, {carihamine^ carthamic acid,) It is insoluble in pure and 
in acidulated water, and in oils ; sparingly soluble in alcohol and ether ; 
yields a yellow solution with alkalis; and with soda a colourless crystal- 
line salt, which acids instantly redden. This colouring-matter is easily 
bleached : when mixed w’itli takr in fine powder, it forms common rouge, 

3. Nk akaoua, Pkach, Brazil, I’lmNAMBoirc;, and Sapan Wood. 
These arc the woods of certain species of Ca*salpitia : they give out their 
eolouring-matter to water : it is of different tints of red and pink, be- 
eoming yellow by acids, and blue or purple by alkalis, and easily bleached. 
It is soluble in alcohol. The infusion in weak citric or phosphoric acid 
is a good yellow dye. Various tints of violet, red, and purple, may l)e 
obtained by the acti(»n of acids and alkalis. The salts of iron render it 
de(*p blue. It is the colouring-matter of red Ink, which is usually made 
by boiling about two ounces of Brazil-%vood in a pint of water for a 
(juarter of an hour, and adding a little gum and alum. (The finest red 
iuk is that procured by digesting cochineal in a very weak solution of 
ammonia.) Nitromuriate of tin carries down the greater part of the 
colour of infusion of Brazil-wood, and alumina forms with it variously 
tinted lakes. The infusion of peach-wood is very well adapted for ex- 
t(un])oraneous illustrations of the art of dyeing and calico-printing. 
Besides colouring-matter, the aqueous infusion of Brazil-wood contsiiiis 
fn’c acetic acid, tannin, and aceUitcs of potassa and lime, w ith a trace of 
volatile oil. 

4. lAir.w'ooD, Campeaciiy-w’ood. This is the w^ood of the Ihvma- 
io.vt/lon campechianumj a large tree wdiich grows in various parts of the 
West Indies, and especially on the Biiy of Campeachy, and along the 
Am<;rican continent. It is largely imported from Jamaica, as a dye-stuff. 
It has a sw'cetisli astringent taste, and a peculiar odour; an extract pre- 
pared from it is used in medicine. It contains, according to Clievreul, a 
peculiar colouring-principle, which he has termed llematin, and which 
may be obtained as follows. 

i )n the watery extract of logw^ood, digest alcohol for a day, filter the 
solution, evaporate, add a little waiter, evaponite gently again, and then 
l<»ave the liquid at rest. I [omatiii is deposited in small crystals, which, 
after washing w’ith alcohol," are brilliant, and of a reddish- white colour. 
Their taste is bitter, and sistringcnt. 

Ilematin forms an oninge-red solution with boiling water, becoming 
ytdlow as it cools, but recovering, >vhen heated, its former hue. Alkali 
(!on verts it first to purple, then to violet, and lastly, to brown: in which 
statf? it seems to be decomposed. Metallic oxides unite with it, forming 
Idiie compounds. Gelatin throws down reddish flocculi. Protomuriate 
of tin reiulors it lilac. 
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Logwood-shavings yield their colour to water and alcohol : the latter 
extracts it more readily than water. The colour of its dyes is in- 
clining to violet or purple. Its aqueous decoction, left to itself, becomes 
yellowish, and at length black. Acids turn it yellow; alkalis deepen its 
colour, and give it a puiple hue. Stuffs would take only a slight and 
fading colour from decoction of logwood, if they were not previously pre- 
pared with aluminous mordants. A blue colour may be obtained from 
it, by the addition of verdegris ; but the great consumption of logwood 
is for blacks^ which are obtained by alum and iron bases, and of any 
requisite degree of intensity. 

5. Red Sandal, or Saunders Wood, is the produce of the Pterocarpus 
santalinusy and contains a deep-red colouring-matter, which is insoluble 
in pure water, but which may be extracted by alcohol and by alkalis. 
When its alcoholic solution is evaporated, it remains in the form of a 
red resin, fusible at 212^, and soluble in ammonisr or carbonate of 
ammonia, from which solutions of it may be precipitated by muriatic acid : 
it it also soluble in acetic acid. Fine purple precipitates are thrown down 
in its alcoholic solution by protochloride of tin and by subacetid;e of lead, 
deep violet by sulphate of iron, scarlet by corrosive sublimate, and brown 
by nitrate of silver. Ether dissolves the colouring-matter of this wood 
more perfectly than alcohol, and water throws it doum from the latter. 
The acetic solution of it causes an orange-coloured precipitate with 
gelatine. (Pelletier, Jour, de Phtfs.^ Ixxix., 268.) 

6. Alkanet is the root of the Anchusa tinctoria^ a species of hugloss^ 
which is a native of the warmer parts of Europe, and cultivated in <fur 
gardens. The greatest quantities are raised in Germany and France. 
This root imparts a deep red colour to alcohol, oils, wax, and all unctuous 
substances. Its colouring-principle {jalcannin^ see Pelletier, Jour, de 
Phys.^ Ixxix., 278, and John, Chew. Schrifl.y iv.), may be obtained by 
the evaporation of its ethereal tincture, or by precipitating its solution in 
carbonated alkalis by a dilute acid. It is insoluble in water, but soluble 
in alcohol and ether, and in the fat and volatile oils, to which it imparts 
a fine red. Its alcoholic solution is imperfectly decomposed by water. 
The alkalis render it blue, and the acids restore its red. It is precipitated 
crimson by solution of protochloride of tin ; blue, by subacetate of lead ; 
dark-violet, by the salts of iron ; and pale-red, by corrosive sublimate. 

The principal use of alkanet root is, that of colouring oils, unguents, 
' and lip-i^ves. Wax tinged with it, and applied on warm marble, stains 
it of a flesh-colour, which sinks deep into the stone; the spirituous 
tincture gives it a deep red stain. 

. As the colour of this root is confined to the bark, and the small roots 
have more bark in proportion to their bulk than the great ones, these also 
afford most colour. 

7* Archil, Rocella, Orselle. This is a whitish lichen, growing 
upon rocks in the Canary and Cape Yerd Islands, which yields a purple 
tincture, fugitive, but extremely beautiful. This weed is imported as it 
is gathered : those who prepare it for the dyer, grind it so as to bruise, 
but not reduce it into powder^ and then moisten it occasionally with urine 
mixed with quicklime ; in a few days it acquires a blue colour ; in the 
first state it is called archil^ in the latter laemus or litmus. The term 
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Cudbear is also often applied to this dye-stuff, a term said to be derived 
from name of its discoverer, Cuthhert Gordon. 

The chief use made of archil is for giving a bloom to other colours, 
which is effected by passing the dyed cloth or silk through hot water 
slightly impregnated with it. This bloom fades upon exposure to air : 
solution of tin renders it more durable, and its colour is at the same time 
changed toward a scarlet. Prepared archil gives out its colour to water, 
alkalis and alcohol^. 

Litmus is used as a iest^ either by stmning paper with it, or by infusing 
it in water, when it is very commonly called tincture of turnsole. The 
persons by whom this article was prepared, formerly gave it the name of 
turnsole, pretending that it was extracted from the turnsole, Heliotropium 
tricoccum^ in order to keep its true source a secret. The light of the sun 
does, however, turn it red, even in close vessels. This tincture may 
be made with spirit instead of water. The tincture, or paper stained 
with it, is presently turned red by acids : and if it be first reddened by a 
small quantity of vinegar, or some weak acid, its blue colour ^vill be 
restored by an alkali. (lire’s Dictumary.) 

8. CniGA Red is the colouring matter- obtained from a species of 
Bignjonia^ and used by the American Indians to colour the skin. It is 
soluble in water, alcohol, and ether. (Boussingault, Ann. de Chim. et 
Phys.^ xxvii., 315.) 

9. Animal Reds. Cochineal Red; Lac Red; Kermes. These 
substances are principally used’in conferring upon woollen cloth the colour 
commonly called scarlet. Cochineal is a small insect brought from Mexico, 
where it is found upon different species of the Opuntia. The nature of 
this colouring matter has been investigated by MM. Pelletier and Caven- 
tou ; it is united in the insect with a peculiar animal faiatter, fat, and 
some saline substances ; they separated it by exposing a strong alcoholic 
tincture of cochineal to spontaneous evaporation ; it deposited a crystal- 
line matter, which was redissolved in alcohol and the solution mixed >vith 
its bulk of sulphuric ether ; this caused it in a few days to deposit the 
pure colouring-principle, which they call Carminium : Dr. John has pro- 
posed for it the term Coccinellin. This substance is fusible at about 
120°, very soluble in water, less so in alcohol, and insoluble in ether ; 
the acids change its colour from purple to pale-red or yellow: the alkalis 
render it violet ; and its colour is impaired by most saline solutions. It 
readily combines with alumina, forming a beautiful lake or carmine. He* 

* It was the colouring-matter for- in water, applied on cold marble, stains 
merly used for tinging the spirit in it of a beautiful violet or purplish-blue 
thermometer-tubes, but was very liable colour, far more durable th^ ^e colour 
to fade. The Abbe Nolle! observes, (in which it communicates to other bodies, 
the French Memoirs for the year 1742,) M. du Fay says, he has seen pieces of 
that the colourless spirit, upon breaking marble stained with it, wliich in two 
the tube, soon resumes its colour, and years had suffered no sensible cliange. It 
this for a number of times successively; sinks deep into the marble, sometimes 
that a watery tincture of archil, included above on inch, and at the same time 
in the tubes of thermometers, lost its spreads upon the surfree, unless the 
colour in tlurce days; and that in an edges be bounded by wax or some similar 

open deep ve^el, it became colourless substance. It is sold to make the marble 
at the bottom, while the upper part re- somewliat more brittle, but this is pro- 
toined its colour. A solution of archil bably erroneous. 
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obtained from 100 parts of cochineal, 50 of coccinellin, 24.6 gelatine and 
mucous matter, 10 waxy fat, 14 membrane, 1.5 saline matters. 

The colouring-matter of cochineal is fixed upon wool by nitromuriate 
of tin and tartar, by which scarlets are produced, and alum changes the 
scarlet to crimson. Cotton and linen are very rarely dyed with cochineal, 
for, independent of its gresft expense, the colours are little superior to 
those given by madder. 

Lac is a substance formed by an insect, and deposited on different 
species of trees, chiefly in the East Indies. The various kinds of lac 
distinguished in commerce, are stick4ac^ which is the substance in its 
natural state, investing the small twigs of the tree ; seed~lac^ which is the 
same broken off ; and which, when melted, is called shell4ac. These 
substances have been examined by Mr. Hatchett. The following table 
exhibits their component parts. (Phil, Trans,, 1804.) 

Slick lac. Sced-lac. Shell-luc. 


Resin 68 * . , 88.5 . . 90.9 

Colouring-matter . . 10 . . 2.5 . . 0.5 

Wax 6 . . 4.5 . . 4.0 

Gluten 5.5 . . 2.0 . . 2.8 

Foreign bodies ... 6.5 . , . . 

Loss 4.0 . . 2.5 . . 1.8 


100 100 100 


Dr. John has announced the presence of a peculiar acid in stick-lac, 
which he has called laccic acid. The lac was digested in water, the 
solution evaporated, and the residue digested in alcohol : the alcoholic 
solution was evaporated to dryness, and its residue digested in ether. 
The evaporation of the etheric solution leaves a yellow^ matter, which, 
being again dissolved in alcohol, and the solution mixed with water, 
deposits a little resin, and leaves laccic acid in solution, which, upon the 
addition of acetate of lead, gives a precipitate of laccale of lead; the 
latter compound, by cautious decomposition by sulphuric acid, affords the 
laccic acid. 

Laccic acid is crystallizable, of a yellow colour, a sour taste, and 
soluble in w^ater, alcohol, and ether. With potassa, soda, and lime, it forms 
deliquescent soluble laccales; with lead and mercury it produces white 
insoluble compounds ; it occasions no precipitate in tlie nitrates of baryta 
•and silver. (Thomson's System, ii., Dr. Pearson obtained a pecu- 

liar acid from a substance called white lac, fi*om Madras. He also hiis 
called it laccic acid. Phil Trans., 1794.) There are two preparations 
of the colouring-matter of lac imported from India, under the names of 
lac lake and lac dye. The latter is by far the most valuable, and by 
skilful management may be employed in dyeing scarlet as a substitute 
for cochineal. It is to be regretted that the preparation of this valuable 
dye-stuff is not more carefully attended to. 

Kermbs, or the Coccus ilids, a small ii\sect found in many parts of 
Asia, and in the South of Europe; and the Coccus PoUmicus, found 
. adhering to the roots of Polygonum, and employed as a dye-stuff in 
Poland and in Turkey, also contmn a red coloiiring-principle. The 
scarlets and crimsons which they produce, are said to be brilliant and 
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permanent. Tartar and solutions of tin are used to produce scarlet ; and 
aluminous bases, and soap, fi)r crimson. 

B. Yellows, — 1. Quercitron Bark. This is the bark of the 
Quercus tinctoria^ or Quercus nigra of North America: it was first 
introduced into England by Dr. Bancroft, {Philosophy of Permanent 
Colours^ London, 1813,) and is now one of our most important dyeing- 
materials. Its colouring-principle, which amounts to about 8 per cent.^ 
may be extracted by water ; a quantity of tannin is at the same time 
taken up, which would be prejudicial, and therefore glue, bladder, or 
some similar gelatinous membrane is added to the infusion, by which the 
tannin is abstracted. The yellow colorific extract may then be preci- 
pitated in combination with alumina, or with oxide of tin. With the 
salts of iron it gives a variety of olive and drab tints, dependent upon the 
presence of more or less tannin, and the degree of dilution. 

2. Fustic. Tl|is is the wood of the Morns linctoria^ it large tree which 
grows in many parts of the West Indies, and on the American continent. 

It yields 9.1 colouring-matter ^vith* some gallic acid, 4 tannin, 2 gum, 

9 resin, 74 lignin. (George, as quoted ])y Berzelius.) Its decoction is 
orange-coloured, and is improved as a yellow dye, by the addition of 
gelatin. Alkalis deepen its colour, and acids render it paler. Acetate 
of lead and protochloridc of tin give deep-yellow precipitates with it, 
the tint of vrhich is brightened by tartar and alum. 

Weld {Reseda luteola). This is a slender plant, growing to the 
height of about three feet, and cultivated for dyers. When ripe it is cut 
and dried. Its decoction is of difterent shades of .yellon, according to 
its strength. Alkalis deepen its tint, and acids render it paler. Alum, 
tartar, and solutions of tin, brighten it, and give it more or less of a deep- 
lemon tint. Dyers Broom (the Genista tinctoria^ Linn.,) and the Ame- 
rican Golden Rod {Solidago canadensis), also contain a yellow extractive, 
from which yellow dyes are obtained. A water-colour, called weld-yellow^ 
is much used by paper-hanging manufacturers. It is the colouring- 
matter of weld precipitated with an earthy base. It is prepared as fol- 
lows : — Into a copper-vessel put four pounds of fine w ashed whiting, and 
as much soft-water, and boil them together, stirring them with a deal 
stick, till the whole forms a smooth mixture: then add gradually tivelve 
ounces of po^vdered alum, still stirring, till the effervescence ceases, and 
the whole is well mixed. Into another copper put any quantity of weld, 
with the roots uppermost; pour in soft water enough to cover every part* 
containing seed ; let it boil, but not more than a quarter of an hour; take 
out th^ weld, and set it to drain ; and pass the whole of the liquor through 
flannel. To the hot mixture of chalk and water, add as much of this 
decoction as will produce a good colour, keep it on" the fire till it boils, 
and then pour it out into a w'ooden or earthen vessel. The next day the 
liquor may be decanted, and the colour dried on chalk. (Ure*s Dictionary*) 

4. Annotto {Roucou. Orlean,) This article is procured from the seeds 
of a large tree, the Bixa orellana. When ripe they are bruised, soaked, 
and beaten into a pulp, >vhich, after due fermentation, is boiled with 
water, during which it throws up a scum, which is collected, dried, and 
made ihto cakes or jgflls, of 2 or 3 pounds weight: in this state it comes 
into our market from Cayenne, and other parts of America. Its colouringw. 
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matter is soluble in water, and more so in alcohol and alkaline liquors: it 
has a disagreeable smell and . taste. It is a powerful dye, and is used 
also to colour various varnishes, and to give the deep-orange tint to 
Cheshire cheese. (Boussingault, Ann, de Chim, et Phys,^ xxviii., 440.) 

5. Turmeric is the root of the Curcuma longa. It yields a yellow 
colour, slightly to water, but very abundantly to alcohol, and to alkaline 
solutions: the latter impart to it a deep-brown tint, hence its use in the 
laboratory as a test. Acids, with some few exceptions, (such as the 
boracic, and muriatic acid gas, which tinge turmeric paper brown,) render 
it bright yellow. It is much used in cookery to give yellow tints, and is 
an ingredient in curry-parvder. 

6. Saffron. The stigmata of the Crocus sativus^ form the article 
kno^vn in commerce under this name. Bouillon la Grange and Vogel 
have given the term Polychroite to its colounng-principle, (Ann. de 
Chim., Ixxx., 129,) from the variety of colours which it produces under 
the influence of various reagents. But Henry (of Paris) has shown that 
polychroite is a compound of extractive and essential oil, and that the 
extract alone is not possessed of any important peculiarities. 

C. Blues. The blue colouring-matter of plants, is chiefly resident 
in the petals of flowers, but the fruits and other parts which contain 
purple or red juices, may generally be rendered blue by the action of 
an alkali, or other base, which saturates the acids that are present ; so 
that the original colouring-principle often appears in these cfises to possess 
a blue colour, reddened by the action of one or more of the vegetable 
acids. 

The colouring-matter of most flowers is extremely fugitive, and is 
generally much changed by mere exsiccation. They usually communicate 
their colour to water: the infusion of blue flowers is generally reddened 
by acids, and changed to green or yellow by alkalis; that oi yellow flow'crs 
is made paler by acids, and alkalis render it brown: the red infusion of 
many flowers is exalted in tint by acids; and changed to purple, and in 
some instances to green, by alkalis: so that probably one and the same 
principle gives colour to several of the blue and red flowers, but die pre- 
sence of acid in the latter produces the red ; the petals of the red rose, 
triturated with a little carbonate of lime and water, give a blue liquor; 
alkalis render it green, and acids restore the red. 

A colouring-matter, analogous to that of the violet, exists in the petals 
of red clover, in the red tips of those of the common daisy, of the blue 
hyacinth, the hollyhock, lavender, in the inner leaves of the artichoke, 
and in numerous other flowers; reddened by an acid, it colours the skin 
of several plums, and the petals of the scarlet geranium and pomegranate. 
Some flowers which are red, become blue by merely bruising them; this 
is also the case with the colouring-matter of red cabbage-leaves, and of 
the rind of the long radish. Mr. Smithson has suggested that the red- 
dening acid is in these cases the carbonic, which escapes on the rupture 
of the vessels which enclose it. 

The petab of the common com-poppy^ rubbed upon paper, give a 
purple stain, little altered by ammonia or carbonate of soda, but made 
green by caustic potassa. The infusion of poppy-petals in vely dilute 
muriatic acid, is florid red; chalk added, renders it of the colour of port 
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wine; carbonate, of soda in excess gives the same colour, but excess of 
potassa changes it to green and yellow. 

The colouring-matter o( fruits seems, in most cases, to bear a strong 
resemblance to that of flowers. The red juice of the mulberry was found 
to exhibit the same characters as the colouring-principle of the wild 
poppy; carbonated alkalis render it blue, but caustic potassa changes it to 
green and yellow: the juice of red currants, cherries, elder-berries, and 
privet-berries, and the skin of the buckthorn-berry, appear to contain a 
similar colouring-principle. The unripe berries of the buckthorn furnish 
a juice, which, when inspissated, is known under the name of sap-green. 
It is soluble in water, and rendered yellow by carbonate of soda and 
caustic potassa; the acids redden it, and carbonate of lime restores it to 
green, which is therefore probably the proper colour of the substance. 
(Smithson, Phil TranP.^ 1818.) Black currants, the common black- 
berries, the ripe berries of the Portugal laurel, and several other common 
fruits and berries, contain similar colouring matters. 

Indigo. The most important blue colouring-matter is the substance 
called Indigo; it is evidently a vegetable principle sui generis^ but from its 
value as a dye-stuff, I shall place it among the colorific extractive prin- 
ciples; indeed, in its original state, as it exists in the sap of the plants 
whence it is obtained, it appears to be as nearly allied to extractive, as to 
any of the other proximate principles; but. as we shall presently find, its 
character as a proximate principle, and its ultimate or elementary com- 
position, arc distinct and peculiar. 

Indigo is obtained chiefly from different species of Indigofera^ an 
American and Asiatic plant, cultivated as a source of this article; it is 
also obtained from the Nerium iinctorium; and from some species of 
Isatisy or woad. The dye is extracted either from the fresh or dried plant, 
by suffering it to ferment with water, during which it undergoes chemical 
changes, which ultimately cause its deposition in the form of a blue fecu- 
lent deposit, which is collected and dried. In regard to the details of its 
manufacture, two papers will be found in the Qtuarterly Journal of Science^ 
(vols. V. and vi., new series^ pp. 296 and 266,) in which the principal steps 
of the operation, and the probable nature of the results, are explained. 
The general characters of indigo, as it is found in commerce, are the fol- 
lowing: it occurs in square cakes, or cubical masses of a deep-blue colons, 
and generally containing about 60 per cent, of pure colouring-matter, 
which is perfectly insoluble in water; when heated to between 500° and 
600^, it affords a sublimate in the form of a blue smoke, which, on con- 
densation, forms acicular crystals, amounting in weight to 18 or 20 per 
cent, of the original indigo. It is soluble in concentrated sulphuric acid. 
This solution is usually called Saxon^ or liquid blue^ and is used as a sub- 
stantive colour for dyeing cloth and silk. Substances which powerfully 
attract oxygen render indigo green, and by exposure to air, it again 
acquires a blue colour. In this green state, indigo is soluble in the allmlis^ 
and the solution is commonly employed for dyeing calico. A bath for 
this purpose may be made by mixing one part of indigo, two parts of 
sulphate of iron, and two of lime, in a sufficient qiugitity of water: in this 
case, the sulphate of iron is decomposed by a portion of the lime. The 
protoxide of iron thus produced becomes peroxidized at the expense of 
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the indigo, which is rendered green and soluble in the •alkaline liquor; 
cotton steeped in this solution acquires a green cdlour, which, by exposure 
to air, ai^d washing in water acidulated with sulphuric acid, becomes a 
permanent blue. A little iron or zinc thrown into diluted sulphate of 
indigo changes or destroys the colour in consequence of the erolution of 
hydrogen; the colour is also quickly impaiied and destroyed by chlorine. 

The analysis of indigo, to ascertain the proportion of colouring-matter^ 
which varies much in different samples, may be performed by the succes- 
sive action of water, alcohol, and muriatic acid. (Chevreul, Ann. de 
Chim.y Ixvi., 20.) 100 par^ of Guatimala indigo, thus treated, afforded 


To Water 


To Alcohol 


To Muriatic 
Acid 


Kesiduo 


{ Green matter combined with ammonia 
Dqpxidized indigo . . . . 

Extract • . . . ; 

Gum 

{ Green matter 

Kesin ....... 

A trace of indigo .... 

I Hod resin 

Carbonate of lime 

Oxide of iron ... 

Alumina 

f Silica 

i Pure indigo 
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Indigo has also been subjected to an interesting series of experiments 
by Berzelius (Ann. de Chtm. et P\ys.y Nov. et Dec., 1827), who found 
its usual constituents to be four distinct substonces: viz., 1. gluten; 
2. a peculiar lirown substance, apparently rsiembliiig extract ; 3. a red 
substance, which gives a white sublimate when heated in close vessels; 
4. indigo blue. 1. The substance which Berzelius terms Gluten^ is 
soluble both in alcohol and water, and was obtained by digesting pow dered 
indigo in dilute sulphuric acid, neutralizing the solution by chalk, filtering, 
evaporating to diyne&s, and digesting thw residue in alcohol. 2. I1ie 
Brown matter was taken up from the indigo (freed as above from gluten) 
by potassa, and neutralizing' the solution by sulphuric acid ; this occasions 
a precipitate containin|Plf peculiar brown matter. 3. Upon the indigo, 
purified by dilute acid and by the action of solution of potassa, strong 
alcohol was digested, which takes up a red mbstance^ insoluble in water 
and alkalis, soluble in concentrated sulphuric acid, and in nitric acid, 
and which, when heated in vacuo, yields a gray crystalline sublimate. 
4. The substance remaining after the action of the above solvents is 
the real colouring-matter of the indigo, or indigo-hlue^ and is that which 
forms the purple vapour and sublimate above alluasd to. It forms a deep- 
blue solution of great intensity with sulphuric acid, and especially with the 
fuming and partly anhydrous acid (Nordhausen acid), and i% in fact, the 
principal iiqpredient in the sulphuric dyeing-liquor already mentioned. 

The action of sulphuric acid upon indigo^ has been investigated 
by Mr. Crum./ {Aim. of Phil.^ N. 5., v., 81). The concentrated acid 
does not merely dusolve it, but, in the course of twenty-fodi hours, 
alters its properties; it at first becomes yellow, in consequence probably 
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of the abstraetiim of tli& elements of water, for much beat is evoly^, and 
tbe ilddition of water inmatl^ restores the blue tint. Nothing i^'gifyn off 
or absorbed, nor is carbon precipitated. When the sulphuric qf^ution is 
neutralixed by potassa, an intensely-blue precipitate &]ls, soluble in 
watcgr, but insoluble in saturated solutions of the salts of potaSHl; it was, 
therefore, purified by alternate washing with solution of acetate of potassa 
and alcohol. When dry it acquires a copper-colour, is very llygrometric, 
soluble in 140^ of cold, and*in a smidler proportion of hot, water. The 
cold solution, even when lafgely diluted, f^isjies insoluble precipitates 
with salts of potasta, soda, lime, baryta,|||^ntia, lead, and mercury. 
This substance has been called Cerulin^ an<^xists in the precipitate as a 
ceruleo-sulphate of potassa: it appears to be a hydr^ of indigo, in which 
ofie proportional of indigo is combined with four of water. 

By limiting the action of the acid upon the indigo to three or four 
hours (or at 100^ to^ minutes), different results are obtained. One 
part of purified indigo was shaken in a phial with ten of sulphuric acid 
till it became green, it was then poured into water, and filtered. The 
first washings of the substance upon the filter are to be rejected; but 
when the liquid passes of a blue colour, solution of chloride of potassium 
may be added, which ^rows down a purple precipitate, called by Mr. 
Crum, Phenicin (firom^*v*f). This substance is soluble in w^ater and 
alcohol; it is converted by sulphuric acid into cerulin; it is precipitated 
by idmost all saline substances of a purple colour; it appears to contain 
one proportional of indigo and two of water. 

Indigogene. The extraordinaxy change which indigo, or rather its 
colouring-principle, undergoes by the action of deoxidizing agents, has been 
studied hy Liebig. (Ann, de Chim. et Phys.^ xxxv.) He obtained white or 
deoxidized indigo (indigogene\ as follows: part of pure indigo, 2 parts 

of proto-sulphate of iron, 2^ parts of hydrate of lime, and from 50 to 00 
parts of water, were digested together for 24 hours in a close vessel, 
which had previously been filled with hydrogen. The clear liquor over 
the sulphate of lime and oxide of iron had a yellowish-red colour, and 
was separated by a siphon filled with hydrogen, and mixed with diluted 
muriatic acid, containing some sulphite of ammonia dissolved; a dense 
white precipitate was formed, becoming blue in the air. This s|as 
gathered in a filter out of contact of mr, and wMhed with boiled water^ 
containing sulphite of ammonia in solution, and dried at 212% in dose 
vessels through which a current of hydrogen was continually passed. 
Hie upper surface o^ the mass became of a blue colour, but the lower 
remained of a dull-white. This white substance was called Indige^ene* 
It did not change colour in. dxy air, but under water became of a Seef^ 
blue, which, by dlying, assumed a coppery appearance. The blue sUb* 
stance volatilized by he^ without leaving any residue, forming puiple 
vapours, which condensed, when cold, into crystals difierir^ in SQlhm 
from sublimed indigo. Indigogene (fissolves in alkaUs wifi]|iQilit neutn^ 
‘lizing them: At is also^oluble in alcohol, but insoluble in water ^r'aeidl«^> 

A given quantity of this indigogene waS acted upon by 
and the weij^t of the undissolved blue portion ascertained; it appeimil 
that ihewreight of the pure portion dissolved was 0»4iM grammto 
grains). The solution was put into an inverted jalt, over 

3f 
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portion; of one volu&c of /ike former to five of the latter. This was a 
at result, and in was any 43ulphuric or other acid left 

in tEe' -topper. This compound, therefore, called carhazotic acid^ is 

represented by Liebig as destitute of hydrogen, and as consisting of 


Nitrogen . . 
Carbon . . , 
Oxygen . , 

. . 3 

. 16 
. . 16 

... 42 

... 90 

. . 120 

16.67 

35.71 

47.62 

Liebig. 

Mean of 4 oxiits. 
16.2 
. . 36.0 

48.8 


1 

262 

100.00 

100.0 


The Carbazotates are crystallizable, bitter, and deflagrate or explode 
when heated. They detonate much more powerfully when heated in 
close vessels, than when heated in the air; and it is curious to c)bser^t, 
that those with bases yielding oxygen most readily, are those which 
explode with least force. By heating some of the salts previously mixed 
with chloride of potassium, &c., to retard the action, it appeared that no 
carbonic oxide, but only carbonic acid and nitrogen were evolved during 
their decomposition by heat. 

Carbazotate of Ammoxia forms very long, flattened, brilliant, yellow 
crystals, very soluble in water. Heated carefully ih a glass tube, it fuses, 
and is volatilized without decomposition ; heated suddenly, it inflames 
>vithout explosion, and leaves much carbonaceous residue. 

Carbazotate op Potassa crystallizes in long yellow quadrilateral 
needles, semi<-transparent and very brilliant ; it dissolves in 200 parts of 
water at 60° Fahr., and in much less boiling water : a saturated boiling 
solution becomes a yellow mass of needles, from which scarcely any fluid 
will run. Strong acids decompose it ; yet when an alcoholic solution of 
carhazotic acid is added to a solution of nitre, crystallized carbazotate of 
potassa, after some time, precipitates. Alcohol does not dissolve it. 
When a little is gradually heated in a glass tube, it first fuses, and then 
suddenly explodes, breaking the tube to .atoms ; traces of charcoal arc 
observed on the fragments. This salt precipitates a solution of the pro- 
tonitrate of mercury, but not salts containing the peroxide, or those of 
copper, lead, cobalt, iron, lime, baryta, strontia, or magnesia. The slight 
.solubility of this salt supplies an easy method of testing and separating 
potassa in a fluid. Even the potassa in tincture of litmus may be dis- 
covered by it ; for, on adding a few drops of carhazotic acid, dissolved in 
illcota)!, to infusion of litmus, crystals of the salt gradually sepanited. 
The saturated solution of the salt at 50° Fahr. ife not iroublcd by chloride 
of platinum. The salt contains no water of crystallization. It was analyzed 
by converting a portion of it into chloride of potassium by muriatic acid. 
Its composition is, 

Liebig. 

Potassa 1 .. 48 .. 16.9 .. 16.91 

Carhazotic acid . . 1 . • 262 . . 84.1 ^ . . 83.70 

1 300 100.0 100.00 

Carbazotate op Soda crystallizes in fine silky yellow needles, having 
the general properties of the salt of potassa, but soluble in from 20 to 24 
parts of water, at 69°. 
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Carbazotate of Lime, obtained like the salt of Xaryta, 4[>rms 
tened quadranglur prisms^ v^ry soluble in^lvmter, and detonating lih^fe the 
salt of potassa. 

Carbazotate op Baryta is obtained by heating caFbonate of baryta 
ajid carbazotic acid with water. It crystallizes in quadrangular prisms 
of a deep colour, and dissolves easily in water. When heated, it fuses, 
and is decomposed with very powerful explosion, producing a vivid yellow 
flame: the explosion is as powerful as that of fulminating silver. A 
solution of chloride of potassium, to which carbazotate of Ijaryta has been 
added, produces a precipitate of the potash-salt, and not more than 1 ^ 
yjcr cent, of potash remains in solution. Carbazotate of baryta contains 

Ltrbig. L rlnK 

Baryta ... 1 . 77 . 23..5 , 23.B . 1 . 77 . 20.80 . 20.87 

Carbazotic acid 1 . 352 . 7C.0 .70.2 . 1 . 252 . 66.85 . C6.(i3 

Water ... 5 . 45 . 12.55 . 12.60 

Dry .... 1 329 100.0 100.0 Ciyst. 1 374 100.00 100.00 

Carbazotati: op Magnesia forms very long indistinct needles^ of a 
clear yellow colour ; is very solubh^, and detonates violently. 

ruoTO-CARBAZOTATE OP ^Mercury is obtained in small yellow tri- 
angular crystals, by mixing boiling solutions of the carbazotate of potassa 
or soda, and proto-nitrate of mercury. It requires more than 1200 parts 
of water for its solution : for its perfect purification, it should be 1 eated 
with a solution of chloride of potassium, the insoluble portion ^separated 
whilst the liquid is hot, and the peculiar suit allowed to deposit as the 
temperature falls. When heated, it behaves like the salt of silver. It 

consists of Liebig 

Protoxide of mercury . . I « . 2)0 . . 45.40 . . 45.09 

Qu'bazotic acid 1 . . 252 . . 54.54 . . 54.9) 

1 402 100.00 100.00 

Carbazotate or Lead may be formed by decomposing a salt of lead 
by carbazotate of potassa or soda ; it is a yellow powder, but slightly 
soluble, and detonating by heat. 

Carbazotate of Copper is prepared by decomposing sulphate of 
copper by carbazotate of baryta; it crystallizes with difficulty, the crystals 
being of a fine green colour; it is deliquescent; when heated, it is dccom^ 
posed without explosion, and even without inflammation. 

Carbazotate of Silver. Carbazotic acid readily dissolves ozj^e ^ 
silver, wdien heatod with it and water; and the solution, graduady 
evaporated, yields starry groups of fine acicular crystals of the colour and 
lustre of gold ; the salt dissolves readily in w'ater; when heated to a certain 
degree, it does, not detonate, but flashes like gunpowder. 

IxNDiGOTic Acid. ’ 'When indigo is acted on by dilute nitric acid, a 
peculiar acid, which appears perfectly distinct from the above, was obtained 
by Chevreul, and has been examined more in detail by Dr. Bufl; It has 
been termed Indigotic acid. 

To obtain it, nitric acid, of sp. grav. 1.285, was diluted with rather 
more than its weight of water, heated in a retort, and small portions of 
indigo in fine powder added as long as sensible effervescence was prn^ 
duced ; a little water was added from time to time, to prevent the format 
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of cailNizotic acid. The yellow liquid was separated, whilst hot, 
the resinous matter, and by cooling dt*posited crystals of this acid of 
indigo. These w'ere boiled with oxide of lead, filtered, and the salt produced 
decomposed by sulphuric acid whilst hot ; on cooling, the liquor deposited 
the acid of indigo in yellowish- white crystids ; these were separated, dis- 
solyed in hot water, neutralized by carbonate of baryta, the solution 
concentrated, and allowed to cool ; yellow ucicular crystals of a barytic 
salt were obtained, which, being w'ashed with cold w’ater, dissolred in 
hot water, and decomposed by acids, gave acicular crystals of this acid of 
indigo, white as siiow; they were colleeted, and washed upon a filter, and 
shrank into a small space when dry, losing almost endrely their crystal- 
line aspect. 

In^gotic acid is white, having the lustre of silk ; it has a weak, acid, 
bitter taste, reddens litmus, dissolves in any qumitity in boiling water or 
alcohol, forming colourless solutions, but requires 1000 parts of cold W'atcr 
for its solution. It is volatile, .and, being heated in a tube, fuses and 
sublimes without decomposition. When the fused acid is cooled, it 
crystallizes in six-sided plates. In the air it bums with a bright flame, 
evolving much smoke. Nitric acid changes it into carbazotic acid. 
Neither chlorine, nor solution of chlorine, has any effect upon it. It 
gives a blood-red colour to solutions of the persalts of iron. 

When decomposed by heat and oxide of copper, it yields nitrogen and 
carbonic acid ; the proportions of these gases in volume being 1 and 15. 
These are exactly the same proportions which, according to Mr. Crum 
and Dr. Buff, are given by pure indigo itself : so that the nitrogen and 
carbon are probably in the same relation both in indigo and the acid of 
indigo. Dumas also states that the vidigolic acid may be regarded as 
an oxide of indigo, but different authorities differ as to its equivalent. 
According to Buff, the neutral indigotate of lead consists of 37-38 oxide 
of lead -f 62.62 indigotic acid, and accordingly the equivalent 180 may be 
assumed as that of indigotic acid, and it may be regarded as containing 


Nitrogen . 

1 

. . 14 

. . 7.75 

HiifT. 

7-588 

Duidm. 

. - 7-73 

Carbon . . 

. 15 

.. 90 

. . 50.00 

. . 49.575 

. . 48.23 

Hydrogen . 

4 

4 

2.25 

. , 

2.7G 

Oxygen 

9 

.. 72 

40.00 

. . 42.837 

. . 41.28 


.t 

m 

100.00 

100.000 

100.00 


Ikdiootate of Ammoi^ia foms yellow, transparent, acicular prisms, 
much resembling the carbazotate of potassa, partly volatile without de- 
composition, and easily soluble in water. 

Indigotate of Potassa. Orange-coloured, silky, opaque, clustered 
needles, anhydrous, and very soluble. 

Indigotate of 8oda. Yellow, and very soluble. 

Indigotate of Baryta. When carbonate of baryta is boiled in a 
solution of indigotic acid, and filtered, a yellow bitter solution is obtained, 
which yields yellow anhydrous fibrous crystals, composed of (B + 1 ^ 

Ammonift added to this solution throws donn a yellow powder, 

conristing of (5 B+a 

Indigotate of Lime, of Stuontia, and of Magnesia, ore yellow and 
soluble salts. 
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iNDiaoTATE OF Lead is throwo down in the form of a bulky pale- 
yellow precipitate, when a* solution of indigotate of potassa is gradually 
added to excess of a hot solution of nitrate of lead. When washed with 
cold water, and dried at 212^, it forms a pale-yellow crystalline mass, 
ntther more soluble in cold water than indigotic acid, and easily soluble 
in hot water. When digested in ammonia it becomes a yellow insoluble 
subsalt. These indigotates of lead consist of 

Buff. Buff. 

Oxide of lead 1 . 112 . 38.3 . 37.38 . 2 . 224 . 69.6 . 68.14 

Indigotic acid 1 . 180 . 61.7 . 62.62 . 1 . 180 . 44.5 . 43.86 

Neutral . . 1 292 100.0 100.00 Subsalt 1 404 100.0 100.00 

Indigotate of Iron. Indigotic acid dissolves hydrated peroxide of 
iron, and forms a salt which may be obtained in dark-red, or nearly black 
crystals, slowly soluble in cold water, llie solution is dark-red. 

Indigotate of Copper. Oxide of copper is soluble in indigotic acid. 
The salt separates from its solution in boiling water, in the form of a 
green flocculcnt precipitate. 

Indigotate of Mercury. Indigotate of potassa produces a pale- 
yellow precipitate in protonitratc of mercury, which is insoluble in cold, 
and sparingly soluble in boiling water. From Buff's analysis it appears 
to be a scsquisalt = (IIg •+■ iud*.) 

Indigotate of Silver. Solution of indigotic acid readily dissolves 
oxide of silver: the solution blackens when long boiled. (Chevreul.) 
Neither indigotic atud, nor indigotate of pohissa, produce any precipitate 
in nitrate of silver. Indigotate of silver forms pale-red acicular cryst^, 
difficultly soluble in cold water. (Buff.) 

§. XL Fixed or Fat Oils. Wax. 

The proximate principles that >ve arc now about to examine, are those 
in which hydrogen predominates (p. 891), and which arc characterised 
by the readiness with which they bum with flame : they are ternary com- 
pounds of carbon, hydrogen, and oxygen, and are applicable to numerous 
useful purposes. 

Fixed Oils are generally obtained by pressure from certain seeds, 
such as the almond, linseed, and many others, and from the olive. The 
specific gravity of the fixed oils is below that of %vater, varying from 0.918 
to 0.936. They are viscid or unctuous, and insipid, or nearly so ; they 
generally congeal at a temperature not so low as that required to freeze 
water, though a few remain liquid at very low temperatures. This is the 
case with linseed oil. A few of them are solid at the ordinary temperatures, 
and have been called vegetable butters. They are insoluble in water, but 
by the aid of mucilage may be diffused through it, forming emulsions. 

If oil, which has been congealed by cold, be submitted to pressure 
between folds of bibulous paper, a dry, concrete, fatty matter is obtained, 
which Chevreul has called Stearine*^ (from tallotv^ the paper 
absorbs a fluid matter^ which docs not congeal at a much lower tempo- 

* According to Lecanu (Ann, de Chim. \ table oils differs from that of MiimAl 
et Phys.y Iv., 192), the stearine of vege- 1 fats, and is analogous to matgwin/s. 



rabire, and wUch, thoogli it does not become rancid, acquires viscidity 
by exposure to air. This fluid part he has called Elaine or O/e/a, (fruui 
Of/.) The relative proportions of these principles differ in the 
different oils. {Ann. de C/rim., tom. xciii. xciv.) See Animal Oils. 

The greater number of the fixed oils undergo little other change hy 
exposure to air than that of becoming somewhat more viscid, and 
acquiring a d^ree of rancidity. In this state they contain free acid, and 
redden vegetable blues. Some few, such as linseed and iiut oil, and the 
oils of the poppy and hempseed, become covered with a pellicle, and, 
when thinly spread upon a surface, instead of remaining greasy, become 
hard iind resinous; these are termed drying oils^ and their drying 
quality is much improved by boiling them upon a small quantity of 
litharge. The quantity of oxygen absorbed by some of the oils is very 
considerable. ISaussure exposed nut oil, for eight months, to oxygen gas ; 
at first the absorption was trifling, but in the course of ten days it had 
taken up 60 times its volume, and in tliree months 145 times its volume, 
the absorption being most rapid in wtinn w'cather. It is well known 
that cotton and hemp, soiled with certain oils, are liable to spontaneous 
ignition ; and Berzelius plaxisibly refers the phenomenon to the heat 
excited by the absorption of oxygen. No water was produced in Saus- 
sure*s experiments, but carbonic acid was evolved, and the oil lost its 
greasy character auid assumed a gelatinous appearance. (See some 
observations on the spontaneous combustion of cotton goods, by Dr. M. 
Hall, Quarterly Journal^ 0. S.^ v., 367*) 

These oils cannot be volatilized without decomposition, which takes 
place at a temperature of about 600% and water is copiously formed, 
attended by the separation of carbonacecnis matter, which causes the oil 
to blacken and grow thick ; a portion of acetic iicid is also at the same 
time formed. If the vapour be colhseted, it is found acrid, sour, and 
empyreumatic ; it was formerly employed in pharmacy, under the name 
of philoso]}hers oil ; and as it was often obtained by steeping a brick in 
oil, and submitting it to distillation, it was also called oil of bricks. 
Passed through a red-hot tube, the fixed oils furnish a very large 
proportion of carburetted hydrogen gas ; and when burned in the wicks 
of lamps they suffer a similar decomposition, and water and carl>oiiic 
itcid are the products of their combustion. The results of the distillation 
of the fixed oils have been examined by Dupuy, and by Bussy and 
Lecanu. Tlie former subjected olive oil to its boiling-point in a distil- 
latory apparatus ; white vapours passed over, which condensed into a 
liquid that became concrete on cooling; a fluid empyreumatic oil was also 
fonned; and there remained a scanty portion of charcoal in the retort. 
The concrete portion was a mixture of oleic and margaric acids with a 
peculiar acrid, volatile principle ; sebacic acid, and another acid matter, 
were also fonned. 

Bussy and Lecanu {Ann. de Chim. el Phys.^ xxxi., xxxiii., and 
xxxiv.) distilled poppy oil at a temperature a little below 400^; it 

exhsded an acrid odour, and yielded about one-third its weight of an oil 

which concreted on cooling, (a mixture chiefly of margaric, oleic, and 
benzoic acids.) This was succeeded by a liquid oil, which became 
turbid on exposure to air, was little soluble in alcohol, and not acted 
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upoh by the alkalis. Lastly, when the retort became red-hut, a solid of 
thtf colour of realgar sublimed, which was without smell or taste, fusible 
in boiling water, and soluble in boiling alcohol and cold ether. Carbu- 
retted hydrogen, carbonic oxide, and carbonic acid, were also produced. 

Clilorine effects a singular change in some of the fixed oils, converting 
them into a substance resembling hard tallow or wax. This is especially 
the case with castor oil. Muriatic acid is at the same time formed. 
Sulphur and phosphorus are 8olubh3 in the fixed oils ; and with the 
former, linseed oil forms a brown fetid solution, known in Pharmacy as 
balsam sulphur. 

The stronger acids modify and decompose the fixed oils, and various 
products are the result, especially the stearic, margaric, and oleic acids, 
to which we shall afterwards advert. When olive oil is carefully mixed 
with sulphuric acid, so as to avoid the heating of the mixture, a thick 
brown compound is formed, from which water separates the oil in an 
altered state, and retains in solution a peculiar compound (of hyposul- 
phuric acid and organic matter ?), which Chevreul has termed sulpJio- 
adipic acid. When heat is applied to the mixture of sulphuric acid and 
oil, it blackens, sulphurous acid is evolved, and a coaly residue containing 
artificial tannin remains. (Hatchett.) Concentrated nitric acid produces 
very complicated changes upon these oils, and sometimes the mutual 
action is so eneigetic, that the mixture inflames : by long boiling wdth 
dilute nitric acid, malic and oxalic acids are ultimately, but slowly, 
produced. 

The fixed alkalis exert a remarkable action upon these oils, which 
terminates in the formation of soap^ and a similar change is effected, 
though more slowly, by ammonia : these combinations wx shall presently 
revert to. There are many other metallic oxides which appear to act 
more or less upon the oils in the manner of the alkalis. Sulphuret of 
carbon, some of the hydrocarbons, and a few of the metallic chlorides 
also dissolve in the fixed oils ; there arc, ho>vcver, but few^ of the salts 
which arc soluble in them to any extent. 

The ultimate composition of the fixed oils has been accurately ascer- 
tained, but there are two difficulties in the w'ay of determining their 
equivalents : the one is, that their absolute purity is difficultly ensured, 
and the other, that they do not combine with bases >vithout undeigoing 
change. The following arc a few of the results of these analyses : 



Oliee Oil, 

Lintwi OH. 

Castor Oil. 

Sfearin 

sfOUeeOU. 
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Gny Lussac and 

Saussure. 

Ure. 

Saussure. 

Saussure. 

Carbon . 

Theuard. 

. . 77.213 , 

. 70014 . 

. 74.00 . 

. 82.17 . 

. 70.03 

Hydrogen 

. . 13.3ri0 . 

. 11.351 . 

. 10.29 . 

. 11.23 . 

. 11.54 

Oxygen . 

. . 9.427 . 

. 12.035 . 

. 15.71 . 

. .0.30 . 

. 12.07 

* 

100.000 

100.000 

100.00 

99.70 

99.91 


Saussure ascribes the loss in his analyses to nitrogen : he infisrs also^ 
from the comparatiro analysis of stearin and dain) and from other 
results which I shall afterwards quote, that those oils which are most 
easily solidified, are those which contain the least oxygen, and that they 
are also the least soluble in alcohol. 



IQie fixed oik are extremely numerous, and many of them haTe been 
examined and described : the following are a few details respecting their 
principal Turieties, abridged chiefly from L. Gmeliu and Berzelius. 

1. Dbyino Oils. Linseed Oil is expressed from the seeds of com- 
mon flax {Linum usitaiissimum.) Cold-drawn, it is greenish-yellow juid 
more viscid than when hot-drawn. Its specific gravity varies between 
0.928 and 0.932. It dissolves in 5 parts of boiling iilcohol, 40 of cold, and 
1.6 of ether. A prepanition of linseed oil, called drying oil or painters* 
varnish j is made by mixing a quart of tbe oil witli about half an ounce 
of powdered lithaige, and a quarter of an ounce of white vitriol, in a 
glazed pipkin, mid heating it over a gentle lire so as to keep it for 4 or 
5 hours simmering; the lower the heat, and the longer it is» craitinued, 
the better is the varnish. In this process, the greater par! of the oxide 
of lead is reduced. This, and other drying oils, mid especially nut oil, 
form the basis of printers' ink, the history of wbieli will be found in 
Lewis’s Phil, Commerce of the Arts, The oil is heated and set fire to, 
and, after having been suflered to burn for half an hour, is extinguished, 
and boiled till it acquires a due consistency ; in this state it is called 
Varnish, and is viscid, tenacious, and easily miscible with fresh oil, or 
w'itli oil of turpentine, by which it is properly thinned, mid afterwards 
mixed with about one-eighth part of lamp-black. 

For white paint and light colours, unboiled linseed oil is used : it 
dries slowly, but docs not injure the colour. There is a mixture of 
drying oil mid mastic varnish, known to artists by the term wagilp, of a 
gelatinous consistence, and an excellent vebicU^ for colours. 

Walklt Oil, expressed from the seeds of the walnut-tree, {Juglans 
regiVi,) has a specific gravity of about .920 at GO® ; it is inodorous, aud 
as it dries better than linseed oil, is sometimes preferred by painters. 

Hemp Oil, from hempsced, {Cannabis saliva^ has an unpleasant 
odour, dissolves in all proportions of boiling absolute alcohol, but requires 
30 parts of cold alcohol. It is much used in some parts of the North of 
Europe to bum, and for paints. 

Poppy Oil expressed from poppy-seed, {Papaver sonmiferutn,) is 
bland and insipid. Its specific gravity = .924. It dissolves in 25 of 
cold and 6 of boiling alcohol, and is used in some parts of Germany and 
France as a substitute for olive oil. 

Castor Oil is the produce of the seeds of the Ricinus communis. It 
is pale-yellow: its specific gravity at 55® is .969, at = .957, nt 212® 
= .908. (Baussure.) It has a slightly nauseous odour and taste : it differs, 
however, much in these respects, and that which is at present used in 
medicine, and which is cold-drawn by pressure, is less acrid and purga- 
tive than the West India castor oil, formerly preferred for medical use, 
and which was often pressed with heat, or even boiled out of the seeds 
It congeals at about 0®. Exposed to air it gradually becongics rancid, 
thick, and at length congeals. It dissolves (in all proportions?) in abso- 
lute alcohol and in ether, by which foreign substances arc occasionally 
sejiarated from it. The products of the distillation of this oil have been 

* Gntbourt ascribes the medteinai ac- heat, and considers the purgative power 
tivity of castor oil to a pMuliar volatile of the cold-drawn oil to exceed that of 
principle, which he says is expelled by the oil obtained by aid of heat. 
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examined by Bussy and Lecanu {Journal de Pharm,^ xiii., 68); they 
obtained from them a peculiar acid {ricinic acid)^ forming with magnesia 
and oxide of lead, salts soluble in alcohol, and resembling one of its 
products of saponification. 

Croton Oil. Tliis, which is the expressed oil of the seeds of the 
Crolon tiglium^ is used in medicine as a drastic purge. It has a brown 
or yellow colour, an acrid taste, and is operative in doses not exceeding a 
single drop: the oil, however, as met with in commerce, varies much in 
activity. When the seeds are digested in ether we obtain, according to 
Nimmo, 60 per cent, of their weight of oil, of which two-thirds are soluble 
in alcohol and purgative ; one-third is bland and inert. The acrid prin- 
ciple of the croton-seed appears to be acid, and has been termed, by Pel- 
letier and Caventou, latrophic Acid^ from erroneously supposing the 
seeds to be the produce of the latropha curcas, Brandes has since 
examined the acid, and calls it Croionic Acid, 

2. Greasy Oils. Almond Oil is expressed from sweet and bitter 
almonds: it is pale-yellow, and becomes colourless when long exposed to 
light: it soon grows rancid, especially if in contact of oxygen. Its specific 
gravity at 60® is .91 to .92. When cooled down to 15° it yields 0.24 
inargarin, and 0.76 elain: the latter does not congeal at 0°. Almond oil is 
soluble in 25 parts of cold and 6 of boiling alcohol: it readily dissolves in 
ether. 

Olive Oil is extracted from the fleshy part of the olive (the fruit of 
the Olea europtva). It is pale-yellow, and its specific gravity is about 
.910 at 60°. When cooled down to 0° and expressed, it yields about 0.28 
margarin, and 0.72 elain: it often deposits margarin at common tempera- 
tures, a portion of which is gencmlly found at the bottom of the jars and 
casks in which it is kept. The quality of this oil is very various: the best 
is obtained by gentle pressure without heat; that which is procured by the 
aid of heat, and of a greater degree of pressure, is called second oil; and 
a very inferior kind is ultimately extracted by boiling the expressed cakes 
in water. Fine olive oil is extremely bland and tasteless, or at least has 
only a slight nutty flavour: the commoner kinds, (that, for instance, called 
Gallipoli ofV,) are disagreeable both in smell and taste. Olive oil is some- 
times adulterated with the cheaper expressed oils, especially with rape 
and poppy oil. 

If pernitmte of mercury, made by dissolving 6 parts of mercury in 
7*5 parts of nitric acid of specific gravity 1.36, at common temperature, 
be mixed with olive oil, in the course of a few hours, the mixture, if 
kept cold, becomes solid ; but if mixed with the oil of grains, it does not 
solidify. Poutet {Ann, de Chun, ei Phys,^ xii., 58} has, therefore, pro- 
posed this as a test of the purity of olive oil ; for the resulting mixture, 
after standing twelve hours, is more or less solid, as the oil is more or less 
pure. The nature of the compound formed by olive oil and the nitrate 
of mercury, has been examined by M. F. l^udet {Ann, de Chim, ei 
Phys,^ L., 391). I shall afterwards revert to it. 

Rousseau states that olive oil is the worst conductor of electricity of 
all the fat oils, and suggests a mode of applying this test to the detection 
of its adulterations. 

Of all the oils, that of olives is least apt to become viscid and glutinous, 
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and hence is preferred for gresising delicate machinery, as especially watch 
and clock-work. For this purpose the elain may perhaps be preferable to 
the entire oil. Watchmakers are in the habit of preparing tlie oil for this 
purpose, by keeping a piece of sheet-lead, or some shot in it, and exposing 
it in a corked bottle to light. A white matter is gradually deposited, and 
the oil ultimately becomes clear and colourle^, and no -longer affected by 
the metal: this subject has not been scientifically investigated. 

Beech-nut Oil. The decorticated nuts of the beech^ree (beech-mast) 
yield about 15 per cent, of oil resembling olive oil, and a larger quantity 
when aided by heat ; the remaining cake is a better food for cattle tlian 
common oil-c^e. 

Oil of Ben is procured by expression from the decorticated seeds of 
the Guilandia moringa^ a tree which grows in Ceylon, Ethiopia, Egypt, 
and Arabia. The oil is perfectly inodorous, and docs not readily grow 
rancid, hence its excellence for the preparation of certain scented oilsy 
such as those of the jasmine, tuberose, &e, 

Rape Oil is expressed from the seeds of the Brasslca napus^ and 
rapa. Its specific gravity at 60° is .012. This, and some other of the 
fat oils, contains a principle in solution, which interferes with its com- 
bustibility, and which may be abstracted by agitating the oil with about 
2 per cent, of sulphuric acid, and afterwards washing it with 2 or 3 parts 
of W’ater, with which it is left for two or three weeks, at a temperature 
between and 30'; it gradually forms a deposit, from which it is 
drawn off, and filtered, and is then fit for burning in lamps. Colsa or 
cole-seed oil is a better kind of rape oil, extracted from the Brassica 
campestrisy var. oleijera. 

Mustard-seed Oil is expressed from the seed of the Sinapis alia 
and nigra: the bruised seed yields about one-fifth its weight of a mild, 
inodorous, thick, amber-coloured oil: specific gravity .915 at 60°, soluble 
in 1000 parts of alcohol (specific gravity .833), and in 4 of ether. Alcohol 
extracts from it a peculiar acid (the sulphosinapic*)^ and a crystullizablc 
fatty matter, which is not saponifiable. 


* StUphannafnc add was found by Henry 
and Garot {Jour, de Chim. Med, 1.) in 
mustard, radish, and tumip«eed, and 
in the root of the horse-radish. 3 parts 
of expr^sed mustard oil and 4 of strong 
alcohol were mixed and often shaken to- 
gether. After 3 days the yellow alcohol 
was poured off, and two-thurds abstracted 
by distillation: on cooling, the residue 
depofdted the fatty matter above-men- 
tioned, and the remaining liquid was 
decanted off, and left to spontaneous 
evaporation : it now deposited a graiiultf 
mass, which by continuous digestion in 
ether, yields to that solvent a red fat, 
and the remaining matter (insoluble in 
ether) was dissolved in water, and left 
to spontaneous ova{K>ratioii : scattered 
crystals were thus obtained, of a yellow 
colour, bitter pungent taste^ and sul- 
phurous odour. The composition of these 


crystals of Sulphotinapic add is remark- 
able, as esseiitially including five ele- 
mentary substances, namely, 


Sulphur . . 

. I7.:i3 

Carbon . . 

. 40.50 

Hydrogen 

. ».30 

Oxygen . . 

. 11.01 

Mtrogen . • 

. 12.00 


100.00 


Berselias has thrown out the sugges- 
tion that this acid may bo a compound 
of hyposulphurous aidd, and an organic 
base. The Suiphosinapaten of the alka- 
line bases are crystallizable, but the 
equivalent of the acid has not been sa- 
tisfactorily determined. It yields preci- 
pitates in the solutions of acetate of lead, 
pirototiitrate of mOrcury, nitrate of silver, 
and sulpliaie of copper. 
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3 . Concrete Oils. Vegetable Butters. The principal oils of this 
class are the following. 

Cocoa-nut Oil, pressed, or hoiled, out of the nut of the Theobroma 
cacao. When washed it is white, of a peculiar odour, and of the consist- 
ence of tallow: its specific gravity =z .910. It fuses at about 125^. Its 
elain is used as filamp oily and its stearin or margarin for the manufacture 
candles. 

Palm Oil. Many of the palms produce a hard nut, like the date- 
stone, hut abounding in oil: of these the principal are the Cocus hutyracea 
and TAms guineensis. lliese oils are used for soap, candles, &c., and the 
stearine and elain employed as the preceding. 

Nutmeg Oil is the expressed oil of the common nutmeg; it is yellow, 
and smells of the essential oil. It is largely prepared in Holland, and 
occasionally used in medicine. According to Schrader, 1 G ounces of the 
concrete expressed oil of nutmeg contain 7 of hard concrete oil, 8^ yellow 
butjraccous oil, and % volatile oil. Cold alcohol dissolves the volatile 
.and the soft oil, and leaves the harder oil. When nutmeg oil is boiled 
in four parts of alcohol, it is entirely dissolved, and the harder fatty por- 
tion is deposited as the solution cools. Marrow, or common fat, scented 
by a little oil .'iiid powder of nutmeg, and coloured by annotto, is some- 
times substituted for this oil : the fraud is detected by the insolubility of 
this artificial mixture in 4 parts of boiling alcoliol. (BoUaert, Quarterly 
Journaly xviii., .317*) 

Wax. This principle exists in many plants; it may be obtained by 
bruising and boiling them in water: the ^vax* separates .and concretes on 
cooling. The berries of the Myrica ceriferay and the leaves and stem of 
the Cerojcylotty afford considcrj»ble quantities of wax by this process. 
(Bostock, Nicholsons Journaly vol. iv., Brande, Phil. Trans.y 1811.) 
The glossy varnish upon the upper surface of the leaves of many trees is 
of a similar nature; tmd though there are shades of difference, these 
v.arieties of wax possess the essential properties of that formed by the bee ; 
indeed, it was formerly supposed that bees merely collected the wax 
alrc.ady formed by the vegetalde, but Hubers experiments show that the 
insect lias the power of transmuting i^ugar into wax, and that it is in fact 
a secretion. 

Bees'-w^ax. White wax, or bleached bees'- wax* is colourless and 
insipid ; its specific gravity is about .96 : it is insoluble in w.ater, and 
fusible .at a temperature of about 150®; at a higher temperature it is 
converted into vapour, and may be distilled with little other change than 
the production of a small portion of stearic acid, .and at a red-heat it 
burns in the contact of air with a bright flame. It is sparingly soluble in 
boiling alcohol and ether, and is deposited as the solutions cool. Twenty 
parts of boiling alcohol dissolve about one of bces*-wax, of which not 
more than one-fifth is retained at the temperature of 60®, and this is thrown 
down by the addition of water. Cold ether appears without action on 
wax, but boiling ether takes up about one-tenth of its weight, and 
deposits nearly ^e whole on cooling. The fixed ^Is, when assisted by 

* The bleaching of bees*-wax is e£- be whitened by chlorine, but wax So 
fcctcd by exposing it in tliin ribands bleached never bums well ; it amom of, 
upon tho bleoching-ground. It may and appears to contain, chlorine. 
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heat, readily dissolve it, and form compound of variable consistency, 
which is the basis of cerates and ointments^ Some of the volatile oils also 
dissolve wax, when aided by heat. It combines with the fixed alkalis, 
forming imperfect soapy compounds of vejry difiicult solubility, and from 
which the acids separate the wax in an unaltered state. The acids, at 
common temperatures, scarcely act upon wax ; hence the advantage of 
^ wajc4ute for the retention of corrosive vapours. At &e fusing-point of 
wax it combines with sulphuric acid^ and the solution congeals on cooling. 
Muriatic acid has no action upon it^ nitric acid, after H^ng boiling, very 
slowly converts a portion ofHt into oxalic acid. , 

Myricin. When myrtle* wax is digested in boiling alcohol, it affords, 
according to Dr. John, a soluble and iu^luble piftion ; he has called the 
former cerin^ the latter m^ricin, Cerin is insoluble in water and in cold 
alcohol and ether, but dissolves in those liquids when heated. Myricin 
is insoluble, under aU circumstances, in alcohol and ether. / 

Cerine. This term has been applied by^Chevrcul to a principle 
resembling wax, which he separated froix^^pork ; it is less fusible than 
wax, more soluble in alcohol, and partly couverfed into oxalic acid, by 
the action of nitric acid. 

Bees -max has been analyzed b}" Gay-Lussac and by Dr. Ure, with the 
following results:— • 



Gay Luss*e. 

Trif. 

Carbon • . . 

. . . 81.784 . . . 

. . . 80.60 

Hydrogen • • . 

. . . 12.672 . . . 

. . . n.47 

Oxygen . . . 

, . . 5.544 . . . 

. . . 7.08 


100.00 

100.00 


According to Oppermann, puse vegetable- wax diflers slightly from bees - 
wrax, in the ratio of its elements. 

§ XII. Soaps. ^Saponic, or AiSpose Acids. 

Process op Saponification. When the fat oils are digested with caustic 
alkali, a compound lesults, long and well known under the name 
of soap; with tl^:eal nature however of this compound we were not 
acquainted, till W subject was investigated by ChevreuU who, in the 
masterly researches already quoted (see also Bechei^ckte^l^l^iques sur 
les Corps gras. Paris 1823,) demonstrated tlie nature of the changes 
which the oils undergo, and discovered a number of now acid substances 
into which they are converted. These experiments have principally 
reference to animal oUs^ and the genend^j|pN:oiint of them ought strictly 
to be referred to the chemical history of animal pr<Klucts: but the 
vegetable oils and fats are in many of their properties identified 
with, and in all so closely analogous to the corresponding products 
of animats, that 1 shall give an abstract of the whole subject in this 
place 

The various kinds^of soaps differ chiefly in the oil or fat used in 
their manufiicturc,’ fo*the alkali which is employcMl i% for hardk^soaps^ 
almost invariably sSia; by the mutual action of the oil and alkali the 
ste^c and elaic components of the former are converted into one or more 
acids, which combine with the soda, so that in this respect, soaps may 
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be correctly spoken of, as a class salts^ deriving their peculiarities 
almost exclusively from the^c«((r which they contain. The soap of olive 
oil and soda may be taken as *a specimen of this article: it is made aa 
follows. Five parts of barilla, or an equivalent proportioa^of other 
carboimte of soda, ara mixed with one of lime, and a properlquantity of 
water. In this way a Icy^ or solution of caustic soda, ia obtained, 
which is boiled in* an iron pot with six parts of the oil, till the joap 
separates: this separation of the soap from tlie water, is acceferated by 
the addition of Common saltq it is then suffered more p^ectly to 
congeal, and^n a few days Incomes hard^enough to cut into forms. 
(Aikin's Dictionary — Art. Soai».) The best soaps are made with olive 
oil and soda; in this dlMlintry ailimal fat is usually employed for the 
common soaps, to which resin and other substances are occasionally 
added. Soft Soap is made with potassa and some of the common oils; 
even fish oil is often used, and hence peculiar compounds or salts result, 
as we shall presently find*. 

Tlic general properties 1 # soap are the following. It furnishes 
a milky solution with water. It dissolves in alcohol, and the solution, 
if concentrated, is of a gelatinous consistency, and by carefully distilling 
off the alcohol, a transparent soap is obtained. The acids, and the 
greater number of salts, decompose soap, forming, ia most cases, a 
compound of difficult solubility ; hence, hard waters arc unfit for 
washing, in consequence of containing sulphate of lime ; hence, also, 
the alcoMk solution of' soap is useful as a test for ascertiiining the fitness 
of water for this purpose, wMch, if it becomes very turbid, cannot in 
general be used for washing. 

When the above soap is decomposed b^' dilute sulphuric acid, sulpliate 
of soda is formed, but the oil is not separated in its former state, but has- 
acquired the nov properties are about to notice : there is also formed 
during the mhtual actiouiof oil and alkali, a compound discovered 
Sclieele, and Called by him the sweet principle : it has since been termed 
glycerine^ (from yXviu;?, sweet.) 

Glycekixe may be obtained by saturating tlie SSkaline mother*liquor, 
from which tlie soap has concreted, by dilute suiphmc acid, adding a 
little carbonate of baryta to remove any slight excess cPtlie acid, filtering, 
and evaponl^lf to the consistency of thin syrup, to which alcohol is then 
added, which dissolves the glycerine and leaves the alkaline sulphate. 
Glycerine i^ not crystallizablc ; it has a pure sweet flavour, and cannot be 
deprived of water without decomposition. When distilled, a portion" 
passes over unaltered, llcatc^^n the air it burns with a blue flame. It 
is very difficult of conversion inito oxalic acid by the action of nitric acid, 
and has very little tendency to fonnentation. 

When glycerine is obtained by evaporating its alcoholic solution in 
vacuo, it is in the state of hydrate. Dumas represents its ultimate 
coinponciits us follows +. 


♦ The fixed oils also fonn peculiar j cury and bismuth tliey produce very 
compounds with, or arc gaponijied^ hy j siiiiihu' combinations. 
hydrated oxide qf teady when aided by f (See Fr«niyj^ ^#m da Chim. Ixiii. SS. 
heat, forming the substance usually Vogel, Journal de Pharm, iv. 2(MI, and 
termed plaster; with the oxides of nier- Chcvreul, Recherehes.) 
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Carbon 

3 

13 

. a . 4S.7 

40.90 

Hydrogen « . 

8 

3 

8.1 

8.00 

Oxygen 

8 

Id 

4SsS 

0 0 42.80 


1 

'Ih 

100.0 

luo.oo 


And, as containing in the stale of hydrate 1 atom of vvstcr (37+9 
=46), or 

Anhydrous glycerine = ( 3 COT + 3 /I + S O.) 

Hydrated do. s: ( 3 CdT -f 4 A + 3 O. 

Haying thus stated the general results of saponification, T ^hall give 
an outline of the properties of tlie acid* generated hy the notion of the 
alkalis^ and of such other analogous bodies as ore inrludiHl by Dumas 
under the term Adipose acids, {Acides gras^ see Traitc de Ch, App, 
aus^ris, v. 239.) 

An^^osE Acii>s ; Sawinic Anns. Tliese substances, when stdid^ 
resemble fat, wax, or spennaceti ; when iitptidy they look like thin oils. 
They are mostly fusible at temperatures lHdow21‘2^; they are more or 
less volatile, colourless when pure, lighter than water, .soluble in alcohol and 
ether, and in the fixed and volatile oils. They contain much less oxygen 
than is requisite to convert their carbon and hydrogen into carbonic acid 
and water, and hence are eminently infiammahle. They arc little affected 
by air or by acids at common temperatures: heated with sulphuric or nitric 
acid they are deconiposeil : they redden litmus. Their equivalent is 
always a high number. Aided by beat they deiM>m]K>sc the carbonates. 

The greater number of these acids are not found m a separate state, 
but they appear to exist in oils and fiits in union with an organic base. 
They are divided by Dumas into, 1, lliose which arc insoluble in water, 
and which only admit of distillation in vacuo: 2. Those which arc soluble 
in water, and which may he distilled over with water in the ordinary way. 

I. Stkaric* Af ii». This acid is the most characteristic product of the 
saponification of suet, and other hard or not casily-fusihle fats. It is 
obtained by dwomposing stearate of potassa^ b^ dilute muriatic acid, ft 
melts at 158' and concretes into mass of shining crystals. Ikdling 
jinhydrous alcohol dissolves it in all proportions, and tlie solution yields 
nacreous crystals: it is soluble in its weight of ether: it is volatile in 
vacuo; it bums in the air like wax. It is s<dublc in cold sulphuric acid, 
and decomposed by it when lioated; it is not acted on by cold nitric acid, 
but the boiling acid dissolves and modifies it. This acid consists of* 


Carbon 

Hydrogen .... 33 
Oxygen 2^ 

Anhydroos stearic acid 1 




Divvntti) 

210 

. . 70.5.^ 

80.145 

33 

. . 12.88 

12.478 

20 

. . 7 r»7 . 

7..377 

2e’3 

100.00 

i«p.<NW 


The hydrated •le.arie acid consisU of I atom anhydrous acid and 1 of 
water (5MM + 9 =s 273), w 

Anhydrous stearic acid ( 35 CdT + 34 A + 3} 0.) 

Hydrated do. ( 35 car + 35 A + 3i 0.) 


•The atomie compaction of stearic ! 
M ghren by Dumas, is (T« ear + 7S A 
+ * 0 ), which would induce the e*|oi- 1 


valent 537, or dotjKle that in th* Uet, 
aasnming 33} imuoad of 34 atoms of 
hydrogen. 
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StBABATB OF Aboionia. Stearic a^id absorbs gaseous anunonia, and 
forms a white inodorous compoithd, cn an alkaline taste. It dissolyes 
in boiling water, and the 8oluti<m deposits nacreons eiystals of 
bisiearale. 

Stearate of Potassa is formed by boiling 1 part of stearic acid and 
1 of caustic potassa in 10 of water: it falls in white opaque grains, which 
may be purified by solution in 15 to 20 parts of boiling alcohol: it falls, 
as this solution cools, in brilliant scsJes. Stearate of potassa may also be 
obtained by treating the soap of potassa with alcohol. This soap is pre> 
pared by boiling 100 parts of mutton-suet and 25 of caustic potassa in 
100 of water, agitating the mixture till a homogenous compound is 
obtained: it is a mixture of stearate^ oleatty and margaraie of potassa: 
the two last are abstracted and retained by w^arm alcohol, w^hich deposits 
the stearate. It consists of 


Potassa . . . 

. 1 


48 

15.4 

Cbeviviil. 

15.29 

Stearic acid . . 

. I 

• • 

28;) 

84.6 

84.71 


1 


311 

100.0 

loaoo 


Bisteauate op I otassa. 1 part of the above soap is dissolved by 
heat in 0 of water, and tlicn 50 or 60 parts of Ci>ld water are added to 
the solution: a nacreous substance is deposited, composed of bistearate 
and bimargarate of potassa: this is dissolved in 20 to 24 parts of boiling 
alcohol ('specific gravity 0.62), and during cooling, cr}^stal8 are deposited, 
which, when dissolve<l in alcohol a second time, and again cr}^stallized, 
are 6i stearate of potassa. It forms soft silvery scales, infusible at 212°* 
insoluble in cold water, but resolved by boiling w'ater into potassa and 
(pi adrist carat €. It is soluble in boiling alcohol, 100 parts of which 
take up 27 of bistcaratc of potassa, but only retain 0.36 at The 

crystallized bistearatc of potassa consists of 


Potassa . . 

. . 

48 


8.2 

('licvreiil, 

8.075 

Stoaric acid . 

. 2 

. 526. 

, , 

90.3 

9.075 

Water . . 

. 1 

9 

. , 

1.5 

1.850 


T 



100.0 

100.000 


Stearate of Soda. The action of soila on stearic acid resembles that 
of |M>tissa; and a stearate and bistca^te, corresponding in composition 
with the above, are produced, but tliey ore less soluble than the salts of 
potassa. 

Stearate of Lime is a white, fusible, tasteless powder, thrown down 
when a boiling solution of neutral stearate of potassa is added to a solu- 
tion of chloride of calcium. It consists of 

Chevrttul. 

Lime a • • • I • • 28 . • 8.7 • • 9.98 

Stearic add . • 1 . . . 283 . . 90.3 . . 90.04 

I 391 100.0 100.00 " 

Straratb op Baryta is fomed by mixing hot solution of steainte of 
potaaaa with nitmte of haiyta: it is a white, fusible, innpid powder, tt 
contains 

3u 
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MAROARIC ACID. 





Chtfvroiil. 

Baryta .... 

1 . . 77 

22.5 

22.31 

Stearic acid . . 

1 . . 2C3 

77.5 . . 

77M 


1 340* 

lOO.O 

100.00 

Stearate of Lead 

is white, fusible, 

and insoluble in 

water: it is 

fonned by the action of 

a boiling solution of stearate of potassa on nitrate 

of lead. It consists of 



Chevroul: 

Oxide of lead . . 

1 . . 112 

29.79 

29.5 

Stearic acid . . . 

1 . . 2(i3 

70.21 

70.5 


1 

100.00 

100.0 


Stearoxe. When stearic aciil is distilled with a fourth-part of 
quicklime, a substance is obtained sparingly soluble in ether and alcohol, 
concrete at common temperatures, but fusible at about (Bussy, 

Jour, de Pkar,^ xix., 643.) It consists of 


Carbon . . 

. 68 

, , 

408 

. . 93.4 

Hydrogen . 

. (^2 

. . 

62 

12.9 

Oxygen . . 

1 

• • 

8 

478 

1.7 

100.0 


»Stf-arine. The origin of this term and the substance to whicrh it is 
applied, derived from olive-oil, have been already noticed. Tlie purest form 
of Sleariuc is procured by digesting purified mutton suet in cold ether, 
as long as it dissolves any part of it : the residue, dried by pressure 
between folds of blotting-paper, is of a crj’stalline texture, semitransparent, 
friable, and fusible at aliout 1 1(P. It is not soluble in cold alcohol, 
hence, when dissolved in boiling alcohol, it is deposited on cooling. It 
is only very sparingly soluble in cold ether; more so in !>oiling ether. 
A hot and concentrated solution of caustic potassa dissolves and ssipo- 
nifies it, forming a compound soluble in cold alcohol, and in water: this 
solution, decomposed by diluted muriatic acid, yields a prccipitati* <d’ 
pure stearic acid, and glycerine is. found in the residuary mother-liquor. 
100 parts of stcarinc yield 96.8 stearic acid and 8 glycerine. Stciirine is 
a compound of 


Dtimat 


Carbon . . 

. 73 

4.38 

78.02 

Hydrogen . 

. m 

6*) 

12.20 

Oxygen . . 

. 7 

. 56 

9.78 



563 

100.00 


and these numbers arc efjuiralent to 1 atom of anhjrdrous xfearir aciil 
+ 1 o( faibyitouB glycerine ; or 

Stearic acid s= (70 COT + 66 A + S O) 

Gljcerine =r ( 3 cat + 3 A + 2 O) 

Stearine = (73 COT + 69 A + 70) 

So that upon thU yiew gteatine is a flearate of glycerine; the glycerine 

l>eing the organic liase. 

II. Maroaric Acij>, so named from its pearly lustre {jAMfyupm^ a 
Vtarl,) bears a striking resemblance to stearic arid. It is obtained by 
decomporing the margarale ofpoiatea, or margarate of lead, by hot and 
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vory dilute muriatic acid : it fuses at 140', and in respect to fusilality 
and solubility, is intenn<;diate between stearic and oleic acids. Ff is 
composed, in its anhtfdrous state, of 





Chf'vrful. 


jCarbon . . 

. 35 

210 

76.0.53 


Hydrogen . 

. 33 

33 

12.010 

12.59 

Oxygon . . 

. 3 

24 

8.937 

9.03 


1 

267 

100.000 

100.00 


I have adopted the atomic composition suggested by Berzelius*, 
because it refers to the purest form of margaric acid, and represents it as 
an oxide of the .same base (or hydroc'arbon,) as the stearic acid. This 
view was originally adopted by Chevrcul, wlio then applied to it the 
name of margarous acid. 

Makoarate of Ammonia is formed as the corresponding stearate. 

Maroarate op Potassa. Tins salt may be obtained from the soap 
of olive-oil^ from which alcohol, very moderately luxated (at 70 or 8()' ), 
abstracts the olcafe^ and leaves the margaratc of iMtassa. (See Marga- 
n/ic.) Chevreul procured it from human, and from goose fat, .saponified 
by pota.ssa. It is softer, more fusible, and more soluble in alcohol than 
the stearate of potassa. It consists of 

CIk'vi-cuI. 

Potassa .... 1 . . 4« . . 15 

Margsirio acid . . 1 . . 2#>7 • • ^ 

1 315 100 

Bimauoarate op Pot^vssa mtiy be olitainod as the hislcaratc; it 
crystallizes with 1 atom of water. Its hot aqueous solution, when de- 
composcil by dilute muriatic acid, yields a precipitate of margaric acid. 

Maiujauate of Soda closely resembles the s;ilt of |>oUt$sa. Th<‘ 
neutral margaratc is soluble in 10 parts of water, at 17 »>^. 

jVIaroarate of Lead. With oxide ot lead, tlie margaric acid forms 
a neutral, a ba.sio, and an acid salt. A mixture of margarate and tdoate 
of lead (jis obtained by double decomposition, from a sojip of olive-oil) 
maybe separated by cold ether, >vhich leaves tlie margarato. but dissolves 
the olcate. 

!MAKiiARONK. A substance under this name is described by Bussy, 
{Jour, dc Phar.^ xix., 035.) among the products of the destructive distil- 
lation of a mixture of margaric acid mth one-fourth its u eight of lime. 
It is said somewhat to resemble paraffine^ and to consist of (edCCLT + 
(»7 A + « O) numbers which arc equivalent to hydrocarbon («; CCiV +67 ft) 
and carbonic acid (fiCLT + s 0). Its theoretical relations to paraffine 
and to margaric acid, are pointed out by Dumas. 

IVIaugarine. This substance forms a part of mutton-suet, hogs’- 
lard, and some other animal fats; it appears to form the greater portion of 
the concrete part of olive oil, already mentioned, and when that sub- 
stance is dried in bibulous paper, dissolved in ether, and left to spon- 
taneous evaporation, the white flakes which arc deposited are margarine. 

* Chevreul gives (70 ear +65 /k + 6 o) j + 3 o), or 64 instead of 65 atoms of 1^* 
rr 533. Gmelin represents margaric ! drogon, if doubled, 
acid l»y the equivalent 266, or 35 car +32 h I 

3 Q 2 
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Iteegiurw distinguished from stcarine hy its greater fusibility. It is 
1(0 w soluble in cold ethcr^ that at 65^ two pmrts are retained in penna* 
nent solution by five of ether. A solution of two parts of margarine in 
10 of ether, is permanent at 00% and does not begin to deposit till 
cooled down to 64®. The atomic constitution of luargarine has not been 
accurately determined. 

III. Oleic Acid. This acid is obtained by the decomiM»*iitioii of o/tvi/c 
of lead^ or okate (f potassa, by a solution of tartaric aci l : it seimratos 
m the form of tui oil, and is to l)c washtxl with hot w;ttcr: it often 
contains nuir^iiric acid, which it deposits hy cautious coolin.r : wlu‘ii pure, 
it remains transparent at 112^. It resemhies a colourless e>:L *'l a 
rancid taste and smell; its specific gravity is (UlSItl at (►;» . A Irw 
degrees below* 32% it concretes intii a w hite acicularly crvstallim* i«a>s ; 
it is not soluble in water, hut is taken up in all proportions hy alcohol ot* 
the specific gravity .822. It red<leus litmus ; mixes reiulily w ith steario 
and raargaric acids, and heliaves like tlu m when subjected to ilistiJlatioii. 
According to ClievreuJ, anhydrotu' oleic acid may be ngarded a.s a com- 
pound of 


CarlHiii 

. . .lo 

. 2!0 . . 

ttl.08 . 

fful. 

. <i0.042 

llydregon 

. . .30 

20 . . 

11.30 . 

. u.:i5o 

Oivgcn . 

-3 

20 . . 

7.72 



1 

259 

100.00 
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Tlie crystallized acid includes 1 atom of water. 

Oleate of A.MMOMA. Liquid ammonia rajudly dissolves ohric acid ; 
heat is evolved, and a gelatinous mass, soluble in water, is formed, 

Oleate of Potarsa. This salt may be best extracted from the soap 
of linseed ai7, which is dried, and digested in cold anhydrous alcohol ; 
the clexir solution is evaporated, and the residue siguin treated by cold 
anhydrous alcohol, hy which any tnice of margarate of potassa is left 
undissolved.w The solution now contains pure oleate o)' jnUassa^ and 
when slowly evaponited yields it, sometimes in an imperfectly-cryshil- 
lized mass ; its taste is alkaline and hitter : mixed with 2 parts of w*a(er 
it forms a transparent jelly: with 4 of water the solution is viscid: it 
absorbs moisture from the air. In tlie voltaic circuit it yields oleic acid 
at the positive, and potassa at the negative pole. At 122® alcohol dis< 
solves its owTi weight of this s«'ilt, aiicP the compound gelatinizi s on 
cooling. Chevrcul has also described a binedeate. 

The anhydrous oleate of potassa consists of 

Chovrrui. 

Potassa .... I . . 48 1A.HI 

Oleic acid ... 1 . . 250 84.81 

r 807 , looiw 

Oleate op Soda is an easily-soluble salt. 

Oleate of Baryta is insipid, insoluble in water, veiy sparingly 
soluble in boiling alcohol, and soluble in oleic acid. 

Oleate of Coffer is green, and easily fusible. 

^ Oleate of 1.jsad is liquid at 77^> and viscid at lower temperatures : 
it is soluble in alcohol and ether. 

Oleorb is a liquid product obtained by distilling oleic acid with lime. 
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JSlatdine. M. Poutet's test of the purity of oliye oil has been 
above adverted to. (p. 955.) The action of nitrous acid upon oil has 
been examined by M. Felix Boudet, {Ann. de Chim. et Phjfs.^ L., 391,) 
he finds that when olive oil is shaken with a mixture of 3 per cent, of 
nitrous, and 9 of nitric acid, it solidifies in the course of an hour : that 
linseed oil, nut oil, poppy oil, betnpseed oil, and beech-mast oil, are not 
so solidified : almond oil, and rape oil, arc more slowly but similarly 
changed. Castor oil is also solidified, but the product is distinct*. M. 
Boudet applies the term Elatdine to the above product ; and when sapo- 
nified by potassa, it yields a peculiar fat acid, which he calls Ela'idic 
acidf. 

§ XIII. Volatile Oils. Camphene. Camphor. CAMPironic Acid. 

CiTREXE. Oil op Copivi. 

The volatile or essential oils are generally obtained by distilling the 
vegetables, or the parts of the plants whiih afford them, with water, in 
common stills ; tlie water and oil pass over together, and arc collected in 
the Italian recipient shown in the following cut, in which the water, 
having reached the ievcl a /i, runs off by the 
[>ipc <•, and the oil, being generally lighter than 
water, floats upon its surface in the space //. 

'riie >vbole contents of the recipient are then 
poured into a funnel, the tube of which is 
closed with the finger; juid when the oil has 
collected upon the surfiice, the water is suf- 
fered to run from it, and the. oil transferred 
into a bottle. The distilled ^vater, being sa- 
turated with the oil, should be retained for a 
repetition of the distillation. The produce of 

oil is sometimes increased, by abiding salt co the water in the still, so as 
to elevate its boiling-point a few^ degrees. 

• Thissy and liOcanu, (Jour, de Phar.y ■ subsides ; it is washed, aJid piirifit'd by 
xiii.,) have elaborately examined the | solution in ether, wdiich afterwanls de- 
proilucts of Ciistor oil, and liave obtained ; posits it in silky crysUils, fusibleat 265"* : 
from it, as results of saponification, 1 soluble in twdee their weight of boiling 
marffariiic, (not margaric^) rieinic^ and ! alcohol, mid composoil, according to 
elaiwtic {woi the ela'idic acid of Ihnulet) Liebig, of (Ilicor-I-IG / j+ 4 o). The ro- 
acids. When castor oil is solidified by cellaies are analogous to soaps, 
hypoiilt rolls iw’id, (or by nitmte of iner- Valerianic or valeric acid^ p.ass<?s over 
cury ?) it yields a substance distinct writh i^eutial oil when tlie root of the 
fnnn elnidino, called by IJondct, palmitic. Valeriana qfficinal'is is distilled with water : 
When palmino is sa])oiiitied, and Hie the prmlnct is mixed wdth carlionate of 
soap decomposed by an acid, palmie acid < lungnesia and water, and distillod : the 
is se]>arute<l. | oil passes over, and vaJerianate qf mag^ 

-f- ItocelliCf valcrianicy and escnlic acids, ! nesia remains i to this, dilute sulphuric 
are placed by Dumns among the fat . acid is added, by wdiich it is decomposed, 
acids. RoeelHc acid was discovered by j and the valerianic acid may now be 
lleeren, in tb<^ rocella iinctoria : he ol^ ! obtained by distillation, imrtly floating 
taiuod it by digi^ting Uio lichen in liquid i upon the water, and partly dissolved iu« 
ammonia, precipiUiting by cldoride of | it. It is a colourless oily liquid, smelling 
calcium, and decomposing tlio roeelhUe qf strong of valerian, specific gravity 0.04, 
lime by muriatic acid, when rocollic acid ‘ acrid and acid to the taste, soluble in 30 




966 


VOt^TILE OILS. 


Some of the volatile oils are obtained by expression, such as tho^* oi 
/emoii, orange^ and hergamoty which are contained in distinct vesicles in 
the rind of those fruits. 

The volatile oils vary considerably in specific gnivity, *'i8 sliowii by the 
following Table; — 

Oil of Sassafras .... 1.0tl4 

„ CTiunainoii .... 1.035 

„ Cloves .... 1.0S4 

„ Fennel .... 997 

„ DUl .... 004 

„ Pennyroyal .... 979 

„ Cummin .... 075 

„ Mint .... 075 

Nutnieirs .... 04H 

The general chan»ctors of these oils are the following: they have a 
penetrating odour iuid taste, and are genendly of a yellowish colour; they 
jure for the most part very soluble in alcohol, and very sparingly solulile 
in water; these solutions constitute perfumed essences and distilled 
waters. ITie latter are principally employed in ph;irma<*y, and the 
former as perfumes. When pure, they pass into vapour at a temperature 
somewhat above that of 212'^, but when distilled with water, they pa.ss 
over at its boiling-point, lliey are very inilaminabh*, and water mid 
earbonie acid are tlie results of their pertWt combustion. As nuuiy of 
these oils boar a very high prie<‘, they are not unfrequently adultenitcd 
with alcohol and fixed oils. The former addition is rendered evident hy 
the action of water ; the latter, by the grea.sy KjM»t which they leave on 
paper, and which does not evaponite when gently heated, liy long 
keeping, some of the essential oils are concreted into a substance resemhliiig 
spermaceti ; this is especially the case with the ottar of rose, and some- 
times appears conneetc'd with the destruction of its odoriferous principle. 
When oil of aiiisei'd is kept for imuiy years it also loses its odour, uii<l 
lieconies entirely solid. < )ther oils become resinous hy age. (AIac Ccl- 
L^icii, iluarlerhf Journal^ .V. .V., v., 291.) The volatile oils alisorh 
oxygen, when long exj»oia*d to it, iind become thick and resinous. Nitric 
and sulphuric acid.s rapidly decompose the volatile oils: a mixture of 
four jiarts of nitric, and one of sulphuric acid, poured into a small quan- 
tity of oil of turpentine, produces instant inflammation. They absorb 
chlorine, and muriatic acid is prorluced, along with a peculiar substance, 
called artificial camphor. Io<line produces changes somewhat analogous. 
Muriatic acid combines with sevend of them, and forms a crystallixaihlc 
i’oiii{»ound which has also l>oen com|>nred to ciunphor. 

The relative quantity of essential oils, famished from different 

of water, and in all proportions of [ prolxibly identical with the saponin^ oh- 
alcohol Accvirdiiigtoliisstuigiasqiiotcd tuiued by Dussy, {i/our, ik /'Aar., xix.,) 
by Dumas, this acid in its oily form from the root of the Egyptian Saponaria, 
is aA^ra/4f,comiiosedof (lOssr-f lOA-p {GppMophila struihium^) This matter, 

4 o),thaaiiAjrrfr<m« acid behig represented I when digested with solution of fiotAiiim, 
by the equivalent = (10 ear +9 A-pdo)* yields a soapy compound, from which 
En^lie acid was obtained by Freiny, the acids iHq>arale SMcuiic acid. Such 
by dig(>sting pulverized horMS-Glicstnuts details refq»cc«ttng Its nature and projwr- 
m alcohol ; the solution hsft, 011 eva|io- ties as have b<H*n asc(;rtaiuiHl, are given 
ration, a i>cculiar yellow viscous matter, by Dumas {Ckim. ap, Arte., v., 


Oil of Ttuisy .... 9415 

„ C’iirttway .... 940 

„ Drigaiiuiii .... 040 

„ Spike .... 030 

Ho.«»eiiiary .... 1>34 

Juniper .... Oil 

„ Oranges .... itlUt 

,, Turpentine .... 873 
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inutcrialH, is liable to much variation; the following are the average 
products of 1 ewt. of the different vegetable substances: — 

^ Ouiiceit, 


Juniper-berries (common) . 

. 

. 

• 

4 

to 

5 

„ „ (fine Italiaii) 

. 

. 

. 

7 


8 

Aniseed (cunimon) 

. 

. 

. 

32 

99 

36 

„ (finest) 

• 

. 

. 

30 

99 

38 



lbs 

oz. 


Ibt 

oz. 

(kraways . . 

tVoni 

3 

12 

to 

4 

12 

Dill-seed 

»> 

2 

0 


2 

G 

(4oves .... 


18 

0 


20 

0 

Pimento .... 


2 

0 


3 

4 

Fennel-seed 

>} 




2 

0 

Leaves of the Juniper us sabina 




. 

0 

14 


Tho essential oils have recently been subjects of more interest to the 
chemist, from the results afforded by their ultimate analysis: these have 
shown that certain oiganic compounds, commonly arranged ivith the 
volatile oils arc binary compounds of carbon and hydrogen, or hydro- 
carhonx: to these, allusion has already been made (p. 481), and we shaH 
now have to consider them more in detail: others are ternary compounds 
of carbon, hydrogen, and oxygen, or oxides of hydrocarbon^ and two or 
three of them are of a more complex character, such as the oil of mustard- 
seed. 

A. 'fo the first class belong the oils of turpentine, of lemons, and of 
copivi balsam ; these arc hydrocarbons. 

I. Oil of Turpilviine: Campiiogen, or Campiiexe. Oil of turpen- 
tine is one of the most important of these oils, in consequence of its 
numerous applications in the arts, especially in the manufacture of paints 
and varnishes. It is obtained by distilling turpentine with water, with 
the vapour of which it readily passes over at 212°, though its boiling-point 
exceeds 314°. It is very sparingly soluble in alcohol. By exposure to 
air a part of it is converted into resinous matter, and a part into a 
peculiar acid matter, which, when distilled, deposits a crystallizable sub- 
stance, upon exposure to cold. {Ann, de Chim, ei Phys,^ xxxi., 442,) In 
consequence of the great inflammability of oil of tuq^entine, it is highly 
dangerous when kept in quantities. If preserved in wooden vessels they 
are very apt to leak, hence the necessity of placing them in another cask> 
surrounded by water. In common oil of turpentine Dr. Urc found 82.35 
Ciur1)0ii, 9.80 hydrogen, 7*85 oxygen: wdicn purified l>y alcohol, the 
specific gravity of this oil was reduced from .888 to .878; it then appeared 
to be a binary compound of carbon and hydrogen, nearly resembling 
naphtha in composition. This suggestion, throum out by Dr. Ure, {Phil. 
Trans.y 1822, p. 475,) has since been verified by Dumas, who deprived 
it of all adhering water and acid, by agitating it with quicklime, subject- 
ing it to a careful distillation, and finally digesting it with chloride of 
ciilcium. In this state its specific gravity is .860 and its boiling-point 
312°. From the density of its vapour (4.7Q?) Dumas infers that it 
contains, in the 100 volumes, 500 volumes of carbon vapour (or 1000 
according to the usual estimate, see p. 475) and 800 of hydrogen, and as 


500 Cubic inchccTof carbon vapour weigh • • • 131.5 
000 „ hydrogen 17.0 

100 „ of tuqientiub vapour . . s 148.5 
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These weights bear the ratio to each other of 10 ecjuivalents of carbon to 
8 of hydrogen, or ^ 


Carbon 

10 

60 

88.1 

Hydrogen . 

8 

8 

11.0 

Oil of turpentine 

1 


100.0 


The calculated density of its vapour is 4.74; or, 

5 A^olumes of carbon vapour = o!iB40 X 5 = 4.20 
8 „ hydit^eu = 0.068 X 8 = 0,04 


88.5 
II 5 

100.0 


4.74 


1. Camphor. This substance, which in nuiny respects resembles the 
essential oils, being like them, volatile, inflammable, soluble in alcohol, 
and sparingly soluble in water, has been shown by Dumas to be an oxide 
of an hydrocarbon identical in compo.sition with pure oil of turpentine, 
hence the term Camphogen or Campkene^ applied to that oil. In its ordinary 
state camphor is white, semi-transparent, and concrete. Its specific 
gravity is .98. It fuses at about 300^ in close vessels, and rises nipidly 
in vapour. It dis.solvcs in the fixed and volatile oils. It is scarcely acted 
upon by the alkalis ; some of tlie acid.s dissolve, others decompose it. 
(ClicvrcuJ, Ann. de Ixxtii.) It dissolves in sulphuric acid, 

forming a brown solution, from which it is at first precipitated, unaltered, 
by water; sulphurous acid is afterwards evolved, the solution becomes 
black and thick, and, after some days, aflbrds a broA coagulura on the 
addition of water, and smells fragniiit and peculia^fr di||illing the 
diluted liquor, water and a yello%v oil pass over, a littlaiiulphimu.s aciil is 
then disengaged, and a black matter remains in the retort, which, when 
digested in alcohol, aflbrds a portion of soluble matter liaving some of the 
properties of artificial tannin. (Hatchett, Phil. Tranjt.^ 1805.) 

If mixed with Wle or powdered clay, and repeatedly distilled, cam- 
phor is almost entirely converted into a liquid, having the characters of 
essential oil. 

The camphor of commerce is ohtaint^d from the Laurus camphora^ 
and comes chiefly from Japan. It is originally separated by distillation, 
and subsequently purified in Europe subliming- vessel somewhat of 

the shape of a turnip, from which the of camphor derive their form. 
There are other trees and plants which afford it. 

The specific gravi^ of the vapour of camphor is 5.29, which corre- 
spi>nds w'ith 

5 Volumes of carbon vapour . . . . = 4.20 

8 „ Hydrogen gas . • =r O.A4 

f » Oxygen . . . . = 0.56 


6.20 

Hence, camphor appears to be the protoxide of camphogen^ or to 
consist of 



• 


tiiimaa. 

VtP 

Carbon 

10 . . 60 

. . 70.0 

70.38 

78.03 

Hydrogen . 

8 . . 8 

. . 10.6 

. . 10.36 . . 

11.68 

Oxygen. 


106 

. : 10.38 . . 

10.40 

4H, 

1* 76 

mi 

100.00 

100.00 
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2. Camphoric Acid. When camphor is repeatedly distilled ivith 
nitric acid, it is converted into camphoric acid. For this purpose, four 
ounces of camphor, reduced to powder by triturating it with a few drops 
of spirit of wine, may be introduced into a two-quart tubulated retort, 
placed in a sand-heat ; pour upon it thirty ounces of common nitric acid, 
and proceed to slow distillation. When two- thirds of the acid have 
passed over, return it into the retort and distil as before, repeating the 
operation twice more; aft^ which, as the liquor cools, a quantity of 
crystals of camphoric acid are deposited, which are to be washed and 
dried. Tliis acid assumes the form of plumose crystals, soluble in about 
1(K) parts of water at 60°, and in ratlier more than 1 part of alcohol. Its 
tiistc is acid, and somewhat acrid, and it has an aromatic odour. Exposed 
to heat, it sublimes unaltered. It combines with the salifiable bases, 
constituting a ebuss of salts called Camphoraies. 

Camphoric acid, in its anhydrous state, is composed of 


Carbon . . . 

10 

60 

55.6 

Dumas. 

56.03 

Hydrogen . . 

H 

8 

7.4 

7.32 

Oxygen . , . 

5 

40 

37.0 

36.65 


1 

108 

100.0 

100.00 


Tlic crystallized acid, according to Brandcs, includes 1 atom of water; 
it appears, therefore, that camphoric acid is = (camphor + 4 0 ), or 
(camphogoiie + s 0.) 

Camimiorates. Tlie neutral camphorates include 6 atoms of oxygen; 
namedy, 1 in the base, and 5 in the acid. They have a bitterish aromatic 
flavour, and are decomposed by the stronger acids. Subjected to destruc- 
tive distillation they yield water, ompyreumatic oil, and charcoal: in the 
air they bum >vith a blue or reddish flame. The camphomtes of ammonia, 
potassa, and soda, are very soluble, deliquescent, and difficultly crystal- 
lizablc: they are soluble in alcohol. The camphorates of baryta, lime, 
strontia, miignesisi, and manganese are soluble in water. If the camphor 
has not been perfectly acidified the camphoric acid retains it in combina- 
tion, and the ssilts are rendered much less soluble. The caniphorate of 
peroxide of iron, of tin, zinc, lead, coppei, uranium, protoxide of mercury 
and of silver, are insoluble, or nearly so. 

3 Hydrate op Oil of Turpentine; Hydrate op Camphogen. 
Dumas has described, under this term, a crystalline compound, which is 
often found in mixtures of oil of turpentine and water; and, in cases 
w’here drops of water have adhered to the interior of bottles containing 
oil of turpentine, each drop has been found successively converted into a 
tuft of crystals. It is colourless, tasteless, and odourless, crystallizes in 
rhomboidal prisms forming stellated groups, and is heavier than water. 
It fuses and sublimes at temperatures of about 300° to 360°. It dissolves 
ill 22 parts of boiling water, and crystallizes os the solution cools: alcohol 
and ether also dissolve it. Pcligot and Dumas have observed the same 
compound in essential oil of cardamoms, and it is probably not an unepm- 
moii product. It consists of ( lo CdT + n A + 3 O), or of 


Camphogen 

. . . 1 

. . 68 

71.6 


Water . . . 

. . . 3 

. . J7 

28.4 

* 


1 

95 

100.0 



1 
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4. Muriate of Camphoqen; Artificial Camphor. TJiis curious 
substance was discovered by Kind (Ann, de Chim,^ li., 270) ; it is formed 
by slowly passing dry muriatic acid gas through oil of turpentine sur- 
rounded by ice, so as to keep down its temperature; the quantity of the 
product is very variable, but sometimes equals or exceeds that of the oil 
of turpentine employed, the oil absorbing a third of its weight of acid. 
The artificial camphor separates in the course of some hours. It is white, 
crystalline, of a peculiar and somewhat eain}>hory odour, fusible below 
212^, soluble in about 3 parts of pure alcohol, and deposited in crystals 
from a hot saturated solution. It is volatile, but not without decompo- 
sition, for when sublimed in a retort a little muriatic acid is always 
formed: it is decomposed by' lime, and the oil evolved unaltered in its 
composition. 

The mother-liquor, from which this muriate is deposited, is fuming, 
pungent, and lighter thmi water; when distilled, it yields a clear yellow 
oil, and leaves a brown residue. (Blanclict and Sell, Jour de Phar,^ xx., 
224.) Muriate of camphogen consists of (axiCCLT -f 17 A -f C), or 

Caniphogcu ... 2 . . 130 . . 70.5 

Muriatic acid . . . 1 . . 37 . . 21.5 

ioo.o 

II. Essential Oil of Lemons; Citrene. This oil is generally 
olituined by expression, from the exterior rind of the fruit of the lemon. 
(Citrus mcdica.) It is also obtained by distillation. In the former case 
the oil is extremely fragrant, but somewhat turbid, and liable to change 
in consequence of the presence of a little mucilage: the distilled oil is 
perfectly limpid and permanent. 

Essence of lemons, when pure, is colourless, limpid, and very 
fragrant. Its specific gravity' is 0.847 ut 70^^. It dissolves in all propor- 
tions in anhydrous alcohol, but 100 parts of alcohol, of specific gravity 
.837, only dissolve about 15 parts. It consists, according to the analysis 
of Dumas, of carbon and hydrogen in the same relative proportions as in 
oil of turpentine, but they arc one-half less condensed, so tliat it may be 
represented by ( 5 COLT -f 4 A ), or 

Dumas. 

Carbon .... 5 . . 30 . . 80.1 . . 88.5 

Hydrogen ... 4 . . 4 . . 11.0 . . 11.5 

Essence of lemons . 1 34 100.0 100.0 

The essential oils of beigamot, and of cedrate, and probably of orange, arc 
similarly composed. 

1. Muriate op Citrene. An artificial camphor may be obtained 
from essence of lemons by the same process as that applicable to essence 
of turpentine. Blanchet and 8ell (Jour, de Phar,) regard the essence of 
lemons (as also that of turpentine) as a mixture of two distinct ''hydro- 
carbons, one of which yields the crystallizablc camphor, and the other 
the uncrystallizable fuming mother-liquor; to these they have applied 
the terms citronyle and>tVry/e. According to Dumas, the crystallizablc 
product is white, lamellar, or nacreous, fusible at 105^, and concretes into 
a brilliant mass on cooling. It consists of (10 CCLT + 9 A -b C ), or 

Citrene . *1 ... 2 . . 08 . . 04.8 

Muriatic acid ... I . . 37 . , 35.2 

~l 105 100.0 
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III. Oil op Copivi. Tlie balsam of copioi^ which is an exudation re- 
sembling turjten tine, from several species ofCo/ia^ra, yields, when distilled, 
a peculiar fragrant volatile ojil, which, when deprived of water by digestion 
with chloride of calcium, has a specific gravity = 0.878; absolute ^cohol 
dissolves two-fifths its weight of it, and it is soluble to any extent in 
ether and in sulphuret of carbon: it dissolves sulphur and phosphorus, 
and absorbs chlorine, which renders it viscid : when dropped upon iodine, 
heat and hydriodic acid are evolved. It forms, with muriatic acid, a 
compound analogous to artificial camphor, and also a fuming liquid. This 
oil, according to Blanchet, corresponds in composition and in atomic 
constitution with the oil of lemon. 

B. The second class of essential oils, or those which are oxides of 
hijdrocarbon^ includes the greater number of those products: their real 
nature is, as yet, but imperfectly understood, but it is highly probable 
they are solutions of a substance analogous to camphor, in liquid hydro- 
carbons, and that they may,^ therefore, be atomically represented by 
{CdT+h) + + A + j Some of these oils, when exposed to 

cold, yield crystalline deposits, which are modifications of camphor, or 
solid oxides of hydrocarbon: those from oil of peppermint and oil of 
aniseed have been examined by Dumas, and several others have been 
noticed and analyzed; the deposit from oil of roses, oil of sassafras, oil of 
cinnamon (Dumas and Peligot, Ann. de Chim. el Phifs,^ Ivii., 311), and 
many others, which are gradually deposited, or formed by the action of 
air, are probably of the same nature. Such of these oils as are most 
dense, are, according to Dumas, most highly oxidized ; some of these pass 
into resins, and others exhibit a tendency to combine with bases; this is 
especially the case Avith oil of cloves and pimento. (Bonastre, Jour, de 
Phar., xiii.) According to Dumc^, the composition of oil of cloves may 
be represented by + 13 ^ +50) giving an equivalent z= 173, 

and combining, in this proportion, Avith an equiA^alent of ammonia; so 
that 1 73 oil of cloA’os + 1 7 ammonia AA’ould form 190 of car ifophif Hate of 
ammonia. The crystalline deposit from oil of cloA^es Avhich has been 
long kept, is stated by Dumas to be not only analogous to, but identiciil 
Avith, camphor. 

§ XIV. Amygdaline. Benzule. Benzoic Acid. 

Amongst the essential oils, that Avhieh is obtained by distilling the 
cake Avhich remains after the fixed oil has been expressed from bitter 
almonds, is perhaps the most interesting. In its ordinary state, this oil 
is a mixture of hydrocyanic ticid, and a peculiar A-olatile oil, neither of 
Avhich pre-exist in the almond, but are produced by the action of heat 
and Avatcr, during the distillation, upon a peculiar principle contained in 
the almond, and Avhich may be termed amygdaline. The essential oil 
may be separated from the hydrocyanic acid, by agitating it Avith a solu- 
tion of potassa and protochloride of iron, and subjecting it to distillation, 
and it may then be deprived of adhering AA’ater, by redistilling it over 
quicklime. (Wohler and Liebig, Ann. de Chim. ct Ph^s., li., 2^.) 

When thus purified, that is, deprived of hydwcyanic acid and water, 
the essential oil is clear and colourless, and its odour resembles that which 
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it originally possessed: its flavour is hot and aromatic; its sp. gr. =: 
1.043. It is very sparingly soluble in water, but alcohol dissolves it in all 
proportions. It is inflammable, but it may be passed, without decom- 
position, through a red-hot tube. Exposed to air, or other source of 
oxygen, it is converted into crystallized benzoic acid^ and this conversion 
is extremely rapid under the direct influence of solar light. Exposed to 
the joint action of air, water, and a solution of potassa, benzoate potassa 
is formed ; and if the experiment be made over mercury, the ascent of 
the mercury indicates the absorption of the oxygen. It is not altered by 
the iinhydrous alkalis ; but when heated with hydrate of potassa out of 
the contact of air, benzoate of potassa is formed, and hydrogen evolved. 

It has been sho^vn by Liebig and Wohler, that the atomic constitu- 
tion of this oil is such, that it may be regarded as the hydruret of a base 
composed of carbon, hydrogen, and oxygen, which base cminot be isolated, 
but may be transferred, without decomposition, from one combination to 
another, in the same manner as cyanogen. Combined with oxygen, this 
bixse produces benzoic acid, hence they have termed it benzule. 

Bexzule is represented by (i4 CCLT 4* ^ A +2 0) : or it consists of 


Carbon 14 . . 84 . . 80.00 

Hydrogen .... 5 . . 5 . . 4.75 

Oxygen 2 . . 16 . . 15.25 

Benzule .... 1 • 105 100.00 


Hydruret op Benzule is the purifled essence of bitter almonds, 
(deprived of hydrocyanic acid,) in which state it consists of (Ben + A), 
or 105 + 1 r: 106 : its ultimate composition being 


Carbon .... 

14 

84 

. 70.2 

Diim.’iH. 

79.57 

Hydrogen . . . 

6 

. 6 

5.7 

5.56 

Oxygen .... 

2 

16 

15.1 

14.87 

Hydruret of benzule 

1 

106 

100.0 

100.00 


CuLORiDE OF Benzule. When chlorine is passed through the above 
hydruret, it is absorbed, heat and muriatic acid arc evolved, it becomes 
yellow, and when no more muriatic acid is formed, the liquid is heated ; 
it becomes limpid and colourless, and is then pure chloride of benzule; 
its sp. gr. is 1.196: its odour is pungent and irritating, its boiling-point 
high, and it bums with a greenish sooty flame : when poured into water 
it falls to the bottom, w'here it remains insoluble ; but by boiling, it forms 
crystallized benzoic acid and muriatic acid. It may be heated with 
baryta and lime without decomposition, but with hydrate of potassa it 
yields chloride of potassium, and benzoate of potassa. It dissolves phos- 
phorus and sulphur, with the aid of heat, but deposits them in crystals 
as the solutions cool. With the solid chloride of phosphorus it evolves 
heat, produces the liquid chloride, and an oily compound of a penetrating 
odour. It dissolves in alcohol, and the solution soon becomes so hot as 
to enter into ebullition, muriatic acid is evolved, and on the addition of 
water benzoic ether separates. 

Chloride of benzule is represented by (Ben+C), or 105 +36=141 
It consists, therefore, of 
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Carbon .... 

14 

84 

59.50 

Dumas. 

60.02 

Hydrogen . . . 

5 

5 

,3.60 

3.51 

Oxygen .... 

2 

.16 

11..35 

11.55 

Clilorino .... 

1 

. 36 

25.55 

24.92 

Chlorido of benzule < 

. 1 

141 

100.00 

100.00 


Iodide op Benzule is formed by distilling iodide of potassium with 
chloride of benzule : it passes over as a brown liquid, which concretes on 
cooling, and which, when freed from mixed iodine, is a white crystalline 
solid : it consists of (Ben+Z), or 1054- 125 z= 230. 

Bromide op Benzule is produced by the direct action of bromine on 
the hydruret of benzule ; it is brown, crystalline, soluble in alcohol and 
ether; and by continued ebullition with water is converted into benzoic 
and hydroliromic acids. It is represented by (Ben + ^), or 105 + 78 
= 183. 

Sdlpiiuhet of Benzule is formed by distilling chloride of benzule 
with finely-powdered sulphuret of lead : it distils over in the form of an 
oily fluid, which concretes into a yellow crystalline mass : it smells of 
sulphur; water does not affect it, but W'hen boiled with a solution of 
potassii, benzoate and sulphuret of potassa are formed. This compound 
is represented by (Ben 4-5), or 105-1-16=121. 

Cyanuret op Benzule. Wlien chloride of benzule is distilled off 
cyanuret of mercury a yellow' oil passes over, and chloride of mercury 
remains in the retort. When the liquid is rectified it is colourless, but 
soon becomes yellow ; it has a pungent irritating odour, a biting and 
sweetish flavour, which a little resembles that of oil of cinnamon. It 
is denser than water, and is converted by its action into benzoic and 
hydrocyanic acids ; it burns with a white fuliginous flame : its symbol is 
(Ben-1-C^), or 1054-26=131. The ultimate elements of this curious 
compound arc 


Carbon 1(> . . 9G . . 73.5 

Hydrogen .... 5 . . 6 . . 3.6 

Oxygen 2 . . 16 . . 12.2 

Nitrogen I . . 14 . . 10.7 


Cyanuret of benzule .1 131 100.0 

Benz AMIDE. Dry aminoniacal gas is rapidly absorbed by chloride of 
benzule, heat is evolved, and a white crystalline solid formed, consisting 
of muriate of ammonia in combination with a new substance, called by 
Liebig and Wohler Benzamide^ from its analogy to oxamide. When the 
product is first washed in cold water, and then dissolved in boiling w'ater, 
the benzamide crystallizes as the solution cools. It fuses at 240^ into a 
limpid liquid, which concretes into a foliated mass : at a higher tempera- 
ture it boils, and distils over unaltered : its vapour bums with a smoky 
flame. It dissolves in alcohol, and in hot ether. Triturated with caustic 
potassa it evolves no ammonia, but when boiled in caustic potassa, 
ammonia is evolved and benzoate of pot«assa formed. Boiled with sul- 
phuric acid, benzoic acid sublimes and sulphate of ammonia is formed. 
The ultimate elements of benzamide^ regarding it as a compound of 
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henzHk and amide, are (u COT + 5 A + s 0) + ('W + « A), or 105 + 


= 121, and may therefore be thus represented, 

Ditmii!*. 

Carbon . . 

. 14 

84 

66,5 .. . 

(KI.73 

Hydrogen . 

7 

7 

50 

5.66 

Oxygen . . 

. 2 

16 

13 2 

13.05 

Nitrogen 

1 

14 

11.5 

11.53 

Benzamide 

. . 1 

121 

100.0 

100.00 

Hence, the action of 

ammonia on 

chloride of benzule. 

is such that 


1 atom of the chloriJo, and 2 at<nns of ammonia^ produce 1 atom of 
muriate of ammonia, and J atom of henzamide : or, 


1 C!ilorl<!o of ll.Miznlo. 

-f 

9 Ammonia, 

(u car + 6A + SO + C) 

4- 

J (W + 3 A) 

produce 




4* 

1 Muruti* of .Vmmoniii. 

' (i4car + " A + 20 + w) 

+ 

(ft 4* ^ 4“ C) 


Benzine. Tliis substance, known under the name of camphor of 
essence of bitter almonds, is produced in the fonn of a crystalline deposit, 
when the oil is left for some weeks in contact with a strong solution of 
potassa; it may be purified by solution in hot iilcohol and filtering 
through animal charcoal : as the alcoholic solution cools it forms pris- 
matic crystals, fusible at 2411*^, tasteless and inodorous, and coinciding 
with the original oil (hydruret of bcnzulo) in composition. (Wohler 
and Liebig.) 

Benzoic Acid. (Ben + 0,) Tins acid has lately acquired much 
interest to the theoretical chemist, in consequence of its relation to the 
compound radical or base which I have just desqibcd under the namt* of 
Benzule^ and of which it is, in fact, an oxide. Benzoic acid exists ready- 
formed, in benzoin or Benjamin, which is the resinoid exudation of th<‘ 
styrax benzoe^ whence its name ; it is found also in some of the hahams '^^ 
and is produced by the action of heat, acids, and alkalis, on amygdaline, 
benzamide, and hippuric acid ; lastly, it is formed by the action of oxygen 
on the hydruret of benzule, above described. 

Benzoic acid is usually obtained by heating benzoin in a convenient 
vessel or apparatus, such as a crucible, with a cone of paper attached to 
its m^th ; the add condenses in it in fine acicular crystals, >vhich were 
fomw^ osUed flowers of benzoin. A good process for procuring this 
acid is that recommended by Mr. Hatchett, which consists in digesting 
benzoin in sulphuric acid, when it affords, on the application of heat, a 
copious sublimate of pure benzoic add. {Additional Experiments on 
Tannin^ Phil. Trans.^ 1808.) It may also be obtained by boiling a 
pound and a half of powdered benzoin with 4 ounces of ^uicklimC) in 6 
or 8 quarts of water. When cold, the cleir liquor is decanted, and the 
residuum again boiled in half the former quantity of water. * The liquors 
thus obtained are boiled down to half their bulk, filtered, and mixed 
with muriatic add, as long as it occasions a precipitate, from which the 

• Such as the balsam of tolu and of Peru. 
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liquor is poured off, and, ^vhcn dry, it is put into an earthen vessel placed 
in a sand heat, and sublimed into paper cones. 

In the tenth volume of Nicholson’s Journal^ I have detailed several 
experiments on benzoin, and have shown the relative quantity of acid 
afforded by the several processes which have been recommended for ob- 
taining it, but different samples of benzoin afford very different relative 
proportions. 

In making benzoio acid upon a large scale, by the process of subli- 
mation, the better kind of benzoin is most economically employed : it 
may lx? put into on iron pot, set in brickwork over a proper firc-plnce; 
the sublimate is most conveniently received into a large wooden box 
lined with paper, communicating by a conical iron or tin-plate neck with 
the subliming pot. The first product may be sublimed a second time in 
the same apparatus ; and, by conducting the process rather rapidly, the 
acid condenses in beautiful prismatic crystals, somewhat elastic. If 
slowly sublimed, it is more powdery* By this process of sublimation, 
good benzoin yields 10 to 12 per cent, of acid contaminated by empy- 
reumatic oil, and which, when pressed between folds of blotting-paper, 
and .again sublimed, is reduced to the proportion of 8 or 9 per rent of the 
purified acid*. 

Benzoic acid, when it has been thus sublimed, is in the form of soft 
featheiy crystals, very inflammable, fusible at about 230°; it is light, 
of an aromatic and slightly sour taste, soluble in 25 or 30 parts of 
boiling water, and very sparingly soluble in cold water. It is much more 
soluble in alcohol ; and this solution easily furnishes it pure, and in 
prismatic crystals. It is soluble, without immediate change, in nitric 
and sulphuric acids, and in rajiny other acids by the aid of heat. Tlic 
oils Jilso dissolve it. 

According to Dumas and 3Iitscherlich, the density of the vapour of 
benzoic acid is 4.27- Anhydrous benzoic acid may be represented l»y 
(Bkn 4- 0), that is, as an oxide of benzule; or 105 -f 8 = 113: its 
ultimate components therefore are 


Carl)on 

14 

84 . 

. 74.3 

Dnm.is 

. . 74.7 

Hydrogen 

5 

5 . 

4.4 

. . 4.3 

Oxygen 

3 

24 . 

. 21.3 

. . 21.0 

Anhydrous benzoic acid 

”T 

fl3 

100.0 

’"lOO.O 


The cryslnlHzed contains 1 equivalent of >vater, and is reprosenjgd by 
{ben^-^ q), or 113 + 9 =: 122. The water cannot be expedw by 

* According to Stoltzo, good licnzoin Benzoic acid is also made by evaporating 
should yield 12 or 13 per cent, of pure the urine of cows, horses, &c., prccipi- 
acid hy the process of sublimation ; and tating the hippuric acid by muriatic acid, 
18 per cent, hy the following process: and decomposing this product by sul- 
dissolvo 1 part of l)cnzoiii in 3 of al- pliuric acid: it obstinately retains an 
cohoU neutralize the solution with car* urinous odour, wliicU maybe covered by 
bonatc of soda dissolved in a mixture mixing it with about a twentieth part 
of 8 parts of water and 3 of alcohol: of benzoin, and subliming. In some 
odd to the mixture two parts of water cases, benzoio acid may be economically 
and distil off the alcohol: decant the prepared by subjecting essence of bitter 
residuary liquid from tlie resinous depo- almonds to the action of the air. 
sit, and decompose it by sulphuric scid. 
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heat, and U contained in most of the benzoates. The benzoate of sUder\9 
anhydrous. 

ftolnoAtEi^ In the neutral anhydit>u8 benaoates, the oxy^h hl tho 
add t» to that in the base as 8 to 1 : thfse salts 

and dieir solutions give a precipitate of benzoic add witlPt stroller 
acids ; they give a dingy-r^ precipitate with the persalts of iron. 

Benzoate of Ammonia forms deliquescent plumose crystals, very 
soluble in water. Berzelius rebonunends this salt as a precipitant of 
peroxide of iron, which it throws down of an orange-red colour. Orys* 
tdlized benzoate of ammonia consists, according to Thomson, of one 
proportional of acid, one of base, and one of water. 

Benzoate of Potassa is a very soluble deliquescent nilt; ii* it be 
digested with benzoic acid, a bibenzoate of potassa results, w;iji*li accord- 
ing to Bucholz, (Ann, de Chint,^ Ixxxiv.) forms acicuhir aiid lamellar 
crystals, requiring ten parts of water for their solution. 

Benzoate op Soda forms efflorescent crystals, very solubh^ in \v;U«*r. 

Benzoate of Lime forms acicular crystals, sparingly soluble in cold 
w'ater. Yauquelin found this salt in the urine of the cow. Benzoate oi 
ammonia forms a copious white predpitutc when added to solution ot 
chloride of calcium, which is soluble in hot water. 

Benzoate of Bauyta is soluble and cryst^dlizuble. 

Benzoate of Strontia is also a soluble ^ dt. 

Benzoate of Magnesia forms soluble plumose crystals. 

Benzoate of Manganese fumis beautiful prismatic irystals. wliicii 
are soluble in 20 |)arts of cold water: and in alcohol. 

Benzoate of Iron. Benzoate of ammonia funns an insoluble /jcr- 
benzoate when added to solutions of peroxide of iron, of a reddisli colour: 
in the protosalts of iron, it forms a white precipitate. 

Benzoate of Zinc forms soluble ticicular crystals when there is 
excess of acid: the neutral benzoate is insoluble. 

Benzoate of*Tin is insoluble, or nearly so, in waCe^; 

Benzoate op Coppj|R is a fine blue compound, difflcultly soluble in 
water, but soluble in excess of benzoic acid, and insoluble in alcohol! 

Benzoate of Lead is insoluble, except there be excess of acid ; it 
then forms nacreous crystals. 

Benzoate op Antimony has not been examined., ^ 

Benzoate of Bismuth fonns white acicular crystals, permanent in 
the air, soluble in water, and sparingly soluble in alcohol.^ (Trommsdorf, 
Ann. de Ckim.^ xi.) When benzoate of ammonia is added to acid nitrate 
of bismuth, it forms an insoluble white precipitate ; Trommsdorf's salt 
therefore is probably a bibenzoate. 

Benzoate of Cobalt, Benzoate of ammonia forms no precipitate 
in solutions of cobalt. 

Benzoate op Uranium is a difficultly soluble straw-coloured com- 
pound, when formed by adding benzoate of ammonia to nitrate of uranium. 

Benzoate of Nickel. Elutions of nickel are only rendered slightly 
turbid by benzoate of ammonia ; benzoate of nickel is probably therefore 
a soluble salt. 

Benzoate of Mercury. Benzoic acid fonns white precipitates in 
the solutions of mercury. 
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Bbnz()ATB op Siltbe, obtained by digesting moist oxide of rilrer in 
beiUEoic acid, forms actcular crystals; but benzoate of ammonia produces 
an abundant insoluble precipitate in solution of nitmto of silver. This salt 
is anhydroui^ wd consists of 116 oxide of silver + 118 bmizoic acid. 

Benzoaiiiop Alumina fonns ari>orescent crystals. 


§ XV. Besiks. Amber. Caoutchouc. 

Tub Resins are solid substances which often exude spontaneously from 
trees and plants, or^ are extracted from other products by the agency 
chiefly of alcohol, in which they are more or less easily soluble*. They 
are insoluble in water; and their alcoholic solutions, when mixed with 
wat(T, are rendered turbid and deposit the resin: their specific gravity 
varies from 0.92 to 1.20. They are brittle, and generally without much 
smell or taste, nonconductors of electricit}^ and rendered negatively elec- 
triciil w*hen rubbed. The resins fuse when heated, and are not, in their 
natural state, ciystallizabic. Some are more readily soluble in cold 
alcohol than others t; and some appear to include two distinct species of 
resin ; many of them contain essential oil, w+ich they lose by exposure 
to air, or which may be abstracted from them by distillation. Some of 
thorn are soluble in sulphuric acid, without decomposition and arc 
again thrown down by water. When heated, these solutions evolve 
sulphurous acid, and a cnrbonaceous deposit ensues, which cor^ains 
artificial tan. I'hey are generally decomposed by nitric acid, or con'^i- 
dcmbly modified by its action. {Some of them are soluble in muriatic 
and in acetic aci(N. 

They combine with alkalis and salifiable bases, and form a class of 
compounds first studied by Hatchett, and subsequently by Unverdorben 
and others: in these compounds the resin performs the part of a weak 

* The resins, as they exude from trees, md of a high temperature in linseed oil 
are often mixed with w'hen they and turpentini^ 

form gum-rcsinty wliich are consequently Gtiaiact«fii Is characterized by the siii- 
only imrtially soluble in water and in gular changes of colour, a'liich its alco- 
alcohol; they readily dissolve in alkaline hoHc solution sufiers when exposed to 
solutions when assisted by heat ; and the the action of nitric acid. {Phil, Tram, 
acids act u|)on them nearly as upon the 1811.) Guaiacum is also rendered blue 
resins. Ammoniacum^ gamboge^ assqfos* by the gluten of wheat, but its colour is 
/tVAr, and olibanum^ may be taken as ex- not changed by starch ; the intensity of 
amples of gum-resins. the blue colour is said to be proportional 

f CofHtly maslichf and a few otlier re- to the qimntity of gluten present in flour, 
sins, are very difficultly soluble in olco- (Toddei, Giorttale di Fiskoy i., 168. Quar- 
hoi, and contain a substance which re- terlgJoumaly vii.,876.) M. Pagenstecher 
mains in the fonn of a viscid mattm* has employ^ tincture of guaiacum, in 
after the resinous portion has been sepa- conjunction with hydi'ocyanic acid, as a 
ratod by alcohol. Cm)al requires p^uliar test of the presence of copper. {Quari, 

management to effect its solution in Jouvmly x. 182.) 

alcohol. A piece suspended in the vapour $ The properties of the resins liave 
of boiling alcohol is gradually softened, been ably investigated by Mr. Hatchett, 
and, as it di*ops down, dissolves in the the details of whose researches will be 
alcohol; camphor also ac^celerates its so- found in his communications to the 
lution Iwih in idcohol and in oil of tur- Royal Society, printed in the PMhsophk 
pentine. most useful copal varnishes col TVoftsacficfis for 1804, 1806, 1006. 
are those in which it is dissolved by the ^ 

ft R 
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add : the resins are of great use in the arts : they constitute the basis of 
varniskes*y and of many plasters and cements. 

Colophony, or common rositty is the residue of the distillation of 
turpentine: the oil, or essence of turpentine, passes over, and the resi- 
due is a soft yellow substance which hardens by exposure to air, and 
is known as or yellow rosin: when melted it loses water, and con- 
cretes on cooling, into black or common rosin. The ultimate composition 
of this substance may be represented by oil of turpentine + oxygen ; it 
is a compound of 

Ga>-Lus»nc niul Theuurtl. 

Carbon 75.044 

Hydrogen 10.719 

Oxygen 13.337 

100.000 

PiNic Acid. According to Urverdorbon (Poggen., xi., 47), when colo- 
phony is digested in cold alcohol .833 specific gravity, a portion only is dis- 
solved ; the solution thus obtained, when mixed witli an alcoholic solution of 
acetate of copper, yields a precipitate of pinate ql cojiper ; this precijdtate, 
when washed with pure alcohol and digested in a mixture of alcohol ami 
muriatic acid, furnishes a solution from which water throws down the 
pinic acid; when washed and boiled in water, it forms on cooling a hard 
brittle substance, which becomes brown by fusion, passing into what 
Unverdorben calls colophonic acid. When fused with the alkaline car- 
bonates it expels their carbonic acid ; and its ethereal solution decom- 
poses oarhonate of copper with effen escence. Tlic pinaics of ammonia^ 
soda, and i)otassa, arc soluble in water; those of the other bases, insoluble; 
the pinates are mostly insoluble in alcohol, but soluble in ether. 

SiLVic Acid. Tlie resinous residue just mentioned a.H insoluble in 
cold alcohol, is soluble in boiling alcohol; and when this solution is mixed 
with a little sulphuric acid, it yields, on cooling, flat prismatic crystals of 
silvic acid: these two acids constitute nearly the whole of the resin, and 
^cording to Rose, (Dumas, Cli. Jpp. aux Arts, v., 688,) they are 
isomeric; they both consist of 

a MU... 

Carimn .... 40 . . 240 . . 79.0 . . 79.20 

Hydrogen . . . 32 . . 32 . . 

Oxygen .... 4 . . 32 . . 10.5 . . 10.3(> 

1 304 100.0 100.00 

Tliis acid is insoluble in water, fusible at about 212°, soluble in aleoliol 
and ether, and in sulphuric acid; but when its sulphuric solution is 
decomposed by water, the precipitate has the properties of pinic acid. 
'i'he sUvates of potassa, so<la, and ammonia, are soluble in water; the 
sihates of the other bases are insoluble, but they mostly dissolve in alcohol 
and in ether: the silvale of magnesia, especially, is soluble in tdcohol. 
The alcoholic solution of silvic acid yields a precipitate in an alcoholic 
solution of acetate of lead: the silvale of lead is a white fusible powder. 
^Micn alcoholic solutions of silvic acid and nitrate of silver are mixed, no 
precipitate falls; but on the addition of ammonia a white powder is 


* 'fbe xnamifacture of vamlHhes would 
be irrelevant to this work ; there is on ex- 


cellent ariiclo on tlio subject in Aikin^s 
Chemcal DkOmary. 
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thrown down, which is silvaie of silver. It is soluble in alcohol and in 
excess of ammonia. 

Lac is a most useful substance: it lias already been mentioned as a 
source of^a dyc-stulF (p. 940). It may be bleached by chlorine, and then 
forms excellent varnish. It is also the basis of sealing-wax. Red-rvax 
is maile by candully fusing together 48 parts of shell-lac, 19 of Venice 
turpentine, 1 of Peru-balsam, and 32 of fine cinnabar. Black-^tvax is 
coloured with lamp-black: yellow yiiih chromate of lead: with smalt: 

^rven with carbonate of copper. 

Amukr. This substance is commonly regarded as an antedilu'rian or 
fossil resin; it is chiefly brought from the southern coast of tbo Baltic, 
and is tbro^vn up upon the beach between Kbnigsberg and Memel: itsilso 
occurs in beds of brown coal, and of bituminous wood. It is transparent, 
or translucent, and of various shades of j'cllow and brown : its sp. gr. 
fluctuates between 1.06 and 1.07* It is considered by Berzelius as a 
mixture of two resins, bitumen, volatile oil, and succinic acid. AVhen 
lieated it fuses and burns, exhaling a peculiar and somewhat aromatic 
odour. It is used for various ornamental purposes; it is the basis of an 
excellent varnish, but it requires peculiar management to effect its solution 
either in oils or alcohol: oil of amber is used in medicine; but amber is 
chiefly interesting to the chemist as the source of succinic acid^ which is 
exclusively obtmned from it, though traces of tlic same acid are also found 
in the resins of the conifera*. 

SiTcciNic Acin. Tlie small pieces of amber wdiich are inapplicable to 
omainentiil puq>oscs iu*e used by the manufacturers of varnish, and as for 
this purpose the amber is heated or fused, a portion of acid and oil may 
be obtained from it. The common process for the preparation of succinic 
acid consists in subjecting amber to destructive distillation in a proper appa- 
ratus; it fuses, and then a yellowish aqueous fluid, containing acetic acid, 
goes over, followed by empyreumatic oil and succinic acid, part of ’which 
concretes in the receiver. When the matter in the retort suddenly subsides, 
the process may be stopped, for a thick dfirk-colourcd oil wwild follow, 
ivhich w’ould soil the other products ; and ultimately a yellow waxy matter 
would rise, which is yielded by most of the resins, and wdiich has not 
been particularly examined. Amber is apt to be adulterated, when in 
small fragments, wdth pieces of copal, but w hen it is genuine, 16 ounces 
of it yield about half an ounce of acid, 3 ounces of oil, and 10 ounces of 
torrefled resin, iit for sunbcr-vaniish. When the acid is the only object 
of the operation, Julien recommends coarsely po>vdering the amber, and 
mixing W'ith it, previous to distillation, one-twelfth pJirt of sulphuric acid 
diluted with an equal w'cight of water; about twice as much acid, he 
says, will thus be obtained as when the amlwr is merely heated alone. 
{Ann. (f Phil/ii., 76.) 

The acid as at first produced, may be purified by dissolving it in twice 
its weight of nitric acid, and evaporating it to dryness in a retort; a little 
adhering nitric acid may be washed away by ice-cold-water, and pure 
succinic acid remains. Richter recommends, for the purification of this 
acid, the saturation of the sublimed product with potassa, and ebullition 
with powdered charcoal; the solution is tlien filtered, and nitrate of lead 
added ; the resulting insoluble succinaie of lead is decomposed by the requi- 

3 R 2 
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site addition of dilute sulphuric acid, and the solution of succinic acid thus 
obtained, being carefully evaporated, affonls colourless prismatic ciystals 
of the pure acid. 

Wlieii succinic acid is obtained in the form of crystals from its ac|Ucous 
solutions, it is in a h if d rated state; its specific gnivity is l.r^i; its taste 
feebly acid; it is soluble in 3 parts of boiling and about 5 of cold water: 
it is scarcely soluble in cold alcohol, but boiling alcohol dissolves it more 
freely: it is almost insoluble in oil of tui*ji(*iitine, by which it is distin- 
guished from benzoic acid. It is not decomposed by chlorine, nor by 
nitric or sulphuric acid; it is fusible and volatile, and not decomposed by 
sublimation; its fusing-point is higb, and w'hcn it is sublimed it loses a 
part, but not the whole of its w’ater. 

The substances cbiclly employed for the falsification of this acid, are, 
according to Dumas, tartaric acid, bisulpliate of-potassa, and sjd-ammo- 
niac: tartaric acid is discovered by the carbonaceous rosidui* wliieh it 
leaves when heated; the sulphate, by its "want of volatility; and sal- 
ammoniac by tlic odour of ammonia which it gives out when rubbctl 
with lime. 

According to Berzelius, and to F. l)*Arcot, as quoted hy Dumas, 
anhifdrous succinic acid is composed of 

U’ArrH. Itt'izt'liu.. 

Carbon 4 . . 21 . . 48 , . 48.48 . . 47.fi()0 

llydrogCMi . . . . 2 . . 2 . . 4 . . tbUi; . . 4.512 

Oxygen 3 . . 24 . . 48 . . 47.58 . . 47.888 

Anliydroiis succinic acid 1 50 100 100.00 100.00Q 

and the crystallized acid includes an atom of water; so that the equiva- 
lent of the anhydrous succinic acid is 50, and that of the hydrons or 
crystallized^ 59. The symbol of the former being (4 CCLT+ ‘2^+3 0) or 
Sm'-, and that of the latter (4Car+ 3^ + 4 0) or SUC> + q. 

SrcciNATi!:s. In tlie neutral succinates, as in the benzoates, tbe oxygen 
in the acid is to that in the base as 3 to 1. lliey resemble the Iienzoates 
in appearance and in solubility, but the benzoates of lime, baryta, and 
mercury, are more soluble than the corresponding succinates. They are 
decomposed by the stronger acids, and by dry distillation ; in the latter 
case the acid is resolved into water, an oily matter, tind carburetted 
hydrogen and carbonic oxide. 

Succinate of Ammonia forms acicular crystals, which sublime when 
cautiously heated. Its solution has been used as a test for iron, the per- 
oxide of which it throws down from its neutral solutions in the form of a 
reddish-brown precipitate. 

Succinate op Potassa is a very soluble deliquescent salt, crysiallizuble 
with difficulty in small prisms. 

Succinate op Soda forms transparent four and six-sided prisms, con- 
siderably less soluble than the preceding, and permanent in the air. 

Succinate op Lime forms permanent and ^ificultly-solublc crystals. 

Succinate op Baryta is formed by adding succinate of ammonia to 
nitrate of baryta. A portion is thrown down in a pulverulent form, and 
a part, in small crystalline grains. 

Succinate op Strontia maybe formed as the preceding, and presents 
similar properties. It hums with a fine red flame. 
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Succinate of Maonksia is deliquescent and uncrystallizalde. 

Succinate op Manoanii:se liaabcen exaiuiued by Dr. John. (Gelilen’s 
Journal^ iv.) It is crystallizable, and of a slight-red tinge. 

Succinate of Ikon. The protosuccinate is crystallizablc and soluble; 
the persqcciuaie is insoluble, and is thrown down in the form of a brown- 
ish-red flaky precipitate from solutions of the peroxide of iron. This salt 
has been proposed as a means of separating iron in analysis, but in the 
greater number of cases it is inconyenient. 

Succinate of Zinc furnishes long slender crystals. 

Succinate op Tin. The succinic acid dissolves protoxide of tin, and 
forms with it thin broad transparent cr}*stal8. 

Succinate of Copper. Tlic neutral salt is soluble, and when digested 
with oxide of copper yields an insoluble subsuccinatc. 

Succinate of Lead is thrown down in the form of an anhydrous 
powder (Pl+^WC'.) It is soluble in excess of the acid, and yields a 
crystallizablc bimccinatc^ and a basic succinate by the action of ammonia. 

Succinate op Mercury is very difficultly soluble. 

Succinate of Silver forms delicate lamellar crystals. 

SucciNONE. This tenn has been applied to the oleaginous product of 
the destructive distillation of succinate of lime. 

SucciNAMiDE. When ammonia acts upon dry succinic acid, heat is 
evolved, water is given off, and a fusible ciy^stallizable amide is formed, 
soluble in alcohol and water. In its anhydrous state it consists, according 
to lyArcet, of 


Cnrbou 

8 

48 

D'Areot. 

49.93 

Ilvilrogcn «... 

5 

5 

4.98 

Oxygen . . * • • 

4 

32 

31.96 

Nitrogen . • • • • 

1 

14 

14.13 

Anhydrous succiuaniide 

1 

99 

100.00 


The crystallized succinamidc includes 2 equivalents of water; so that 
the symbol of the anhydrous compound being + 40 -f 7i), 

S)l) : that of the hydrated is {^CCLT + 7 A + g O -f 71). 

Caoutchouc. I place this curious vegetable product among the resins, 
though it more strictly belongs to the modifications of hydrocarbon^ for, 
according to Faraday’s analysis, it consists, when deprived of adhering 
impurities, of carbon and hydrogen only. It is obtained from the sap of 
several South American and Oriental plants, more especially from the 
Ilcviva caoutchouc^ the latropha clast ica^ the Ficus Indica and the Arto~ 
carpus iniegri/blia. It first exudes in the form of a milky juice, from 
which the caoutchouc gradually separates. It is insoluble in wnter and 
in alcohol, but dissolves sparingly in washed ether. Some of the liquid 
hydrocarbons soften and dissolve it in a very remarkable manner, and 
yield solutions which have been importantly applied to the manufacture 
of w'atcr-proof clothing, (p. 491.) It is only difficultly acted upon by 
acids and alkalis. It burns in the air with a bright smoky flame: when 
heated it fuses, and remains more or less viscid; subjected to destructive 
distillutioii, it yields a large relative proportion of a highly volatile and 
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inflammable liquid hydrocarbon, the specific gravity of ivliich is only 0.64. 
This product, which is applicable to many useful purposes in the arts, is 
made upon a large scale by Messrs. Enderby of l^ndon: it is a solvent 
of caoutchouc itself, and of other substances used as varnishes. The 
various applications of caoutchouc, in the manufacture of elastic articles 
and other useful products, are as yet probably in their infancy only: the 
consumption of it for water-proof and air-tight textures, is already very 
considerable. 


§ XYI. Bitumeks. Coal. Tar, &c. 

Bitumens are fossil substances, bearing considerable resemblance to oily 
and resinous bodies, from which, and ^m coal, they have probably been 
produced by the action of subterranean fire. The chemical habitudes of 
several of these substances have been investigated by Mr. Hatchett. 
{PkiL Trans.^ 1804.) The following are the principal varieties: 

a. Naputua has already been described as a binary compound of carbon 
and hydrogen, (p. 490.) 

b. Petroleum has most of the properties of naphtha, but is less fluid, 
and darker coloured. In the countries where it abounds, it is employed 
for burning in lamps. By distillation, it afibrds a substance resembling 
naphtha, and mineral pitch, or asphaltum, remains in the retort. 

c. Mineral-tar appears to be petroleum further inspissated. It is 
more viscid, and of a deeper colour. 

d. Maltha, or Mineral Pitch, is a soft inflammable substance, 
heavier than water, and may be considered as derived from the exsiccation 
of mineral tar. 

€. A.SPHALTUM is found abundantly on the shores of the Dead Sea, in 
Albania, and in the island of Trinidad. Its colour is brown or black; it 
is heavier than water, and readily soluble in naphtha. Asphaltum was 
one of the materials used by the ancient Egyptians in embalming; hence 
termed mumia miner alts. At Babylon it was used for mortar. It dis- 
solves in naphthii, and the solution forms a good varnish. 

f. Elastic Bitu.men, or Mineral Caoutchouc, is found only in the 
vicinity of Castleton in Derbyshire, and at Montrchiis in France. It is 
fusible -and inflammable, and when distilled per sCy affords products 
corresponding to petroleum and asphaltum. 

g. Mineral Adipoctre, or IIatchettne, is a fatty matter found 
in the aigillaceous iron ore of Merthyr: it is fusible at about 160^, and 
inodorous when cold, but of a slightly bituminous odour when heated, or 
after fusion. 

The above substances are insoluble in water, and difficultly soluble in 
alcohol, with the exception of naphtha and petroleum, which arc soluble 
in highly-rectified alcohol. Some of them are hydrocarbons, and some 
contain small relative proportions of oxygen. 

h. Retinasphaltum is a substance which accompanies the Bovey-cool 
of Devonshire. 1 have also found it in some of the Stufibrdshire-coal. 
It was first analyzed by Mr. Hatchett, who found it to consist of 65 resin, 
41 s^haltum, 4 earthy matter and loss. 

i. Pit-coal. There arc three chemical varieties of this important 
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substance. 1. The first, or hrown-ooal^ retains some remains of the 
Tegetables from which it has originated. When heated, it exhales a 
bituminous odour, and bums with a clear flame. It is generally of a 
tough consistency, and yields, according to Mr. Hatchett, a portion of 
unsdtered vegetable extract, and resin. 2. The second variety, or black-coal^ 
is the oMinory fuel of this country. It exhibits few or no traces of vege- 
table origin, and consists princips^y of bitumen and charcoal, in variable 
proportions. When exposed to heat, it swells, softens, and burns with a 
bright flame, leaving a small quantity of ashes. Many varieties, however, 
.abound in earthy matter, and these produce copious cinders, and bum 
with a less intense heat. The products of the destmetive distillation of 
this kind of coal have been already described, (p. 495.) The residue is 
a hard, sonorous charcoal, termed coke, and containing the earthy ingre- 
dients of the coal. 3. The third variety, or glance^coal, consists almost 
entirely of charcoal and earthy matter. It bums without flame, and, 
when distilled, yields scarcely any gaseous products. All the varieties 
of common coal contain nitrogen, and afford ammonia when subjected to 
destructive distiUation. In consequence of the enormous quantities of 
pit-coal distilled for the production of illuminating-gas, a part of the 
<!ommcrcial demand for ammoniacal salts is now supplied from that 
source. Dr. Thomson arranges the diftcrent kinds of British coal under 
the following divisions. (Ann. of Phil., xiv.) 1. Caking-coal; 2. Splin^ 
tcrtf-coal; 3. Ckcrnf-coal, which is less hard and more slaty in fracture; 
4. Canncl-coal: such as that from Wigan in Lancashire. These varieties 
he states to be composed as follows; 



Caiting-coni, 

Splint’CoaL 

Cherry-eoat. 

€annd'C<ML\ 

Carbon 

. . 75.2« 

75.00 

74.45 

64.72 

Bytlrogcn 

. . 4.18 

6.25 

12.40 

21.56 

Nitrogen . 

. . 15.96 

6.25 

10.22 

13.72 

Oxygen . 

. . 4.58 

12.50 

2.93 

0.00 


100.00 

100.00 

100.00 

100.00 

llie proportion of nitrogen here given 

appears cnonnous. 

Dr. Ure 

(Phil. Trans. 

1322, p. 407) obtained the following results : 




Cunncfvifof. 




Carbon . . . 

. 72.22 

70.90 



Hydrogen . . 

. 3.93 

4.30 



Nitrogen . . 

. . 2.80 

0.00 



Oxygen . . . 

. 21.05 

24.80 




100.00 

100.00 



Dr. Henry regards Dr. Uro's results, as far as concerns the oxygen, 
to be the most correct, but he always obtained ammonia from both the 
above varieties of coal, and therefore infers the existence of nitrogen, 
though scarcely to the extent given by Dr. Thomson. The following are 
Dr. Thomson s results, as to tho volatile products, coke and ash, in 


1000 jvirta of caking-coal . 

Vvlai^e profhicU, 

. . . 226 

774 

iMSr ML 

15 


. . 362 

847 

95 


. . 477 

S23 

100 


. . . 600 

400 

no 
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* k. Vbm and Timv consist prindpolly the remains of vei^tebles, 
hating undergone comparatately litUo change. They t^eu contain 
hitnminons wood, branches and trunks of ^s, and vegetable extract. 

L MbUiILItb, or IIoneystonb, is a rare substance, found in th<^ brown* 
cool of Thuringia, and in Switserland. It is of a honey-yellow colour, 
crystallized in octoedin, and, when analyzed by Klaproth, was tbund to 
consist of alumina corniced with a peevdiar acid, which has been termed 
Meiiiiic acid. 

MsLLinc Acid is obtained by digesting the native fm Hitate of' aluviina 
ill carbonate of ammonia or potassa, decomposing the resulting alkaline 
salt by acetate of lead, which produces an insoluble mefliiale ^ lentil 
and which, diffused through water, and exposed to a enrrent of sulphu- 
retted hydre^n, yields sulphurct of lead, and the meiiitic acid is set free. 
It has a peculiar sour, bitter, and sweet taste, is very soluble in water and 
alcohol, and ciystallizes in white needles: it is not altered by nitric or 
muriatic acid, but is modified when boiled with anhydrous alcohol : it has 
been analyzed by Liebig andHi^bhlcr (Aon, dc Chim. et xHii., 

200), who consider it, in its aHh\^rous state, as an acid of carbon, com- 
posed of 4 atoms of carbon + 3 sjf ojgigen, and containing, in its hifdraled 
state, I atom of water. So thai^^iu the latt<*r state, it may be represcMitcd 
by (4Cflr+ 40 + A), or (4C6t7*-f- 30-h O). Its analogy to oxalic acid 
is obvious: its salts are less soluble than the oxalates. 

Tar. This term is applied to one of the products of the destructive 
distillation of oigaiiic substances, and is designateil, uocordiiig to its source, 
vegeiable-iar^ coal-iar^ and animal^iar. It is brown or black, of a thick 
consistency, and a strong and peculiar odour, varying witb its source. It 
has been frc*qucntly subji^t of experiment, but bos lately acf|iiire<i peculiar 
interest from the researches of Reichenbach, who has obhiined from it 
several dehnitc compounds, of which the most remarkable are the following: 

1. Parappine. When beech-tar is distilled, three liquids pass into 
the recipient; L a light oil; 2. an aqueous acid; 3. a heavy oil. The 
heavy oii is subjected to several redistillations, and Uien sulphuric acid is 
gradually added to it, till the mixture l>ecomcs a black and thin liquid : and 
if it does not fpontaneonsly rise in temperature to 212^, it is to be heated 
up to that point: the mixture is then kept for tweIvS hours, or more, at a 
temperature of about 122^, when a colourless oil will be found floating 
upon its surface, which is to 1)o carefully poured off, and, on cooling, the 
paraffine concretes upon its surface: it is to be removed, washed, anti 
pressed in folds of hibulous paper, and finally purified by solution in hot 
anhydrous alcohol, from which it separates, on cooling, in a solid form ; 
it is somewhat flexible, and not greasy; ciyslalline, tasteless, and odour- 
less: at 112^ it fuses into a transparent oily liquid, and at a higher 

temperature boils and distUs without change: its vapour bums with a 
white sootless flame. Its specific gravity is 0.870. Its name is derived 
frdm its inertness as a chemical agent, or its wont of afliiiity. (parum 
qjfinU.) It resists the action of acids, alkalis, chlorine, and potassium, 
and cannot be united by fusion with camphor, naphthaline, lienzoifi, or 
^ pitch; but itimitcs with stcarine, cetinc, hces'-wax, colophony, and remlily 
dissolves in oil of turpentine and in naphtha. 100 parts of ether dissolve 
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140 of |i»raffine at the temperatare of *JSP; at a lower temperature the 
solution concretes into a white crystalline mass. It separates from its hot 
alcoholic solution in crystalline lamixue^ when not too concentrated. 
According to J. Gay JLussac (Ann. de Chim. el Phys.^ l. 78,) it is a binary 
compound of carbon and hydrogen, and its elements are in the same ratio 
as those of olefiant gas, &c., but as the density of its vapour has not been 
determined, its atomic constitution, and its equivalent, remain unascer- 
tained. Paraffin^ appears to exist in the fossil wax of Moldavia (Magnus, 
Ann. de Ckm. el Pkys.^ Iv. 217,) and in the product of the distillation of 
bitiimlnous sdbdst. (Laurent ibid, liv., 392.) 

Eupion. This liquid was also discovered by Reichenbach. (Ann de 
Ckim* el Phy».y t. 69.) It is associated with paraffine ; but it is most 
abundant in animal iar^ especially that obtained from horn or bones. 
This tar is distilled, so as to obtain about five-eighths of product, and this 
is again distilled, so as to yield about three-eighths: tliis last product is 
mixed with an eighth of sulphuric acid, opd the lighter yellow liquid 
which then separates is {>oured off, miig^ with its weight of sulphuric acid, 
and distilled ; a colourless liquid pusses over, which is to be mixed with a 
solution of potassa; after some time,,it 4 iie^amtes upon the surface of the 
mixture, when it is to be poured off, mixed with a fourth its w'cighL of 
sulphuric acid, and again distilled, washed with hot solution of potassa, 
decanted off as before, and slowly distilled w'ith water till three-fourths 
have passed over: this ultimate product is placed in vacuo for 24 hours, 
then heated to its Wling-point with a few grains of potassium, and when 
it no longer is at all acted on by that metal, it is allowed to cool imd 
poured from the deposits: it is then eupion. If it contain paraffine, the 
two may bo separated by distillation with wrater, and the first portions 
which pass over are then entirely free from it. 

Eupion is tasteless, colourless, inodorous, very limpid, specific gravity 
0.74; it remains liquid at —4®, and boils at about 340°, distilling over 
without change. It is a non-conductor of electricity. Its vapour bums 
with a pure white flame. It is insoluble in water. 100 pa^ of alcohol 
at 66 ^ dissolve 33 parts, but at a lower temperature the greater part of 
the eupion separates. Acetic ether dissolves about a third of eupion; 
sulphuret of carbon, oil of turpentine, naphtha, and almond and 
olive oil rciidily mi^ with it : it dissolves chlorine and bromine, and again 
evolves them wlien heated: with iodine it forms a blue solution: aided 
by heat it dissolves phosphorus, sulphur, and selenium, but deposits the 
greater portion on cooling. It dissolves naphthalin, camphor, stearin, 
cctine, cholcsterine, and paraffine, at common temperatures, and more 
abundantly when heated. Caoutchouc swells in it, and dissolves when 
heated, but the solution remains glutinous when spread upon a surfiioe, 
except it be dried by heat. The acids and alkalis are without action on 
eupion^ and it is not altered by exposure to air. It has not been 
analysed. Its name is derived from welly and wiw, gl^eusi/y for it has 
the greosincss of a fixed oil. 

Krbosotu, OB Creosote (from flesh and I save.) This 
interesting product was discovered also by Reichenbach, {Ann. de Chim., 
et Phtfs.y liii. 325.) It is obtained from wood-iar^ which is subjected to 
distillation till the residue has the consistency of pitch; but the process 
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should not be ufged too fiir. OtV, and acid water pass oyer; the former 
is separated, and distilled in a glass retort (not to dryness), when two 
products are again obtained, of which the acid water is rejected as before, 
and the oil preserved. In these distillations, the oil which first passes 
over is lighter than that which succeeds, its density augmenting with the 
heat: the lighter oil contains but little kreosote, and comasts chiefly of 
enpion and %hter products: the Aeotiy portion is pale-yellow, but becomes 
br ow n by exposure to air; it has a disagreeable odour, and tastes caustic, 
sour, sweet, and bitter. To this heavy oil, carbonate of potossa is added 
as long as it effervesces; it is then poured off from the produced acetate 
of potassa, and redistilled (not to dryness): the lighter part is again 
rejected, and the heavy oil is now dissolved in a solution of caustic 
potassa of the specific gravity; 1.12: heat is evolved, and an insoluble 
compound of eupion, and other oils, floats upon the surface and is removed. 
The alkaline solution is then gradually heated in an open capsule to its 
boiling-point; it rapidly absorbs oxygen, and becomes brown; it is suffered 
to cool in the air, and then dilute sulphuric acid is added, which causes 
the oil to separate. This oil is now mixed with water and a little caustic 
potassa, in a retort, and the mix^ire subjected to rapid ebullition ; but in 
consequence of the feeble tension of kreosote vapour at 212°, it passes 
slowly over ; at length a period arrives when, although much oil remains 
in the retort, but little passes over, notwithstanding the heat is mised; it 
is then time to stop the process ; the residue contains picamar^ sulphate 
and acetate of potassa, and a browm substance. 

The oil in the receiver is now separated from the water, and again 
dissolved in a similar solution of potassa: a portion of light insoluble oil 
separates as before, which, being removed, the mixture is hcatcMl in un 
open ressed as before, and as it slowly cools, it again becomes brown, but 
less so than formerly; sulphuric acid is then added in slight excess, and 
the evolved oil is washed, as long as it is acid, with cold w^atcr. The 
distillation of this oil with water is again repeated, but, instead of adding 
potassa, a little phosphoric acid is employed to abstract a portion of 
ammonia which the oil still retains. The distilled oil is now, for the 
third time, dissolved in the caustic potassa, and if the precautions above 
described have been attended to, they combine without the separation of 
any oily matter, and the mixture, exposed to air, only acquires a slight 
red tinge. When the kreosote is now ultimately separated from its 
combination with the potassa, it is sufficiently pure for medical use: 
to obtain it absolutely pure, it must be distilled with water, and this 
hydrated product again rec^fied: water first goes over, and aftcrwanls, at 
a high temperature (203° Cent.), the kreosote: to deprive it absolutely of 
water, its vapour must be passed over chloride of calcium. 

1 have copied the above details from Dumas : the process, though not 
difficult, is, as he observes, very troublesome, but methods of improving 
and facilitating it will doubtleiHi be discovered. 

Kreosote^ when pure, is a colourless transparent liquid, of great 
refractive power, a penetiating and strong odour resembling that of 
smoked meat: it has a burxiing caustic taste: its specific gravity is 1.037 
at ; it boils at 397® (203° Cent.); and retains its fluidity at - 17®. 
It is a non-conductor of electricity, and it burns with a very sooty flame. 
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When mixed with water, two solutions result; the one consisting of 1.25 
kreosote -f 100 water ; the other, of 100 kreosote -f 10 water. The aqueous 
solution is neither acid nor alkaline. 

Pure kreosote dissolves oxide of copper, forming a brown solution; 
when boiled with peroxide of mercury, it is reduced, and the kreosote 
converthd into a resin. It produces effervescence and red fumes with 
nitric acid: it absorbs chlorine and is gradually changed by it into a resin. 
It is coloured by bromine, «iodine, sulphur and phosphorus. With potas- 
sium it evolves gas, and potassa is formed, which combines with the 
kreosote. It is thickened and blackened by concentrated sulphuric acid. 
Acetic acid is its most perfect solvent. It forms two compounds with 
potassa; the one anhydrous, liquid, and of an oily consistence; the other 
hydrated, and crystallizable in nacreous plates. All the acids decompose 
these compounds, and separate unaltered kreosote. With soda it produces 
similar combinations. It also combines with ammonia, lime, and barjrta. 
It dissolves many salts. Alcohol, ether, sulphuret of carbon, eupion, 
naphtha, and acetic ether, dissolve it in all proportions. It does not 
combine with pure parafiine. It dissolves the resins, and all colouring- 
matters, including those of cochineal, sauiiders-wood, dragons'-blood, 
niiidder, saffron, and with the aid of heat, indigo. Its action upon 
Caoutchouc, unlike that of eupion, is very feeble. 

Kreosote immediately coagulates egg-albumen, although much diluted ; 
it also coagulates serum. Meat and fish are preserved after having been 
brushed over with kreosote and dried in the sun; and it appears to be the 
principle to wducli the antiseptic po^vers of wood-smoke, and pyroligneous 
iicid, are due. Its action upon the animal system is energetic; it is 
painful upon the tongue, destroys the epidermis, and kills fishes and 
insects: it also destroys vegetation. It is medicinally employed in tooth- 
ach, cancer, ulcers, and cutaneous diseases, externally; and to check 
hicmorrhage ; and internally as a stimulant, and for the prevention of 
nausea and vomiting. Three or four drops, added to a pint of ink, 
effectually prevents its mouldiness. According to Ettling, {Ann de Chinu 
ct Pln/x.^ liii. J133,) it consists of 77*42 carbon, 8.12 hydrogen, 14.46 
oxygen ; but, as it probably retains a variable portion of water, its atomic 
constitution cannot be accurately inferred. 

PiCAMAR. This is the bitter principle of tar ; whence it derives its 
name amarum,) It is contained in the heavif oil of wood-dar ; 

that portion, the sp. gr. of w’hich exceeds 1 .095, is mixed with 8 parts of 
n solution of potassa, sp. gr. 1.15, and left to itself: a layer of impure 
eupion and paraffine separates upon the surface, after which the liqueur 
clears, and in 24 hours deposits brilliant acicular or lamellar cryst^; 
those arc dried between folds of blotting-paper, and repeatedly dissolved 
in boiling solution of potassa, till the mother-liquors are colourless, and 
the crystals buff-coloured ; they are then decomposed by dilute phos- 
phoric acid, which combines with the potassa, and separates a brownish 
limpid oil, which, after having been two or three times redistilled with 
water acidulated by phosphoric acid, is ultimately carefully rectified 
without addition. The product thus obtained is picamar. It is almost 
colourless and transparent ; its consistency is that of oil, and it is greasy. 
It is insupportably bitter, with an aroma like pcpiiermint; its sp. gr. is 
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1.10 at 65^. It boils at 546% being less volatile than kreosotc. Nitric 
and hot sulphuric acid decompose it : it dissolves in acetic acid, and is 
the source of the bitter flavour of crude pyroligneous acid. It is soluble 
in all proportions in alcohol, and in sulphuric and acetic ether, and in 
kreosote. It neither dissolves paraffine, asphaltum, nor amber : it takes up 
caoutchouc when hot, but deposits it again on cooling. It forms crystal- 
lizable compounds with potassa, which are almost insoluble in pure 
alcohol : weak alcohol dissolves the crystals when hot, but deposits them 
again as it cools. When impure, these crystals gradually become bro^vn 
or blue. It also combines with ammonia, soda, lime, and baryta, but the 
bases are not neutralized in any of these compounds. Picamar reduces 
red oxide of mercury to the metallic state, and minium to the state of 
protoxide. 

PiTTACAL. When a few drops of baryta- ^'ater are added to an 
alcoholic solution of impure picamar, or even of oil of tar, deprived of its 
acid, the liquor immediately assumes a bright-blue tint, which in a few 
minutes passes into an indigo colour. Dumas considers this substance 
identical with a blue product obtained, in 1827, from coal-tar, by JMM. 
Barthe and Laurent. Keichenbach gave it the above name, from firiTla, 
pitchy and ornament. 

The mode of separating pittacal has not been clearly described: 
Dumas states, that when precipitated in a flocculent state from its solu- 
tions, or obtained by evaporation, it closely resembles indigo, and, like it, 
acquires a coppery hue when rubbed : it is inodorous, tasteless, and not 
volatile: at a high temperature it becomes charred without evolving 
ammonia. It is decomposed by nitric acid ; miuiatic and dilute sulphuric 
acid dissolve it; and it is abundantly soluble in acetic acid, forming a red 
liquid, which, when saturated by an alkali, becomes of a bright blue. 
Bcichenbach represents it as a more delicate test of acids and alkalis tlum 
litmus. It is insoluble in alcohol, in ether, and in cupion. With acetate 
of lead, protochloride of tin, ammonio-sulphate of copper, and acetate of 
alumina, it yields a fine blue colour with a tint of violet : these combina- 
tions may probably be useful as dye-stuffs, for they are not affected by 
air or light. It is smd, like indigo, to contain nitrogen, but its ultimate 
composition has not been accurately determined. 

Capnomor, (*ta7r>o<, smoke, and fJLotfa, part, because it forms part of 
wood-smoke.) This is a colourless transparent liquid of a pungent and 
rather agreeable odour, which occurs with the above products in the 
heavy oil of tor. When that oil is digested with solution of potassa, the 
kreosote, picamar, and pittacal are taken up, and capnomor, wdth a little 
eupion floats upon the surface: this is separated and mixed with sul- 
phuric acid, which dissolves the capnomor and leaves eupion; carbonato 
of potassa separates the capnomor from its acid combination, and it is 
purified by distillation. Its specific gravity is 0.975 : it boils at 305^. 
It is insoluble in water and the alkalis, but soluble in alcohol, in ether, 
and in eupion. Its composition has not been determined. 

The above is an outline of the histoiy of the extraordinary products 
contained in tar: when considered in reference to the various hydro- 
carlions already noticed, sis produrible from cosil-tar, and by the 
destructive distillation of resins sind oils, the whole subject acipiires u 
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considerable degree of interest, and leaves little doubt that the apparent 
complexity and incongruity which hangs over the inquiries as they now 
stand, will be done away by the ftirther examination of their mutual 
relations, and by the attainment of more exact views of their ultimate 
and atomic constitution. 


§ XVII. VEGETABLE ACIDS. 

This Section will be devoted to the tartaric^ oxalic^ ciiric^ and malic 
acids^ which are the principal of those found ready-formed in our common 
fruits, and arc of important application in the arts and domestic economy, 
and to a few other acids of more rare occurrence, or which, by analogy, 
may be ranked with the above. 

I. TARTAnic Acid. Sclicele £rst obtained cr^^stallized tartaric acid 
in the year 1770. It exists free in the pulp of tamarinds, in grapes, and 
in the pepper-plant : as tartar^ in tamarinds, grapes, mulberries, and 
samphire; in the root of wheat (Triticum repen s)^ and of dandelion 
{Leontodon laraStacum)^ in the berries of sumach {Ukiis coriaria\ and in 
the rhubarb-plant, the potato, madder, and Iceland-moss : as tartrate o/* 
lime in squills, ma<Uer-root, quassia-wood, the fruit of Rhus typhinum^ 
and the tubercles oi the Helianthns tuberosus, (Gmelin.) 

Tartaric acid is generally obt^ed from the hitartrate of polo ssa. 
Mix 100 parts of this Sidt in fine powder with 30 of powdered chalk, and 
gradually throw” the mixture into 10 times its weight of boiling water : 
when the liquor has cooled, pour the whole upon a linen strainer, and 
wash the w'hitc pow*der which remains with cold W”ater : this is a tartrate 
if lime ; diiluse it through a sufficient quantity of w”ater, add sulphuric 
sicid equal in weight to the chalk employed, and occasionally stir the 
mixture during 24 hours ; then filter, and carefully evaporate the liquor 
to about one-fourth its original bulk; filter again, and evaporate wdth 
much care nearly to dryness ; redissolve the dry mass in about six times 
its weight of water, render it clear by filtration, evaporate slowly to the 
consistency of syrup, and set aside in a wurm place to ciy’stallize. By 
two or three successive solutions and crystallizations, tartaric acid will 1^ 
obtained in nearly colourless crystds ; they may be perfectly w’hitened by 
the aid of a little animal charcoal. Tartaric acid may also be obtained 
by neutralizing I part of tartar by carbonate of potassa, and digesting the 
solution for an hour with 8 parts of quicklime, decanting the liquor (wrhich 
contains caustic potassa) washing the residue with dilute acetic or muri- 
atic acid to free it from excess of lime, and then decomposing it by dilute 
sulphuric, as above. {Osann,) Dr. Henry states, that in this process the 
free potassa prevents the precipitation of the tartrate of lime. Fab- 
broni obtained tai-taric acid by adding excess of pow”dcred tartar to a 
boiling mixture of 1 part of sulphuric acid and 3 of water ; the solution, 
on cooling, deposits some tartar and sulphate of lime, from which it is 
poured off and evaporated to a small bulk ; alcohol is then added, which 
dissolves out the tartaric acid, and leaves bisulpliate of potassa. (Ann. de 
Ckim. ci Pht/s.^ XXV., 9.) Tartaric acid may also be obtained by decom- 
posing tartrate of lead^ diffused through w^ater, by sulphuretted hydrogen. 
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Crystallized tartaric acid is intensely soulr : its specific gravity is 1 .G : 
it is generally semitransparent, and of complicated forms : these appear to 
be nm^ifications of a rhombic prism. (Brooke, Ann, of Phii.y 2nd series, 
vi., 118. Peclct, Ann, de Chhn, et Phys,^ xxxi., JS.) It is not altered 
in a dry atmosphere, but in humid air it tends to deliquescence. At a 
little above 212^ it melts into a transparent liquid, boils at 250^, and, on 
cooling, concretes into a granular mass, which is more deliquescent than 
the original acid. If the heat be continued, it becomes yellow, exhales a 
peculiar, odour, and begins to be decomposed. Water dissolves II) its 
weight of tartaric acid at G0°, and twice its weight at 212°. The con- 
centrated solution has the consistence of syrup. The solubility of this acid 
is, however, variously stated, and it is not easy, under common circum- 
stances, to dissolve more than 1 part of the crystals in 4 or 5 water, but 
when a boiling solution is cooled to 60°, it retains much more. It is also 
soluble in alcohol. The aqueous solution of tartaric acid soon becomes 
mouldy, and suifers decomposition. Boiled in nitric acid, tartaric acid is 
partly converted into oxalic acid; and sulphuric acid converts it into 
acetic. It becomes converted into oxalic acid by fusion with potassa. 

AVhen tartaric acid is submitted to destructive distillation, it siffords 
a bronm acid liquor, containing an oily matter, acetic acid, pyroacctie 
spirit, and p^TOtartaric acid. If this liquor, after having been ]>asscd 
through a wet filter to separate the oil, be saturated with carbonate of 
potassa, and evaporated to dryness, a saline mass is obtained, which, after 
having been twice or thrice redissolvcd and crystallized, is rendered fro(‘ 
from foreign matter. If this salt be distilled with sulphuric acid, diluted 
with its weight of wntcr, an acid liquor passes over, succeeded by a white 
sublimate of pure pyrolartnric acid, Bose, who has examined the pro- 
perties and combinations of this body, considers it as a distinct acid ; the 
pyrotariraies of ammonia^ potassa^ soda^ baryta^ strontia^ and /iwr, are 
very soluble. The p}TOtartaric acid occasions precipitates in acetate of 
lead, and in nitrate of mercuiy, and is thus, according to Rose, distin- 
guished from tartaric acid, which only throws down the former ; — ^but 
this is not a correct distinction. 

Tartaric acid is distinguished by the white granular precipitate wdiich 
it produces when added in excess to solutions containing potassa. It pro- 
duces a white precipitate, soluble in excess of acid, in lime, baryta, and 
strontia-water, and in acetate of lead. It is used in calico-printing, <and 
is much employed as a cheap substitute for citric acid in lemonade and 
effServescent solutions : in the laboratoiy it is used as a test of the salts 
of potassa, and to prevent the precipitation of certain oxides, as that of 
antimony, and the titanic acid. 

Tartaric acid, as it exists in anhydrous combination with bases, may 
be represented by the equivalent 66, (66 Thomson, 66 Gmelin, 66.48 
Turner,) and its hypothetical composition in reference to this atomic 
weight will be ( 4Ca7*+ s A+ sO), or 

Uorteliui. 

Ckrbon .... 4 . . 24 . . 30.36 . . 30.080 

Hydrogen ... 2 . . 2 . . 3.08 . . a807 

Oxygen .... 5 . . 40 . . 60.01 . . 60.213 

I 66 160.00 160.000 
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The crystallized acid is constituted of 


Anhydrous tartarie acid •• 

. 1 

66 

88 

Rerfelitts. 
.. 88.06 

Water 

. 1 

9 

.. 12 

.. 11.94 


1 


100 

.100.00 


Tautrate op Ammonia {tar^+A) forms very soluble prismatic 
crystals, of a cooling taste. The addition of tartaric acid to its aqueous 
solution, produces a precipitate of a difficultly-soluble hilartrate of 
ammonia. When a saturated solution of tartaric acid is added to 
strong liquid ammonia in such proportions as to form the bitartratc, the 
liquids solidify with great rise of temperature. 

Tartrate of Potassa (to7*'+P) is formed by saturating the excess 
of sicid in tartar^ by potassa. The resulting salt is soluble in less than 
twice its weight of water, (hence, in opposition to the bitartratc, termed 
soluble tartar.) It crystallizes in four and six-sided prisms with diedral 
summits, but its primitive form is a right rhoinboidal prism. (Brooke, 
Afin. Phtl.^ N.S.^ vii., IGl.) Its taste is saline and bitter, and it is u, !’d 
in medicine, (formerly under the name of Tartarus tarlarisalus) as an 
aperient. It is slightly deliquescent, and almost insoluble in absolute 
nlcoliol. Most acids occasion a precipitate of bitartrate of potassa when 
added to the aqueous solution of this salt. Tartrate of potassa is anhy- 
drous, and consists of 


Potassa . . 

. 1 

48 

42.1 

Thomson. 

... 42 .. 

Rewlins. 

. 41.31 

Tartaric acid 

. 1 

66 . 

57.9 

- . 68 

58.69 


— 

— 







1 

114 

100.0 

100 

100.00 


Bitartrate op Potassa; SrPERTARTRATE or Potassa; Tartar. 
{itCLT^'\-V.) This substance exists in considerable abundance in the 
juice of the grape, and is deposited in wine casks in the form of a crys- 
tallized incrustation, called argot, or c/ude tartar. It is purified by 
solution and crystallization, which renders it perfecty white : when in 
fine powder, it is teniied cream of tartar. The purification of tartar at 
Montpellier is performed as follows ; — It is first dissolved in boiling w'ater, 
and crystallized ; these crystals arc then boiled with one-twentietli their 
weight of pipe-clay, (and the same quantity of animal charcoal?) which 
absorbs the colouring-matter, and falls as an insoluble sediment, the 
crystals of pure tartar separating afterwards upon the surface of the 
liquor, and upon the sides and bottom of the boiler ; the term cream of 
tartar wjis originally applied to the imperfectly-crystallized superfici^ 
crust. Tlie details of this process are described by M. Fizes, {Mimoires 
de rAcadihnie, 1725,) and it is still carried on upon the same plan. The 
Venetiiui process for the purification of tartar consists in the separation 
of the grosser impurities by one or tnro preliminary solutions and crystal- 
lizations, after which, white of egg and wood-ash arc added to the boiling 
solution of the crystals, and the impurities skimmed ofiF during the effer- 
vescence which ensues. (Desmaret, Journ. de Phys., i., 67.) 

Bitartratc of potjissa may be formed artificially by adding excess of 
tartaric acid to a solution of potassa. The mixture presently deposits 
crystalline grmns, and funushes a striking example of the diminution of 
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solubility by increase of acid in the salt. Upon tbis circumstance, the 
use of tartaric acid as a test for potossa depends, for soda forms an eosily- 
soluble supertartrate, and consequently ai!bi*ds no precipitate. 

Its crystab, %vblch ore irregular six-sided prisms, terminated by 
bexaedral summits, or triangular prisms with diedral summits, have been 
described by Dr. Wollaston, (Thomson’s Annals^ x., 37,) and by Mr. Brooke, 
(^Ann. of PkiLj N. S., vii., 161.) They include one proportional of 
water, which is not separable at a heat much below that at which the 
acid of the salt begins to be decomposed. Tlicy arc hard, and taste 
mtty and subacid. 

^ The specific gravity of this salt is 1.95. It requires 95 parts of water 
at 60^, and 15 parts at 219"^ for its solution. It is rendered much more 
soluble by the addition of boracic acid or of borax, ^ was first observed 
by Lc Fevre. (Mem. Paris^ 1732.) Two parts of borax, and five of 
crystals of t^ar in powder, arc soluble in about six times their weight 
of boiling water; on evaporating the solution to the consistency of honey, 
the residue concretes into Le Fevre s soluble cream^ of tartar^ or sabgtm- 
tnosum. It is the iarfarus boraxalus of sonic old writers. When 
exposed to heat, tartar fuses, blackcni^ and is decomposed, and carbonate 
of potassa is the remaining result. Provided the tartar be free from 
lime, which however is seldom the case, this furnishes a good process for 
obtaining pure fdrbonaie of potash. By destructive distillation, Four- 
croy and Vauquelin obtained the following residuary substances from 
1000 grains of crjstals of tartar. (Ann. de Chim.^ Ixiv., 43.) \ 


Carbonate of potassa . . 350 
Carbonate of lime ... 6 

Silica 1.2 


Alumina 0.25 

Iron and manganese . . 0.75 


The aqueous solution of tartar becomes mouldy when exposed to air, 
and the tartaric acid being entirely decomposed leaves a wciik solution of 
carbonate of potassa. Tartar sometimes acts as a simple acid, and 
dissolves oxides insoluble in most other acids ; hence Gay Lussoc has 
suggested its use in certain analyses. (Ann. de Chim. ct Phys.^ iii., 281.) 
By the action of excess of caustic potassa, at high temperatures, tartar 
is converted into oxalate of potassa. The component parts of tarhir 
render it an excellent flux in the reduction of metallic ores u|ion a small 
scale, its alkali promoting their fusion, and the csurbonaceous matter 
tending to reduce the oxides. Tartar is sometimes adulterated by the 
addition of pounded quartz, and by calcareous spar ; the fonner may be 
detected as an insoluble residue by boiling the powdered tartar with lialf 
its weight of carbonate of potassa or of borax in 8 parts of water ; the 
latter produces effervescence with dilute muriatic acid. A small portion 
of tartrate of lime is almost always present in the purified tartar ; it 
separates in tufts of acicular crystals from the hot solution of the tartar. 

Tartrate op Potassa and Ammonia is fdrmed by saturating the 
excess of acid in tartar with ammonia. It fbrw transparent four and 
six-sided prisms, very soluUc in water, and wlpb effloresce and lose 
ammonia by exposure to air. 

Tartrate OP Soda (tor^+S) forms acicular crystals, soluble in about 
their cam weight of water, and insoIuUe in absolute alcohol. They 
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contain, according to Bucholz, 16 per cent. (2 equivalents) of water. 
When their aqueous solution is mixed with half their weight of tartaric 
acid, it yields small prismatic crystals of hitarlrale of soda^ of an acid 
taste, soluble in 8 parts of cold and 1.8 of boiling" water, and containing 
a]^out 15 per cent, (3 equivalents,) of water of crystallization. (Gehlen’s 
Journey V., 520.) Tartrate of soda is often formed extemporaneously by 
dissolving equal parts of powdered tartaric acid and of bicarbonate of 
soda, in sepsirate portions of water, and then* mixing the solutions ; if 
taken during the effervescence, it forms a refreshing saline and slightly 
aperitnit draught. ^ 

Tartrate op Potassa and Soda + is prepared by 

saturating the excess of acid in tartar, with carbonate of soda ; it is the 
soda tartarizala of flic Pharmacopoeia ; it forms prismatic crystals, the 
forms of which liavc been dcscribt?d by Mr. Brooke. (Ann qf PhiL N. 

V., 451.) It has long been used in pharmacy under the name of Rochelle 
Sail and Svl de Seignelle. The crystals arc soluble in about 5 parts of 
cold water, and consist of 






Schul/e. Vauqnrfin. 

Potassa. . . 

. 1 . 

48 

. . 15.9 . 

. 14.3 Tartrate 1 , , 

, . 13.3 afPutassaJ 

Smla . . . 

. 1 . 

. 32 

. . lO.C . 

'IVirturic acid 

. 2 . 

. 132 

. . 4.3.7 . 

. 41.3 Tartrate ) 

. 31.1 of Soda J ■**' 

Water . . . 

. 10 . 

. 90 

. . 29.8 . 


1 

302 

100.0 

100.0 100 


Tartrate of Ltthia is easily soluble; when its solution is evaporated 
it affor<ls a white uncrystallized ina.ss, opaque and not deliquescent. 
Excess of tartaric acid does not give a crystallizable bitartrate. Tartrate 
iff Potassa and LithiUy formed by saturating tartar with carbonate of lithia, 
udbrds (piadrangular prismatic ciystals, easily soluble, and very slightly 
cfHorescciit. Tartrate of Soda and Lithia forms rectangular four-sided 
prisms, easily soluble, slightly efflorescent, and of a pure saline flavour. 
(C. (fineliii.) 

Tartrate of Lime is nearly insoluble in cold winter, but soluble in 
6(K> parts of boiling water ; it is produced by adding chalk to tartiur, as 
in the process for obtaining tartaric ludd, w'here it is decomposed by 
sulphuric acid. It dissolves* sparingly in excess of tartaric acid, and may 
be obtained from such solution in small silky crystals. It is often con- 
tained ill rough and purified tartar, and forms tufts of acicular crystals 
when tartar is saturated by bases. Dilute muriatic acid dissolves and 
decomposes it : if this solution is saturated by ammonia, the tartrate of 
lime is reproduced, and crystallizes after some hours in acute octoedra. 
{Solution of potassa dissolves tartrate of lime, and when concentrated by 
evaporation becomes gelatinous, but liquefies on cooling. (Dumas.) Tar- 
trate of lime, after desiccation at 212^ consists of 


f.iino .... 
'fartaric acid .1 
Water . . . . 


. . 20 . . 

. . t)(i . . 

, . 30 . . 


G»y f.uflsae 
Roneliiift. and TUenard. 


21,40 . , 21.04 . • 

50.85 . . 50.651 

27.70 . . 27.81 J • 


22.423 

77.577 


I 


130 


100.00 


1CK1.00 


100.000 
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Tartrate of Potassa and Lime may be formed by adding lime-vrator 
to solution of supertartrate of potassa, till it begins to become turbid : in a 
few days acicular crystals of the triple salt are deposited, which efiSorescc 
when exposed to air ? 

Tartrate of Baryta is a difficultly-soluble salt. When 

carefully dried it is anhydrous: it is distinguished from sulphate of 
baiyta by its solubility in muriatic, nitric, and acetic acids, and by its 
destructibility by heat. 

Bitartrate of Baryta forms transparent crystals, consisting of two 
proportionals of tartaric acid (66x2)= 132, one of baryta = 77 ? 
two of water (9 x 2) = 18. (Tliomson.) 

Tartrate of Strontia is thrown dowm, after some hours, on mixing 
the solutions of tartrate of potassa imd nitrate of strontia. It dissolves 
in rather more than 300 psirts of boiling w'ater, and forms small rlioiu- 
boidal ciystals as the solution cools. (Vuuquelin.) It consists of 1 atom 
of tartaric acid, 1 of strontia, and 3 of water. (Thomson.) 

Tartrate op Magnesia is precipitated from the sulphate by tartaric 
acid : it is soluble in excess of tartaric acid, and forms a crystallizablc 
salt. When dried at 60^ it consists of one proportional of anliydrous 
tartrate, and two of water. There is also a bitartrate of magnesia. 
(Thomson.) 

Tartrate of Manganese, formed by dissolring protoxide of manga- 
nese in tartaric acid, is a soluble siilt, and therefore not immediately 
precipitated by adding tartaric acid, or a neutral tartrate, to protochloride 
or protosulphate of manganese. When hot solutions of protocliloride of 
manganese and tartrate of potassa are mixed, small crystals are deposited 
on cooling, which are resolved by boiling w’ater into a soluble super- 
tartrate and an insoluble basic salt. (L’faff.) The crystals consist of 
(toT^'+MAN-l- 2 ^.) Thomson. When the protosalts of manganese are 
mixed with tartar the oxide is not throwm down by pure or carbonated 
alkalis. (II. Rose.) When tartaric acid and peroxide of manganese iirc 
boiled together in water, carbonic acid is evolve<l, and a colourless solution 
of prototartrate of manganese is obtained. Formic acid is also produced 
during the action of the acid and oxide, ((luarterfi^ Journat^ xiv., 232.) 

Tartrates of Iron. Tartaric acid acts upon soft iron with the 
disengagement of hydrogen gas, and a difficultly-solublc prolotartrate of 
iron, nearly white, and pulverulent, is formed. At a dull red-heat, this 
tartrate readily takes fire, and bums slowly away like tinder, the iron 
becoming peroxidized. It will probably form a vsiluablc a^ldition to the 
Materia Medica. (Ure, Quarterly Journal^ Oct.y Dec.y 1829.) When 
hot and strong ^^utions of tartaric acid and protosulphato of iron are 
mixed, white foHted crystals of prolotartrate of iron are deposited 
on cooling: this salt requires 400 parts of cold water for solution. 
(Dumas.) It has a slightly inky taste, and consists of ( Fe + s^«) 

(Thomson.) 

Tartaric acid has scarcely any action upon the red oxide of iron, but 
a p^arlrate iron may be obtained by mixing the liquid red sulphate 

of iron with tartrate of potassa, in equiralent proportions. Sulphate of 
potassa precipitates in a crystalline powder, (the solutions being suffici- 
ently concentrated,) which may be separated from the blood-red liquid 
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pertartrate of iron by filtration. Alcohol forms a treacly precipitate in 
this solution. 

Tartrate of Iron and Potassa. When 1 part of iron-filings and 4 
of tartar arc digested together with water, a greenish, astringent, and 
difiicultly-soluble salt is formed : it is not decomposed by pure or car- 
bonated alkalis, but by sulphuretted hydrogen. (Thenard.) By long 
exposure of the mixture of tartar and iron to air, or by mixing 1 part of 
soft iron-filings with 4 of tartar into a thin paste with water, and digesting 
for some weeks, till the acid is neutralized, fresh portions of water being 
occasionally added to prevent exsiccation, a dark-brown unerystallizable 
compound is obtiiined, the solution of which has been used in medicine. 
It is not decomposed by the alkalis. The pertartrate of iron and potassa 
is best obtained by digesting recently-precipitated hydrated peroxide of 
iron >ntli bitartratc of potassa and water. It dissolves in alcohol. 

Tartrate of Zinc is formed by adding tartrate of potassa to sulphate 
of zinc, and is a very difficultly soluble compound. Wlien oxide of zinc 
is dissolved with tartar the solution is not affected by the alkalis, but their 
sulphurcts throw down the whole of the zinc. 

Tartrate of Tin. Tartrate of potassa occasions a white prccij)itate 
in the neutral protomuriate and permuriate of tin. Tartrate of potassa 
€ind tin^ formed by boiling the oxide in solution of tartar, is very soluble; 
the addition of alkalis and their carbonates occasions no precipitates. 
(Tlienard, Anti, de Cliim., xxxviii.) 

Tartrate op Copper is produced by adding tartaric acid to sulphate 
of copper. It forms a blueish-greon crystallized precipitate. When tar- 
tiiric acid is added to a solution of the neutral tartrate, a more difficultly 
soluble hitartrafe fidls. 

Tartrate of Potassa and Copper is formed by boiling hydrated 
oxide of copper and tartar in water; the solution yields blue crystals on 
evaporation ; or if boiled to dryness, furnishes one of the pigments called 
Urn ft sir recti . 

Tartrate of Lead is thrown down in the fonn of an almost insoluble 
white crystalline powder, on adding tartaric acid to solution of nitrate or 
acetate of lead: it is soluble in excess of carbonic acid. When this tar- 
trate is heated to a dull-red in a glass tube, it acquires a brown colour; 
and, when cool, forms, as was first remarked by Dr. GoWI, a very perfect 
pyraphorus^ which immediaitely intiaiiies on being shaken out mto the 
air. This property appears to depend upon the rapid oxidizeuient of the 
ininutely-divithMl incUillic load ; or, perhaps, a very oxidizahle carburet of 
lead may Im‘ formed. Tjirtratc of lead is compost'd of 







^Thoimuui. 

Biicholi. 

Oxido of load . . 

. . 1 . 

112 

. (>*2.92 

. C^2.5 

: 62.56 

. 63 

Tartaric acid . . 

. . 1 . 

ao 


. 37.5 

. 37.44 

. 37 

* 

1 


100.00 

100.0 

lOO.lMl 

100. 


Tartrate of Potassa and Lead is formed, according to Thenard, by 
Imiling a mixture of tartar and oxide of lead in water. {Ann. de. Ckim.^ 
xxxviii.) It is an insoluble white powder, not decomposed by the alkalis 
or sulphuric acid. 

Tartrate op Antimony. Protoxide of antimony dissolved in tar- 

3s2 



TAHTRATES. 


m 

taAc acid yields a very soluble, deliquescent, and difiicuUly-crystalUzablc 
salt. 

Tartrate op Antimony and Potass a; Emetic Tartar. This com- 
pound may be obtained by boiling protoxide of antimony, obtained by 
any of the processes formerly described, ivith pure supertartrate ofpotiissa. 
Emetic tartar is usually prepared by boiling a solution of 100 parts of 
tartar with 100 parts finch/ levigated glass of antimony (or other prot- 
oxide); the ebullition sliould be continued for half an hour, and the 
filtered liquor evaporated to about half its bulk, and set aside to crystal- 
lize; octoedral cry stals (Brooke, o/* jP/iiV., N, *V., vi., 40) of the 
emetic salt are thus obtained; and there is generally formed along with 
them a portion of tartrate of lime and potassn, which is deposited in small 
radiated tufts, easily separated when the mass is dried. 

Emetic tartar is a white salt, slightly efflorescent, soluble in about 14 
parts of cold, and 2 parts of boiling water. Its solution is rendered turbid 
by muriatic, nitric, and sulphuric acids, but not by the fixed alkalis: the 
fixed alkaline carbonates and lime-^watcr decompose it. Infusion of galls 
and many other vegetable bitter and <astringent infusions form a precipi- 
tate in solution of emetic tartar, which is generally said to be inactive, 
and hence decoction of bark hiis been recommended as an antidote to its 
effects. Solution of sulphuretted hydrogen only precipitates wry strong 
solutions of emetic tartar; weaker solutions are merely reddened by it. 
It is decomposed by liydrosulphuret of ammonia: among the metals, iron 
only throws down the whole of its antimony. At 212'^ the crystals lose 
about 2 per cent, of water; at a higher tempenitiiro about 7 ^ rent. 

Heated to redness, out of the contact of air, it furnishes a highly-p}Tophoric 
residue. This salt (crystallized) consists of 


Protoxide of .antimony . 

2 

154 

. 42.8 

. 42.‘M> , 

K. 

43.35 

Potassa 

1 

48 

. 13.3 

. 13.28) 

40.25 

Tartaric acid .... 

2 

132 

. .38.(1 

. .mci / 

Water 

3 

27 

7.8 

. ri.i4 . 

7.40 


1 

.381 

100.0 

100.00 

KMKOO 


Tartrate op Btsmittii has not been examined, but moist oxide of 
bismuth, boiled with tartar, forms a diflicultly-solublc triple fwdt. 

Tartrate of Cobalt. Tartrate of potassa forms no precipitate in 
solutions of cobalt, but their colour is much heightened by it. Hoist oxide 
of cobalt is soluble in tartaric acid, and the solution furnishes red crystals 
on evaporation. 

Tabtr.vte of Uraniij.m is a veiyscduble salt, not easily crysUillizablc. 

Tartrate of Titanium appears to be a soluble compound. 

Tartrate of Cebiu.m, according to Ilisingcr and Berzelius, is formed 
by adding tartrate of potassa to sulphate, nitrate, or muriate of cerium. 
It is a soff, tasteless powder, soluble in nitric, muriatic, and sulphuric 
acids, and in tbc alkalis. 

Tartrate of Nickel, formed by digesting moist oxide of nickel in 
tartaric acid, is a very soluble salt; tartaric acid occasions no precipitate 
in the soluble salts of nickel. 

Tartrate op Mercury. Tartaric «cid occasions white precipitates 
in all tbc solutions 'of the oxides of mercury, not containing excess 
of acid. 
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Tartrate op Potassa and Mercury is formed, according to The- 
nard, by adding solution 9f tartar to protonitrate of mercury; and an 
analogous salt of the peroxide may be obtained by boiling it in a solution 
of tartar. 

Tartrate of Silver. Tartaric acid occasions no change in nitrate of 
silVer, but tartrate of potassa forms a white precipitate, which is probably 
a tartrate of silver, 

I'artrate of Silver and Potassa is thrown do^vn by adding tartar 
to nitrate of silver. 

Tartrate op Silver and Antimony. The precipitate which falls on 
bidding nitrate of silver to a solution of emetic tartar, consists of 


Oxide of Silver 

1 

118 

28.0 

Wallquist, 

27.31 

Trottixidt* of antimony . 

2 

154 

36.5 

36.04 

Tartaric ai*id 

2 

132 

31.3 

31.50 

Water . . . . 

2 

18 

. 4.2 

4.25 


1 

422 

• 100.0 

100.00 


Tartrate op Alu:\iixa is a soluble uncrystallizable compound of an 
astring<*nt llavour: it is not deliquescent. It exists in the Lycopodium 
complumitum^ an infusion of which may be used as a mordant. 


II. Oxalic Acid. This acid, w’hich was discovered by Schcolo, is 
I’ound in some fruits, and in considerable quantity in the juice of the 
(hafts' acvioaclfa or mxxLsorrcI^ in the ttumex acetosa or common 
s'orrcl, and in the varieties of rhubarb. It is most readily procured by 
the action of nitric acid on certain organic substances, and especially upon 
sugar, and has hence been termed acid of su^ar. It may be obtained by 
introducing into a retort, 4 ounces t>f nitric acid diluted with 2 of water, 
and 1 ounce of white sugar; nitric oxide gas is copiously evolved, and 
when the sugar is dissolved, about one-third of the acid may be distilled 
over: the contents of the retort are thei: emptied into a shallow vessel, 
and in the course of two or three days an aluindant crop of white crystals 
is deposited, and, upon further evaporation of the mother-liquor, a second 
portion is i>btained. The whole crystalHne produce is to be rcdissolved 
ill water, and again crvsttdlized, by which the pure acid is obtained. In 
this way sugar yields rather more ih*m ha.lf its weight of oxalic acid. 

Oxalic acid thiLS procun*d is in the form of four-sided prisms, 
transparent, and of a very acid tiiste; their primary form is a right 
rlunnliic prism, the nuxlificatioiis of which have been described by 
Mr. Hrooke. {Ann, of J*htf,^ N. *V., vi. 111).) The crystals dissolve in 
al>out Ifi parts of water at otF, and in 1) parts at (i0°, their solubility 
increasing rapidly with the increase of temperature; at 212"'^, they fuse in 
Ihi ir water of crystallization. Tlie great solubility attributed to this acid 
bv Ilcrginan, s(‘eins to have d«*pended upon the presence of nitric acid. 
It is b*s.H soluble in alcohol than in water. In a very dry air the crystals 
effl<»resee; at a temperature of 100% they gradually fall into a white 
powder, and when thus slowly dried lose about a third of their weight. 

As this aeitl is volatile, its desiccation requires much caution: the 

crystals after having been deprived of 2 oquiioilents of water, sublime 
rapidly when heated to about 330® ; the sublimate forms transparent 
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aeic^aar cijstalss eontaining 1 atom of water; they absorb moisture^ and 
beccWe opaque by exposure to air. When the ordinaxy crystals are 
rapidly heat^ in a retort to about 300°, water, carbonic acid, carbonic 
oxide, and formic acid are the results. Passed through a red-hot tube, 
carbonic oxide and acid, and carburetted hydrogen are erolved, and a little 
diaieoal, with a trace of oily matter is deposit^. Muriatic acid dissolves 
oxalic acid without decomposition. Mixed with about 20 parts of sulphuric 
add, and gently heated, it is rapidly resolved into equal volumes of carbonic 
acid and carbonic oxide, which gases are evolved, whilst the water of the 
ciystals remains combined with the sulphuric acid. Oxalic acid absorbs 
chlorine, and the resulting compound is resolved by the action of water 
into muriatic and carbonic acids. (Ann. de Chim. et Phys.^ xix. 84.) 
The intensity of the acidity of oxfdic acid is such, that one part in 
200.000 of water reddens litmus. It abstracts lime from sulphuric acid 
when added to a solution of sulphate of lime, but oxalate of lead is 
decomposed by sulphuric acid, so that its affinity for bases appears to be 
about equal to that of sulphuric acid. It is extremely poisonous, and 
many accidents have occurr^ from its resemblance in external appearance 
to Epsom salt (sulphate of magnesia) and from the carelessness ivith wdiich 
medicines are often dispensed and t^en. Tlie intense sourness of oxalic 
acid, and the saline bitterness of the sulphate, readily distinguish them ; 
chalk or whiting, or magnesia or carbonate of magnesia, or large draughts 
of soap and wuter, are the most ready antidotes. 

The composition of oxalic acid, is a subject which has engaged much 
attenrion, since Dbbcreiner first suggested the non-existence of hydrogen 
as one of its ultimate elements, ai^ showed that in its anhydrwts state, 
as it exists in combination with certain bases, as for instance, with oxide 
of lead, it might be regarded as a binary compound of carbon and oxygen. 
Its equivalent, foand<^ upon this view, is 36, and it consists of ( tCOT 
+ 30) or, 

Carbon 2 .. 12 . . 33.33 Carbonic oxide I .« 14 .. 33.8 

Oxygen 3 . . 24 . . 88.06 Curbonk acid 1 . . 22 . . 61.2 


1 36 100.00 


36 1004) 


The erdtnary crystals contain 

OentfUM. Pitmt. 

Anhydrous oxalic add I . . 36 . . 07*14 , . 56 . . 67*15 

W^aier 3 . . 27 . 42.86 . . 42 . . 42.85 

1 100.00 100 100.60 


And the ciystals, dried as far as posable without decompositioii, by which 
they lose about 28 per cent, of water, leave a compound of 


Anbydroiis oxalic add 
Water 


. 1 . . 36 

. 1 9 

I *45 


Bonrllw. 

m MA 

90 . . 10.5 

IW loM 


Thowwlwcoiidderiinatomof water M on eneatial coniMMient of the 
dij oxalic acid, r^rewat it bytheeqaiTaleBt45,aBd Ngaid the aeidao a 
oonpotmd of >-1 . 


GarboB . . . . 


12 

26L66 

Om . . . . 

. . 4 

32 

71*10 

Hydmgen . . . 

. . 1 

t 

. . 1 S.S4 


T 

"45 

iwim 



OXALIC ACID. 


m 

Oxalate of Ammoxia. This curious salt is generally obtained bj 
saturating a solution of oxalic acid by ammonia, and crystallising. It 
forms prismatic crystals, (Brooke, Ann. of PhiLy N. S. riL, 374,) of which 
45 parts require 1000 of cold water, for their solution. Ttey are much 
more soluble in hot water. Added to any soluble compoundM lim^^ t^ 
suit produces an insoluble oxalate of limey provided no excem of acid be 
present ; hence its use as a test of the presence of lime in water. The 
crystals are insoluble in alcohol. Tliey contain two equivalents of water, 
one of which may be expelled by heat, when they crumble into a white 
powder, composed of 


Ammonia . 1 

. . 17 

. . 27.42 

Beneliua. 

. . 28.88 

Berarrl. 

. . 27.86 

Thomson. 
. . 25.55 

Oxalic acid . 1 
Water . . 1 

. . 38 
. . 9 

. . 5&07 

. . 14.51 

. . 59.37) 

. . 13.75/ 

. . 72.34 

. . 74.45 

1 

82 

100.00 

100.00 

100.00 

100.00 


Binoxalate of Ammonia, (2 Oa:t+ A,) is less soluble than the oxalate; 
it consists of two proportionals of acid, one of ammonia, and two of water 
(Borard), eight of water. (Dumsis.) 


OxAMiDE. OxAX.AMiDE. 'NMien oxalate of ammonia is distilled, it be- 
comes opaque from loss of water, fuses, boils, decomposes and volatilizes, 
lenving a little carbon Whiud ; the liquid which passes over contains a 
docculent substance, which also lines the ne ck of the retort, and to which 
M. Dumiis has given the name of oxalamide ; it may be separated by 
welshing and filtration, 100 parts of the oxalate yielding about 5. The 
other products arc ammonia, >vater, carbonic acid, carbonic oxide, and 
cyanogen. Oxaraide is in imperfect crystallized plates, or a granulated 
powder, w'ithout histe or smell, and having no action on test-papers. It 
is volatile when carefully heated, hut geuendly sublimes w4th more or 
less tlecomposition, yielding C 3 'anogen and carbon : it is scarcely soluble in 
water at (K)^, and a saturated solution at 212° deposits it in ciystallinc 
flocculi. It is insoluble in alcohol. It is composed of 


Diunas. 

Carbon 2 . . 12 . . 27 4 

Oxygen 2 .. 16.* 36.3 

Hydrogen . 2 . . 2 . . 4.5 

Nitrogen 1 . . 14 . . 31.8 


1 44 100.0 

Consequeutly oxamide differs from oxalate of ammonia in containing 
less water, by two atoms; for 44 oxamide + 18 water = 62 oxalate ^ 
uinmonia; and oxamide may, under certain circumstances, resume this ele- 
mentary water, as by the action of acids or hydrated ilkalis aided by heat. 
Ihub^l for instance witli potassa, or soda, oxamide evolves ammonia, and 
lllC carbon and oxygen remain in the state of oxalic acid: the dilute sul- 
phuric, nitric, and muriatic acids convert oxamide into oxalic acid, and 
become ammoniacai salts. Boiled with concentrated sulphuric add, 
oxamide affords sulphate of ammonia, and equal volumes of carboaiti add 
and carbonic oxide are disengaged: concentrated liitric acid converts 
oxamide into nitrate of ammonia and carbonic acid. In these cases, 
oxamide, by decomposing an atom of water, furnishes oxailic add and 
ammonia, or 
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CWlxm 

0»»mid4 

.Nitiog^ 


gl+l Oxygen |Oxalic fMjid 
l|-f 1 Hydrogen| Ammonia 


( Oxalate of 
Ammonia. 


The elements of oxamide, as will be seen by the above diagrams, are 
snch as to represent 2 atoms of carbonic oxide 4 . a compound of 2 atoms 
of hjdrc^n and 1 of nitrogen ; now it has been ingeniously suggested by 
Duma^l^t an analogy subsists between this bihydruret of nitrogen, and the 
bicarburet of nitrog en or cyanogen, and that both resemble the haloid bases ; 
that is, considering 71 + s A, which we may call ammogen^ as a compound 
analogous to cyanogen, oxamide would be a compound analogous to the 
cyanurets and chlorides. We shall afterwards have occasion to revert to 
this analogy, in the mean time, it may be observed that the elements of 
oxamide are such as to admit of other hypothetical distributions; ^t they 
are for instance equivalent to nitrous oxide and olefiant gas (71 + sO) + 
{%h + a CCLT) or to cyanogen and water, (Jt + %C(1T) + a.(A + O). 
Compounds of the base U + with other acids are also distinguished 
by the termination amide^ as bemamidey succinamidey See. 


OxAitATE OF PoTAasA (OiT^+P) forms flat rhomboidal crystals, soluble 
in rather less than 3 parts of water at 60^ : the crystals include one pro- 
portional of water. The greater number of vegetable substances, such as 
cotton, wood, sugar, starch, gum, and most of the acids, and some animal 
substances, are converted into oxalic acid when fused with from four to 
mx times their weight of caustic potassa, at a temperature below that 
which occasions charring: in this way oxalate of potassa is produced, and 
is converted, at a higher temperature, into carbonate of potassa. 

BmoxALATE OF PoTAssA. ( 3 Ooc ^ + P.) Oxalate of potassa, dissolved in 
oxalic acid, produces the hinoxalatcy which crystallizes in small rhombic 
crystals of a bitterish and sour taste, soluble in about 10 parts of cold water. 
TUs salt, tc^ther with the quadroxalate, exists ready formed in the juice of 
the Oxalis acetoselluy and is known imder the name of saU of wood^sorrcL 
Quadroxalate of Potassa, + P). When binoxalate of 

potassa is digested in nitric or muriatic acid, half the potassa is ab- 
stracted and a quadroxalate remains. The crystals of this salt include 
seven proportionals of water : or, according to Berard, only tliree. The 
composition of these several oxalates of potassa was originally pointed out 
by Wollaston, and deserves to be recorded as the first well-authenticated 
illustration of the theory of multiple proportionals. (JPhiL Trans.y 1808.) 

Ammonio Oxalate of Potassa. When the binoxalate of potassa 
is neutralized by an atom of ammonia, a double salt, which forms long, 
permanent, adcular crystals, is obtained. 

Oxalate of Soda is sparingly soluble in water, and separates fh>m its 


solution in small crystalline grains, composed of 

Bemrd. 

ThoBMon. 

Soda . . 1 . . 

Oxalicadd 1 

Water .1 

32 

36 

9 

41.6 

46.81 

11.6* • • 

41.08 

58.02 

. . 36.37 

. . 63.63 

1 

77 

100 

100.00 

100.00 


Tliere is a hinoxaUUey but apparently no quadroxalate of soda. 
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Oxalate of Lithia is difficultly ciystallizable ond Tciy soluble. The 
hinojialate forms small transparent granular crystals, not so «)luble as the- 
neutral salt. 

Oxalate op Libie. C.) This compound exists in many plants, 

and the little transparent bodies called raphides^ found in the cellular tissue, 
^pd floating occasionally in their juices, as in the sap of reiy old trees, 
and in the juice of the common hyacinth, are composed, according to Ras- 
pail, of this salt. Oxalate of lime also exists occasionally in the human 
urine, and forms calculi of the kidney and bladder, which, from their 
rough or nodular exterior and brown colour, are generally called Mvl-- 
berry calculi. It may be formed artificially by ^ding oxalic acid or 
oxalate of ammonia to any solution of lime. It is insoluble in water, and 
in excess of oxalic acid, hut dissolves in muriatic and nitric acids: hence 
in testing acid solutions for lime, by oxalic acid, or oxalate of ammonia, 
the excess of acid should be previously neutralized. Whilst drying upon 
the sand>heat this salt becomes singularly electrical. At a red-]^at it is 
converted first into carbonate, and then into quicklime. ^ When recently 
precipitated, well washed, and dried by mere exposure to air, it consists of 







Thomson. 

Lime .... 1 

. . 

28 


34.1 

33.98 

Oxalic acid . . 1 


36 


43.9 

43.69 

Water ... 2 

• • 

18 


22.0 

22.33 

Dried at 60"*. . 1 


82 


100.0 

iqp.oo 

When kept at 212®,^ 

it no longer 

loses weight, it appears to con- 

sist of 




Vugd. Iterard. 

Gay-T.nssac 
uiid Tbenard. 

Lime ... 1 • . 

28 . . 

38.3 

, , 

38.5 . . 38 

. . 38.655 

Oxalic acid . . 1 . . 

Water ... 1 . . 

36 . . 
9 . . 

49.3 

12.4 

• • 

62 

12.0 / ^ 

‘ 61345 

Dried at 212^ 1 

73 

100.0 


100.0 100. 

100.000 

When dried at 500^, it becomes anhydrous^ and then contains 





Vogel, 

Thomson. 

Dumas. 

Lime .... 1 

. . 28 


43.7 

. . 43.75 . . 

. 44.01 

Oxalic acid . . 1 

. . 36 

• • 

56.3 

. . 56.25 . . 

. 55.99 

Dried at 500^ . 1 

64 

100.0 

100.00 

100.00 


As oxalate of lime is frequently referred to in quantitative analysis^^the 
degree of desiccation must be, in such cases, attentively observed ; but it is 
perhaps better to convert it by heat and sulphuric acid into anhydrous 
sulphate of limc^ the equivalent of which is more certain. 

Oxalates op Baryta is very nearly insoluble. It cannot be obtained 
in an anLydrous state, but when dried at 212^, contains 

* Bond. 

Baryta ... 1 . . 77 . ■ 63.0 . . 83.17 

Oxalic add. .1 . . 36 . . SOJi) vttet 

Water ... 1 . . 0 . . 7.6» * ’ 
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BmoxALATfi OF Baryta is formed by boiling excess of oxalic acid 
ndth carbonate or nitrate of baryta; on cooling it is deposited in trans- 
parent crystals. Boiling water resolves these into a precipitate of neutral 
oxalate, and ftee acid. The crystals contain 


Bsiard. 

.... 1 . . 77 . . 46.6 . . 46 

Oxanc add '. . • 2 . . 72 . . 43.6 \ » 

Water .... 2 . . 18 . . 10.0J ’ " 

1 187 100.0 100 


Oxalate of Strontia is a white tasteless powder nearly insoluble in 
water (in 1920 boiling water, Hope.) It consists of 1 atom of oxalic 
acid, 1 of strontia, and 2 of water. (Thomson.) 

Oxalate of Magnbbia is a white, tasteless, and almost insoluble 
powder ; yet it is not immediately thrown down when oxalic acid, or 
even oxalate of ammonia, is added to sulphate of magnesia, unless the 
8olutioi||L are concentrated and hot. Hence oxalate of ammonia may be 
used to detect lime in solutions containing magnesia. 

Oxalate of Manganese. When black oxide of manganese and 
superoxalate of potassa are triturated tc^ether and moistened, carbonic 
acid is evolved ; and, on adding more water, and filtering, a red solution, 
containing oxalic acid, potassa, and manganesic acid, is obtained, which 
after a time becomes colourless, and a triple salt is formed, containing 
the proto^de of manganese. Oxalic acid and oxalate of ammonia throw 
down a white powder from concentrated solutions of the protosalts of 
manganese. ^ 

Oxalate of Iron. The proioxalaie crystallizes in green prisms, and 
may be formed either by digesting the metal, or dissolving the protoxide 
in the acid. The peroxalate is thrown down from the permuriate or 
persulphate of iron, in the form of a diificultly-solubic yellow pow'der, 
which is taken up again by excess of oxalic acid: hence the use of this 
acid in removing iron-moulds, which it does without injuring the texture 
of linen. 

Oxalate of Zinc is formed by adding oxalic acid to a soluble salt of 
zinc: it is a white powder, nearly insoluble. 

Oxalate of Tin is formed, according to Bergman, by digesting the 
metal in the add; the solution, slowly evaporated, gives prismatic 
crystals. 

Oxalate of Cajdmxum is a white insoluble powder. 

Oxalate of Copper. Oxalic add oxidizes and dissolves copper. 
When oxdic add is added to Sulphate or nitrate of copper, oxakUe of 
copper is thrown down in the form of a green powder, soluble in excess 
ad^ and yielding a solutiaii from which prismatic green crystals may be 
obtmned, of binoxabte ? 

Oxalate of Copper AtuioNiA. This, and seteral other double 
oxalates of copper^ hare been described by Yogd* (Schwdgger^s Journal^ 
vii.) By dige^g oxalate of copp^ in a solution of oxalate of ammonia, 
and filtering, rhomboidal erystds were obtained on evapontfrOn, which 
detonated when suddenly heated; when slowly heated, they merely lost 
water and ammonia. From the analyns of tUs salt, it appears to con- 
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Ammonia . . 

1 

... 17 

... 10.90 

F. C. Vogel. 
... 10.6 

Oxide of Copper 

1 

... 40 

... 25.64 

... 25.0 

Oxalic acid • . 

2 

... 72 

... 46.16 

47.6 

Water . . . 

•3 

... 27 

... 17.31 

... 17.0 


1 

156 

106.00 

100.0 


By digesting oxalate of copper in canstic ammonia, and pouring the 
solution thus obtained into a shallow basin, it deposits flat six-sided prisms 
of a blue colour, which effloresce on exposure to The undissolyed 
por^mm of the oxalate also combines with ammonia, and produces another 
distmct compound. 

Oxalate of Copper and Potassa is obtained by digestbg car- 
bonate of copper in solution of binoxalate of potassa. Prismatic and 
rhomboidal crystals are formed, which Yogel considers as two distinct 
salts; the former, consisting of one proportional of oxalate of copper, 
one of oxalate of^^tassa, and eight of water; and the latter^ of one 
proportional of oxalate of copper, one of oxalate of potassa, and two of 
water. 

Oxalate of Copper and Soda. Yogel has also described two yarieties 
of this salt. (Schweigger’s Journal^ rii.) 

Oxalate of Lead (0<r^ 4-Pl) is thrown down in crystalline grains on 
adding oxalic acid to nitrate of lead. It is insoluble in water, but 
dissolves sparingly in excess of oxalic acid. Heated in close vessels it 
leaves a suboxidc of lead; in the air it leaves oxide of lead: it is anhy- 
drous w*hen dried at 212^, and consists of 

Beraelitts. 

Oxide of lead . . . 1 . 112 ... 75.68 ... 75.46 

Oxalic acid .... 1 ... 36 ... 24.32 ... 24.54 

1 148 100.00 100.00 

When heated in a tube with potassium, it detonates violently. 

Oxalate of Antimony has not been examined. 

Oxalate of Bismuth is deposited in crystalline grains, when solution 
of oxalic acid is dropped into nitrate of bismuth. 

Oxalate of Cobalt is an insoluble red powder, precipitated by 
oxalic acid from solutions of cobalt. It dissolves in excess of oxalic aci^ 
and the solution furnishes crystals. The dry salt yields, when heated in 
a tube, 0.3286 metallic cobalt, 0.4767 carbonic acid, and 0.1957 water; 
it therefore consists of 1 atom of oxide of cobalt, 1 ^ oxalic acid, and 2 
of uutcr. When carefully heated, it loses water, and then bums in the 
air. (Dobereiner.) It forms a double sidt with oxalate of ammonia. 

Oxalate of Uranium is difficultly soluble in water, and u J»red- 
pitated by concentrated oxalic acid from thc^ neutral salts of uranium. 
A weak solution of a salt of uranium is not disturbed by oxalate of 
potassa. The oxalate of uranium contains 13.5 per cent, water, the 
oxygen of which is to that the oxide as S : 1. (BezXelius.) 

Oxalate of Omvau is precipitated by the addition of oxa&c add (Mr 
oxalate of ammonia to solutions of the protoxide of cerium, of a while 
colour, insoluble in excess of acid, but soluble in liquid animonia. la 
solutions of the peroxide of cerium, the precipitate is irfa dingy-red, and 
soluble in ammonia. 
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Oxalate of Nickel is thrown down from the nitrate in the form of 
an insoluble green powder. It contains 13.4 per cetit. (=2 atoms) of 
water: heated in a retort it yields carbonic acid and metallic nickel: it 
forms double sidts with the oxalates of ammonia, potassa, and soda. 

Oxalate of Chromium, in solution, is red by transmitted, and green 
by reflected, light; it yiel^ on eraporation, a green deliquescent and 
very soluble salt, which crystallizes with excess of acid, and is not preci- 
pitated by, but forms double salts with, the alkalis. 

Oxalate of Molybdenum. The proioxalate is dark-gray; black 
when diy; and little soluble in excess of oxalic acid. The peroxklafe 
may be obtained in veiy dark-blue crystals, yielding a red solution from 
which ammonia throws down a red haste salt, insoluble in excess of 
ammonia. Molybdic acid yields a colourless solution in oxalic acid, 
which, when evaporated, becomes at first gelatinous, and then crystalline ; 
it is soluble in water and alcohol. These oxalates of molybdenum all 
yield double salts with oxalate of potassa. (Berzeliu^ 

Oxalate of Titanium falls as a curdy hydrated precipitate, when a 
solution of titanium is heated with oxalic acid: it dissolves in excess of 
acid, and consists, according to Rose, of 6 atoms of oxide of titanium, 1 of 
oxalic acid, and 6 of water. 

Oxalate of Columbium. According to Wollaston, the recently- 
precipitated hydrated columbic acid dissolves in oxalic acid ; but Gahn, 
Berzelius, and I^ertz state, that only a trace of the acid is so dissolved, 
but that binoxalate of potassa readily takes it up and forms with it a 
double salt, from w*hich the alkalis throw down columbic acid. 

Oxalate of Mercury is precipitated from the nitrates by oxalic acid. 
The protoxalate is scarcely soluble, and detonates slightly vrhen heated. 
It was supposed to exist in Howard's fulminating mercury, but this 
appears not to be the case. It forms a double salt with oxalate of 
potassa. 

Oxalate of Silver is an insoluble white powder, which blackens 
when exposed to light. It is precipitated on adding oxalic acid to nitrate 
of silver, and is soluble in nitric acid. It detonates slightly when violently 
struck upon an anvil: when heated it becomes electric, and evolves water 
and carbonic a^d, leaving metallic silver. It forms a double salt with 
oxalate of potash. 

Oxalate of Alumina is easily formed by dissolving the newly-pre- 
cipitated earth in oxalic acid: it does not crystallize, but affords, on 
evaporation, a gelatinous mass, which deliquesces on exposure. This is 
probably a binoxalate, for Berzelius states that the neutral oxalate is 
insoluble. 

Hydroxalic Acid. (Jcide oxalhydrique,) Under this name Gu^rin- 
Yony (ilaii. de Chim, ei Pkys*^ lii., 318) has described a peculiar acid^ 
which is formed, together with oxalic acid, during the action of nitric acid 
upon sugar, gum, and other substances, and which vras noticed by Scheele, 
and considered as identical with ipdic acid. Guerin obtains this acid by 
mxin^ one part of gum-arabic with two of nitric acid, diluted with half 
its weight of water in a retort of four times the capadty of that of the 
mixture, and connected with a tubulated receiver: h^t is applied till 
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nitrous vapours begin to appear; it is then withdrawn, and a large 
quantity of nitrous gas succeeds; when this ceases, the liquor is boiled 
for an hour, then £luted with 4 j^rts of water, saturated by ammonia, 
and a solution of nitrate of lime is then added to precipitate oxalic acid: 
the solution, which is now of an orange-colour, is filtered and precipitated 
by acetate of lead: the precipitate is washed upon a filter till the washings 
no longer are discoloured by sulphuretted hydrogen, and is then decom- 
posed either by a stream of that gas or by sulphuric acid diluted with 6 
weights of water: the acid thus obtained is evaporated by a gentle heat, 
and, when sufficiently concentrated, is neutralized by ammonia, and 
evaporated till it begins to crystallize. Tlie crop of crystals which it 
affords, and which ore darlc-coloured, are dissolved and treated by animal 
charcoal, the decoloured solution is then precipitated again by acetate of 
lead, and the precipitate decomposed as before: the acid liquor now 
obtained is cauti|g||ly evaporated to the consistency of syrup, and the 
evaporation is completed in vacuo, till the residuary liquor begins to 
acquire a yellow tint. 

'Trommsdo^s process, for obtmning this acid, is as follows: He 
heats a mixture of equal parts of sugar and nitric acid (specific gravity 
1.2) till it begins to effervesce; abimdaiice of gas is evolved, and the 
liquid becomes thick and yellow; it is then diluted with water, and 
saturated by chalk, the excess of which, and the precipitated oxalate of 
lime, are removed by filtration: the filtered liquor is concentrated by 
evaporation and mixed with alcohol, which precipitates the hydroxalcde 
of lime: this is collected, redissolved, filtered through charcoal, and 
decomposed by acetate of lead; the resulting hydroxidate of lead is 
decomposed as before by sulphuretted hydrogen: to get it colourless, the 
acid must be saturated by soda, again thrown down by lead, and this 
decomposed as before. Eight ounces of sugar yield about one ounce of 
the acid. {Ann. de Chim. el Phys.^ liv. 208.) 

Hydroxalic acid^ when obtained in its utmost state of concentration, 
is in the form of a syrupy, colourless, inodorous, and intensely-sour liquid. 
Its specific gravity is 1.415 at 60^. It unites in all proportions with 
water and alcohol, but is only sparingly soluble in ether. It is very 
deliquescent. It precipitates lime, baryta, and strontishVater, and the 
precipitates are all soluble in excess of acid: in this respect it resembles 
tartaric acid; but it differs from that acid in not precipitating potassa or 
its salts when added to them in excess: it is distinguished f^m malic 
acid, which does not precipitate the above bases. It furnishes copious 
white precipitates in solutions of lead and silver. It dissolves zinc and 
iron, with disengagement of hydrogen, but has no action on tin. When 
1 part of hydroxalic acid and 3 of nitric acid are mixed and left for a 
month, at common temperature, being shaken daily, nitrous gas and 
carbonic acid are evolved, and crystallized oxalic acid formed: boiled 
writh nitric acid, hydroxalic acid is converted into oxalic and carbonic 
adds: with equal parts of sulphuric acid and water, it yields sulphurotui 
and carbonic acids: it is changed into formic add when gently heat^ 
with sulphuric acid and black oxide of manganese. Sulgected to destruc- 
tive distillation it affords the usual products of these compound md 
leaves a bulky charcoal. 
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According to Guerin, this acid, in its anhydrous state, as in the salt 
of lead, is composed of (4 car + 3 A + 6 0): its equivalent, therefore, is 


or. 




tauerin. 

Carbon 

4 . 

. 24 . 

. 32 . 

. 32.4 

Hydrogen 

Oxygen 

3 

H . 

3 . 

. 43 . 

4 . 

. 34 . 

3.9 
. 03.7 

Anhydrous hydroxalic acid . 

1 

75 

100 

100.0 


The above numbers are, it is to be observed, equivalent to 2 atoms of 
dry oxalic acid + 3 atoms of hydrogen. 

III. Citric Acid. This acid exists in many vegetables, either free, 
or combined with lime: it is especially abundant in leinon-juice^ from 
which it was first obtained in a crystalline form by Scheele : it is contained 
in gooseberries, raspberries, and other fruits, and is often associated with 
malic acid. 

Citric acid is obtained from lemon or lime-juice as follows. Boil • 
the expressed juice for a few minutes, and, when cold, strain it through 
fine linen: then add powdered chalk as long as it produces effervescence; 
heat the mixture, and strain as before: a quantity of citrate of lime 
remains upon the strainer, which, having been washed with cold water, is 
to be put into a mixture of sulphuric acid with 20 parts of water: the pro- 
portion of acid may be about equal to that of the chalk employed. In 
the course of 24 hours, the citrate of lime >vill have suffered decomposi- 
tion, and sulphate of lime is formed, which is separated by filtration. 
The filtered liquor, by carefiil evaporation, as directed for tartaric acid, 
furnishes crystallized citric acid. 

The preparation of this acid is carried on by a few manufacturers 
upon an extensive scale; in different states of purity, it is employed by 
the calico-printers, and used for domestic consumption. 3Iany circum- 
stairces which have not here bften alluded to, are requisite to ensure 
complete success in the operation; these have been fully described by Mr. 
Parkes, in the third volume of his Chemical Essays, The average propor- 
tion of citric acid afforded by a gallon of good lemon-juice, is about eight 
ounces. Dr. Heniy states that he has obtained as much as twelve ounces. 

Citric acidl^orms beautiful crystals, of which the primary form is a 
light rhombic prism. They have a very sour taste, and arc soluble in 
somewhat less than their own weight of water at 60°, and in half their 
weight at 212°. They also dissolve in alcdiol. 

M. Tilloy of Dijon, recommends gooseberries as a source of citric 
acid : they are bruised, and the expressed juice is fermented, and then 
distilled to obtain the alcohol : the residue is saturated by chalk, and the 
washed citrate of lime decomposed by sulphuric acid ; from 100 parts of 
gooseberries he obtained 10 of alcohol and 1 of acid. 

Citric acid is sometimes fraudulently mixed with the tartaric : the 
^ulteration may be discovered by gradually adding to the acid dissolved 
in water, a solution of carbonate of potassa, which will occasion the 
precipitation of bitartrate of potaSsa if tartaric acid be present. 

The crystals of citric acid include a certain proportion of water, part 
of which may be expelled by heat : in its anhydrous state, as it exists 
combined with certain bases, it is a compound of 
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BerieUvs. 

Carbon 4 .. 24 .. 41.38 414188 ^ 

Hydrogen . . . . 2 . . . 2 . . 3.45 . . ».800 

Oxygen 4 • • 32 • • 56.17 * • • «.A831 

Anhydrous'citric acid 1 68 100.00 ' 188.000 

Iloncc we have the equivalent of this acid 68, (58.48, Turner; 68, 
Gmelin); or (4 COLT + * Ar + 4 0.) 

The crystals of citric acid, deposited from its saturated solutum at 
212®, contain 1 atom of water: they are,, therefore, represented by the 
symbol (4 caT + 2 A + 4 0 + ^), "or {dP + q.) Their equivalent is 
68 + 9 = 07 , and they include 

Dumas. Prout. ... Ure. 

Carbon 4 . . 24 . . 35.8 . . 3C.28 . . 34.28 , . 33.00 

Hydrogen 3 . . 3 . . 4.6 • . 4.46 . . 4.76 . . 4.63 

Oxygen 6 . . 40 . . 60.6 . . 69.27 . . 60.96 . . 62.37 

Cry^Uzed citric4kid T ^ 100.0 100.00 100.00 100.00 

These crystals fuse at a little above 212®, into a limpid liquid, with- 
out loss of weight, and concrete, on cooling, into a solid transparent mass. 
The crystals w'hich are obtained by the spontaneous evaporation^ at 
common temperatures, of a solution of citric acid, differ in composition 
from^ the former, and contain 3 atoms of anhydrous acid and 4 of water 
(3 + 4 q\ which, therefore, is the composition of the ordinary citric 

acid of commerce ; or, 

Denelius. 

Anhydrous citric acid ... 1 . . 58 . . 82.86 . . 83 

Water 4 .. 12 .. 17.14 . . 17 

Common crystallized acid . . I 70 100.00 100. 

These crystals are permanent at common temperatures, but when 
dried at 212® they effloresce^and lose exactly half their weight of water, 
being reduced to (3 CZt + 3 q), or 

Berxeliua. 

Anhydrous citric acid .1 . . 58 . . 90.6 . . 90.7 

Water S .. 6 .. 9.4 .. 9.3 

Effloresced citric acid . 1 64 100.0 100.0 

AVhen any attempt is made to drive off more ivater by tlfC application of 
a higher temperature, the acid is itself decomposed. 

Citrates. The neutral sitrates, considered as compounds of anhy- 
drous citric acid and bases, ore so constituted that the oxygen in the acid 
is to that in the base as 4 to 1. Many of them arc insoluble, or difficultly 
soluble, but are soluble in excess of acid : those which are soluble do not 
deposit difficultly-soluhle acid citrates, when excess of acid is added* 
When cold, they give scanty precipitates with the salts of lime, but copious 
when heated : these precipitates are soluble in a large quantity of water, 
and in acetic acid. Some of the peculiarities of the citrates have been 
pointed out by Berzelius. {Ann. de Chim. ei PAyr., lii*, 424 and 432.) 

Citrate of Ammonia crystallizes with difficulty in prisms* 

Citrate of Potassa is very soluble, deliquescent, and difficultly 
ciystallizahle. It is much u^ed in medicine as a mild diaplioietic, and ig 
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the Salt of Riverius of old pharmacy. 76 parts of the crystallized acid 
saturate 70 of carbonate of potassa.' 

Citrate of Soda is crystallizable in prisms, of a saline flavour, and 
soluble in somewhat less than their weight of cold water. When this 
salt is dried at 212° it loses 17.5 per cent, of water, and the remaining 
salt is a compound of + 8+5^.) Berzelius conceives that when this 
salt is dried at 200° (centigrade) it not only loses its water of crystalliza- 
tion, but also a portion of water derived from the elements of the acid ; 
but that, notmthstanding this partial decomposition, it reverts to the 
state of perfect citrate of soda, when redissolved in wuter. 

Citrate op Lithta is very difficultly soluble, and does not crystallize. 

Citrate or Lime has been adverted to in the preparation of citric 
acid. It is nearly tasteless, and scarcely soluble in water, but readily 
soluble in solution of citric acid: >Yh^|ftDioistened, it sooif grows mouldy 
if exposed to air. Neutral citrate OT^ime, dried nt 212% consists of 
(cit'+C+q)^ or 


Lime . . . 

. 1 . 

. 28 . 

. 29.5 

Berzelius. 

. . 20.70 . 

aufi TheiianI 

31.17 

Citric acid , 

. 1 . 

. 58 . 

. 81.0 

. . 60.93V 

9.37* • 

. 68.83 

Water . . 

. 1 . 

9 . 

9.5 


1 

95 

1(N).0 

100.00 

100.00 


This salt' is sometimes prepared in, and exported from countries where 
lemons and limes are abundant, as a source of citric acid. 

Citrate op Baryta, when neutral, is very difficultly soluble. The 
bicitrate forms acicular crystals, soluble in water and efflorescent. The 
neutral citrate is represented by (Clt/ •+• B -|- » q.) 

Citrate op Strontia. Citric acid renders strontia-w'ater turbid. 
Citrate of potassa docs not precipitate nitrate of strontia, till heated. 

Citrate of Magnesia is difficultly soluble, and doe^not crystallize. 

Citrate of Manganese is formed by digesting moist protoxide of 
manganese in citric acid ; it produces wdiite ar^rescent crystals. Carbonic 
acid is evolved from a mixture of citric acid and peroxide of manganese. 

Citrate of Iron. According to Dr. Henry (Eletnents of Cheniixtry^ 
9th edition, ii., 200), citric acid dissolves iron-filings with effervescence, 
and forms a nearly colourless solution, which deposits citrate of iron in 
the state of a white powder. It has a sweetish astringent taste ; dis- 
solves in water, but not in alcohol ; and, when exposed in a moist state 
to the air, becomes first yellow, and then olive, being converted into a 
percitrate which is uncrystallizable and deliquescent. There is also a 
bicitrate of the protoxide, which is deposited in a white crystalline form 
during the solution of iron in excess of citric acid ; it has a sour astringent 
taste, and is more permanent than the neutral protocitrate. 

Citrate op Zinc. ^ Zinc dissolves in citric acid with effervescence : 
citric acid readily dissolves the oxide of zinc, and the solution deposits 
small crystals scarcely soluble in water, and of an astringent taste. 

Gr^ATB OP Tin. Neutral citrate of potassa forms no |»recipitatc 
either in protomuriate or permuriate of tin. 

^ Citrate op Copper. Citric acid forms a pale-blue precipitate in solu- 
tion of siflphate and nitrate of copper, li^^en solution of acetate of 



MALIC ACID. im 

copper and[ citric acid are boiled together, a granuhir green predij^tate 
gr^ually falls, composed of (s citf + *« Cu + 4 When dried jgj^ 
i.t becomes blue, and iQses hajj[ its water. 

Citrate of Lead is i!hrt)l«m down in the state of a neaily^l^lable 
powder, when citric heid is added to nitrate of lead. According^ Berze- 
lius, a neutral citrate of lead is most certainly obtained by adding an 
alcoholic solution of citric ^id to a solution of acetate of lead, and waiting 
the precipitate ivith alcohol, for water abstracts part of itsneid. It con- 
sists of On digesting this neutral salt .with subacetate of 

lead, he obtained n bibasic salt, or dicitrate of lead {ciV + s Pl.) By 
the action of ammonia on the neutral citrate he formed a subsalt, repre- 
sented by (i) civ + 4 Pl) : and lastly, by dissolving the neutral citrate 
of lead in hot ai^very weak nitric aei^ ^e saturate solution deposited 
crystals on cooUd^, composed of s Pl + 2 q,) 

Citrate OF Antimony? ^ 

Citrate of Bismuth is an insi^uble white compound. » ^ 

Citrate of Cobalt appears to be a soluble salt. 

CitrUIe of Uranium, formed by digesting oxide of uranium in citric 
acid, is a soluble and difficultly-crystallizable salt. 

Citrate of Nickel is not thrown down by adding, either eij^e acid 
or citrate of pptassa to tbe solutions of nickel. 

CitratF op Mercury. Both the protocitrate and percitrate of mer- 
cury are insoluble, and thrown doMu when citric acid or a soluble citrate 
is added to the neutral soii|tions of mercury. 

Citrate of Silver" is an insoluble white powder, which blackens 
when expa8^ *\o fight. It detonates slightly when heated. It is the 
most' \piifoniii>‘of the citrates, being aj^ways Ac.) < 


PvnociTRic Aerp. When citric acid is distilled in a retort per re, 
an acid liquid is obtained, w^hich, when saturated by lime, affords a pre- 
cipitate, which may be decomposed by oxalic acid, and thus furnishes a 
peculiar product called, by Lassaigne, pyracitric acid. {Ann de Chim. ct 
xxi., 100.) It forms salts, periectly distinct from the citrates; its 
equivalent number is 56. It consists of (5 CCLT + ^ 0), or, 

DiiniMii 

• Carbon ...... a . . .30. . . 53.5 . 5i07 

Hydrogen .... 2 . . 2* . . 3.7 3^53 ' 

Oxygen ..... 3 24 42.8 42.40 

Pyrocitric acid . . • I ^ 58 100.0 • • 100.00 

«■ 

M alic Acid. The exii^nce of a peculiar acid in the juice of applee 
was shown by Seheele, in 17B5. , He obtained it by adding solution of 
acetate of lead to the expressed juice of unripe apples, by which 4 m^late 
of lead was formed, and afterwards decompp^ by solphuirc add. 
Vauquelin obtained it by a similar process, from the juice of the houses 
leek. The same acid exists, according to Braconnot and Houtou Lahii- 
Jardiere, the berries of the mountain-ash (Anm de Chim. el 
Yiii., 214 ), which it was first obtained by hfr. Donovan iit 1815 , 
and cdled by him sorbic acid; the apjpinent diiferenc^ 
malic tmd sorbic acids are refdirable to thb impurities of feiteer* 
Mr. Donovan Has given the following process for its preparat^b1i^ 
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tftifi v ^ imce of ripe J»i|i^«^vadd |(j^^ 

(if^«^ of lead filter and irash the piecij^tate wdA *^’i^«f».th«i 
wmtSL^ter upon the filter, and aUow ifc to pa» thr^h t^ 

b^Sv^lh M times their rvcight ef srfphons mai 


epedfic 


pif 

ISyTS." The^L; K^or be poured o^an^ etiU hoM 
Sof ^phuretted hydrogen is to be paes^ through it, to ppprtate 
im„i . Ao Hanid is then filtered, and when boded so as to 


vebi:viHuvx oiup*****'-- V, . « /»f. j 

the remaining lead ; the liquid is .then mtered, 

. STpeTthc sulphuretted hydrogen, is a solution t>f the pu^ vi^table acid. 

BracLiot procures this acid by satur^mg^^e jmee of the 
scarcoly-ripe berries with chalk ; during eyapomUon malato of lime faUs, 
wliich he decomposes by Csarbonatc of soda ; the maliite of soda is decoiii. 
posed by acetate of lead, and tr^ted by sulphuretted hydrogen as before 

described. {Ann, de Chun, el .... , ... 

According to Liebig {Anti, de Chm. ei Phys.y xlui., 259, and 111., 4.14), 
pure malic acid is obtained by boding the juice mth animal cli^oal, 
tiering, adding a little potassa, evapomting, hnd atldiiig alcohol to 
precipitate bitartrate of potassa: then distil off tlic alcohol, 4lid reduce 
the residue to the consistency of syrup, and again adtl alcohol, #hicli 
throws down mucilage. ^ic residhe of the second distillation, 
diluted and mixed with acetate of lead, yields malate of dead, which is 
washed and decomposed bytesulphuretted liydrogim : to complete the 
purification of the acid, its solution is concentmted, diluted 4)y alcohol, 
and half saturated by ammonia : the himaiate ^'ammonia is crystalbzed, 
and used as a source of malaie of leady to be decomposed os before. 

!^ic acid is usually obtained in the state of a colourless liquid, very 
souiv^d scarcely susceptible of regular crystallization, though when very 
carefully evaporated it concretes into mammillary masses, showing traces 
of acicular crystals. It is deliquescent, and vor}' solubl| in alcdholand. 
water. Nitric acid converts it into oxalic acid. and citric acidsi, 

when anhydrousy arc, according to Liebig, isomeric ; fjjplic acid is 
fore represented l)y the equivalent 58, or (♦ CCLT, + 8 AH" ♦ 9.) 

Malateb. Tlie neutrd salts of the malic acid anjfcomiiosed o^ 1 atom 
of acid + 1 of base,' and arc nol subject to tho9§ caj^cious modifications 
which characterize the citrates. ^The neutral nq^lat^s arc mostly soluble 
in water : those of ammonia, potassa, and soilh^ are- very soluble and 
deliquescent: the himalates of those bases are Je^ii soluble, and are crys- 
tallizahlc: the nsutral and hi malate jof baryta O^yery soluble, and leave, 
on evaporation, gummy masses : the basic of baryta {VtoV + 

2 B) is insoluble. The neutral malatc of stcgpda is soluble ; the bima- 
late, difficultly soluble. The same is the case wiljb^tlie corresponding 
sfilts of manganese. With peroxide of iron the neutral malate is uncry s- 
taliizable, soluble in water and alcohol, and deliquescent : the pcnnalatc 
of mercury is unciyslallizahle ; water revives it into a Stipcr and a sub- 
mit. Tlie best mode of distinguishing the likalatos is to convert them 
into malate of leady which may be easily idefttified. (Dumas.) 

MAtATB OF Lime. The neutral malate dissolves in 150 

, parts of water at 00® , and in 66 parts at 218® : the hot saturated solution 
deposits small crystals on cooling : its resmnbles that of nitre. Ac- 
cording to Grotthus, it dissolves readily in solutions o^ . other salts, such 
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08 those of nitrate of potassa, chloride of sodium and of ' 

muriate of ammonia. The bitnalaie of lime (s TllCtl^ + (S) difS^HI in 
50 parts of water at 60^, and yields flattened six-sided prisms ;^l|^uble 
in alcohol : it exists in sereral plants, but when obtained from thm juices 
it is disguised fey mucilage. # 

Malatb of Magnesia >forms permanent crystals, solu- 

ble in 28 parts of tvater. 

Malate op Lead + Pl), is scarcely soluble in cold water : its 

hot saturated solution de|k>8its white and brilliant lamellar crystals as it 
cools. When first thrown down as a precipitate, it appears pulyerulent;, 
!>ut assumes spontaneously a cryshilline aspect, cs}>eciaUy when heated. 
It is fusible at 212^, and then becomes k&s easily soluble in water: to 
saturate boiling water with must be added in fine powder, and in 
isuccessive portions. It fonns uncrystallizable double salts with mtalate 
of ammonia, and malate of zinc. 

Mal.vtk op Silver falls on mixing nitrate of silver with bimalate of 
ammonia ; it is brilliant white, but becomes yellow when dried : it dis- 
solves in l>oiling water, bi»t by continued boiling it is reduced, and metallic 
silvep soppates. 


Pyrom \Lir Acid, According to reiouz<‘, malic acid enters into fusion 
at about 180': at about 380° (170° CVnt.^rit is n solved into water, and 
two pyro-acids, which he terms viaheic and pnt tunalwic acids, 

MvLrr'’ Acid is formed when malic acid is distilled at about ^00°! 
A liquid passes over n Inch crystallizes, and consists entirely of nmlceic 
arid ; its taste is aeid and nauseous: it is soluble in water and qlcobol. 
The solution of this acid does not precipitate lime water: in a solunon of 
acetate of load it forms white floecnli, ^\hicb gradually become semi- 
transparent. The anhydrous malajic acid consists of (4Cflr + A+oO) 
its equivalent being 40. 

IM VLXVTiis. These salts have not been much examined; they closely 
resemble the succhiafes in many of their properties. 

Par \m \l.kic Acid is produced by the continuous action of a modcraf o 
heat upon the mala-ic acid; or by hotlifig it in a long tube, so that tlic 
evolvc<l water constantly falls back upoi^lu' acid, TJiis acid crystallizes in 
largo striated prisms, soluble in 2(K) parts of water, and of an acid flavour, 
'fhe atomic composition of this acid is identical with the inalanc. 

pAU\3r vi..i:ati.k The paramakvaivs of ninnionin, ^otassa, and soda, 
{ir(‘ very soluble and crystallizablc: those of lime, baryta, and stroiitia, are 
also so far soluble that the acid affords no precipitate in their respective 
aqtK'ous solutions. The paramahrate of peroxide of iron is insoluble and 
brown ; that of copper, insoluble and green; and of lead, white, and not* 
crystalline, except when deposited from its .solution in boiling uater. The 
parainaheato of silver is so insoluble that 1 part of the acid in 200,000 
of water renders nitrate of silver turbid. 


Formic Acid, llie peculiarities of an acid obtained by the distillation 
of was first noticed by h'ischcr and Margraaf; but it was afterwards"^ 
regarded as identical with acetic acid, upon the authority of Foureroy and 
Vauqueliii {Ana, dc Vhlm,^ Ixiv., 4B). llehlon; however, {Thomsofi\\ 

*3x2 
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r., 24,) and more lately Berzelius, have shown that it is a dis- 
tinct compound; and Dobereiner has published some curious facts respect- 
ing ita artificial production. (Ann, de Ckim, et Phys,^ xx., 320, and lii., 
106>) ► He has shown that it is the result of the peroxidizement of several 
vegetable compounds, and that nascent oxygen converts citric and tartaric 
adds^ and many other organic compounds, into formic acid : numerous 
other instances of the formation of this acid might be adduced. 

^ Formic acid may be obtained from a mixture of tartaric add, black 
oxide of manganese, and water; or more abundantly from a mixture of 2 
parts^ of crystallized tai*taric acid, 5 of peroxide of manganese, 5 of sul- 
phuric acid, and 5 of water. Soon after mixture, these ingredients, which 
should be in a sufficiently capacious retort, effervesce violently, and give 
off abundance of carbonic acid ; if afterwards distilled, the formic add 
passes over, and may be concentrated in vacuo : it possesses several pecu- 
liarities, which amply distinguish it from acetic acid, among which the 
most remarkable is the action of sulphuric acid, which converts it into 
w^ter and carbonic oxide; and if sulphuric add be poured upon^for?nia/e 
ofpo/assa, which is a deliquescent and difficultly-crystallizable ^It, of a 
saline bitter taste, an effervescence ensues, attended by the escape of 
carSo^ic oxide only. 

Pure formic acid is best obtained by saturating the acid produced as 
above, by carbonate of soda, evaporating to dryness, and distilling 7 parts 
of the dry salt with 10 of sulphuric acid, and 4 of water. It has a pun- 
pnt odour, and its combined water is only separable by uniting it, to 
bases. It is a sour, colourless liquid, which boils at a little above 212°, 
without decomposition : its specific gravity is 1 .1 168 (GchlenY. It reduces 
tile nitrates of silver and mercury, by simple ebullition. 

/ composition of formic acid in its anhydrous niaXe h, 

( 2 car +/6-f3 0) and its equivalent is 37; or 


Carbon . 
Hydrogen 
Oxygen . 


12 

I 

24 

”37 


32.4.3 

2.70 

34.87 

100.00 


Herstfliii). 

32.970 

2.8O7 

C4.223 

100.000 


GuIm-1. 

32.53 

3.06 

84.41 

100.00 


Anhydrous formic acid 1 

Th^ dements arc equivalent to 2 atoms of carbonic oxide and 1 
ralphuri72 ” actually resolved by the action of 

resolved by heat 
particularly examined: they reduce 

SA ofleat,and evolve LbonS 

, oxide when acted on by sulphuric acid. 

the ITT,:®’' </0»*'+A.) p.e ultimate components of 
the acid and base of this salt are ( a COT + A+ 3 0)+ (n+ a A) • these 

acid and water, or to ( sCOr+n 
Df «mer has shown, that rimpie distiiation It a 

hjdnx^io acid and 

^vni.:St6,2dTx^?TI T T’? 

and water, hydroevanienri^ onder influence of bpses or addsi, 

» nyorocyanioocid is convertible into formic 
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^ The formiates of potassa, soda^ lime, baryta, strontia, and magnesia, 
are crystallizable and soluble : that of alumina is unerystallizable, and 
when its solution is boiled .the base falls. The formiate of lead yields 
brilliant prismatic crystals, soluble in 36 parts of water at 55% and con- 
sisting of 37 acid + 112 oxide. Formiate of copper crystallizes in 
greenish-blue hexagonal tables or prisms, efflorescent, soluble in 8J> of 
water, and including 4 atoms of water + 1 anhydrous formiate. 

Suberic Acid. This acid was originally obtained by the action of 
nitric acid upon cork^ by Brugnatelli (Crelfs Annals^ i >9 154). If 
was afterwards examined by Bouillon Lagrange {^Ann. de Chim,, xxiii., 
42), and more lately by Chevreul, Brandes, and Bussy. 

Suberic acid is obtained as follows (Chevreul, Ann, de Chim, et Phys,^ 
Ixii., 323). Rasped cork is digested in 6 times its weight of nitric acid; 
It is slowly dissolved, and a fatty matter separates upon the surface: this 
is separated^ and the solution evaporated at a gentle heat, and constantly 
stirred till it acquires a thick consistence; it is then diluted with 6 or 3 
parts of water, and heated so as to separate an additional quantity of fat ; 
the solution is then filtered and evaporated, and during cooling, oxalic 
acid and suberic acid are deposited; the latter in the form of a white 
powder: it may be purified by dissolving it in ammonia, precipitating the 
filtered solution by an acid, and washing the precipitate with cold water; 
it is sometimes purified by sublimation. 

Suberic acid falls from its solution in hot water, in the form of a white 
powder, slightly acid, fusible at 300% and subliming in acicular crystals: 
it dissolves in between 5 and 6 parts of anhydrous alcohol. The com- 
position and equivalent of this acid as given upon different authorities are 


various; according to Bussy, {Jour, de Pharm,^ viii.. 110, and xix., 425,) 
anhydrous suberic acid is a compound of {^CCLT + c/t + sO) and its equi- 

valent is 78- 


Rouillua 

Bussy. Lagran^o. , 

Carbon . . . 8 . 

. 48 . 

. 61.6 . . 61.99 . . 58.33 

Hydrogen . . 0 . 

. 6 . 

. 7 7.. 7.69 . . 7.67 

Oxygen . . . 3 . 

. 24 . 

. 30.8 . . 30.42 . . 34.00 

Anhydrous suberic acid 1 . 

la 

100.0 100.00 100.00 


SuBERATEs. These salts have been examined by Brandes (Schweig- 
ger s Jahrbuch^ II., HI., and VI.) The suberates of potassa and of soda 
ai^ soluble, deliquescent, and fusible w’^ithout decomposition: those of 
ammonia, lime, baryta, strontia, magnesia, manganese, and alumina, are 
more or less soluble : the subcrate of protoxide of iron is precipitated 
white; that of peroxide, bro^vn: the suberates of zinc, tin, mercury, and 
silver, are also in the form of white precipitates; the suberates of cobalt, 

copper, and uranium, are red, blue-green, and yellow, and insoluble. 

The subcrate of lead and of silver are anhydrous, and consist of 78 acid 
+ 112 oxide = (S166 '-|-Pl), and 78 acid + 116 oxide = (SUbf+Ao), 

Bolktic Acid. This acid was obtained by Braconnot from the Boletus 
pseud(higniariusj {An% de CAim., Ixxx.), by cautiously evaporating its 
expressed juice to the thickness of syrup, digesting it in alcohol, dissolving 
the residue in water, and adding nitrate of lead to the aqueous solution; 
the precipitate, washed and diffused through water, was decomposed by 
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Sttlphttietted hydrogen; the liquor was then filter^ and evaporated till it 
formed crystals, which were .purified by solution in uleohol and evapora- 
tion. ^These crystals ore boletic acid; they are prismatic, and require I«0 
parts of water at 68°, and 45 of alcohol for their solution, which reddens 
bluei, and precipitates nitrate of lead, and the salts contuning the per- 
oxide, hut not those of the protoxide of iron. This acid sublimes, with 
little alteration, when heated. Braconnot has examined the Metatea of 
ammonia, potassa, lime, aiid barijta, but his researches have not us yet 
been confirmed by any other chemist. 

Fungic Acid >vas procured also by Braconnot from the Boletus ju- 
glandis, and some other fungi; it is deliquescent and uncrystallizuble. 
{Ann. de Chim.^ Ixxxvii.) 

Lichenic Acid apparently much resembles the boletic: it ^\*ns obtained 
by Pfalf, by digesting lichen in a weak solution of carbonate of potiissa, 
saturating this infusion with acetic acid, adding acetate of lead, filtering 
eff the precipitate, and lea\'ing tlie filtered liquor to itself: it slowly deposits 
crystals of licliena/e (f lead from which lichtnic acid was obtained by the 
action of suljdiurcttcd hydrogen. This acid is soluble in water and 
alcohol, and fonns acicular crystals, which are volatile when heated, with- 
out either fusion or decomposition. The lichvnntes of ammonia, potassa, 
and soda, are soluble aild crystal lizable ; that of lime difficultly soluble; 
and those of baryta, strontia, zinc, manganese, and peroxide of iron, 
insoluble, or nearly so. 

Eqijisetic Acid. A peculiar acid combined with magnesia, wa-s* dis- 
covered by Braconnot in the Equisetum JluviatUc. {Ann. dc C/tim. ct 
xxxix., 10.) 

Moboxylic Acid, discovered by Klaproth in the bark of the Morns 
alba^ or fuhite mutbern/. (Nicholsons Journal, vii.) An cxudatiofi was 
observed upon this bark, wiiich proved to be a compound of a peculiar 
acid and lime, or a moroxylaie of lime; its solution was decomposed by 
acetate of lead, and the moroxylaie of lead thus obtained, dei‘oniposi»d by 
dilute sulphuric acid, furnished a solution of moroxylic acid, which gave; 
acicular crystals on evaporation. This acid has the tiistc of succinic jund ; 
it is soluble in water and alcohol, and does not, like so!\ie of its salts, 
form precipitates in metallic solutions. The cjuantity of this acid 
examined by Klaproth was so Small, as to leave some doubt respecting its 
distinct nature. ^ ^ 

Verdic Acid. Tliis acid was extracted by Uungc, from several of 
the Umhelliferce and Plant aginete, &e., but chiefly from the root of the 
Scabiosa succisa, which, when dried, pow^derod, and digested in alcohol, 
yields a tincture from which ether tlin^ws down white flakes; these are 
dissolved in water, acetate of lead is added, and the precipitate decom- 
posed by sulphuretted hydrogen. On evaporation a yellow acid product 
is obtained: in this state Berzelius proposes to call it verdous acid. 
When saturated by an alkali, and exposed to air, it absorbs oxygen and 
becomes green. (Dumas, v,, 41 6.) ihe further examination of these 
compowds may, perhaps, throw some light upon the nature of the green 
eolouring-mattcr of leaves and plants. 

organic acids not hitherto mentioned, are noticed under other 

npnna \ * 
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§ XVIIL VEGETABLE ALKALOIDS, and Substances ass^iated 

WITH, OB ALLIED TO THEM. 

The discovery of these substances of the most curious ana im- 

portant of modem chemistiy. The irdt of them was detected in opium, 
in 1816, by Sertuemer of Einbeck, near Hanover. Several others were 
afterwards pointed out by Pelletier and Caventou, and among them 
cinchmia and quinia, (in different species of cinchona,) which have proved 
of so much use in medicine ; more lately, several others have been added to 
the list. These salifiable bases appear all to contain nitrogen as one of 
their ultimate elements ; they have a bitter taste, are, for the most part, 
very sparingly soluble in ivater, more soluble in alcohol, and readily soluble 
in most of the dilute acids : with infusion of galls, and with excess of 
iodic acid, they furnish diflicultly-soluble precipitates; their compounds 
with the acids are decomposed and precipitated by the alkali^. They 
arc mostly crystallizable ; and are represented by very high equivalent 
numbers. They restore the blue colour to reddened litmus. They arc 
found in plants united to certain acids, and usually forming neutral or 
acid salts, which, as well as their artificial combinations, are decomposed 
in the voltaic circle, and the base is evolved at^^the negative pole. 

In consequence of the analogy that pervades these principles, one 
genonil inethofl of separating them is applicable to all, though each may 
require peculiar modifications of it. The substance which contains them 
is boiled in water acidulated by muriatic acid, the decoction is filtered 
and neutmlized by ammonia, lime, or magnesia ; the alkaloid is preci- 
pitated, and is then to be separated and purified. 

]\roui>nTA : AND THE COMPONENT PARTS OP Opium. The chemical 
examination of opium hiis been remarkably productive in interesting 
results. It hfis led to the discovery of several alkaloids, and of a 
peculiar acid, with which they are combined; tlie substances which 
we shall have to describe under this head being the folioiviug : viz., 
morphia, narcotiiui, codeia, narceia, meeonia, thebaia, and meconic acid. 

Opium is the inspissated milky juice which flows from incisions made 
in the unrip<^ . seed-capsule of the poppy ; it is only effectively obtained 
in warm climates, and is imported into this country chiefly from Turkey 
and India : it contains the above-mentioned substances, upon which its 
extniordinary medicinal powers depend, together with several others of 
little importance, such as, gum, resin, cxtnwtive, ligneous matter, oil and 
caoutchouc. 

1. Morphia. Tlie first step^ the process for extracting morphia, 
and the other alkaloids, consists in cutting the opium into small pieces, 
and digesting it in distilled water at the temperature of about 100°, till 
its soluble parts are completely extracted: it affords a clear brown infusion. 
Smelling strongly of opium, and acid to tests. There are several modes 
of separating the morphia from it, but among them the two following are 
gencnilly employed : — 

a. The infusion of opium is concentrated by evaporation, and am- 
monia is dropped into it till that alkali is in slight excess; the precipitate 
which falls, and which is chieflp niorphia and narcotina, is digest^ in 
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pratf fpirity at a temperature of about 130°, which dissolves the greater 
part of the colouring-matter and narcotina : the morphia w'hich remains 
is dissolved in boiling absolute alcohol, and separates in crystals on 
cooling and evaporatipn. 

ft. But the best process for thev^traction <^||ftese substances is that 
proposed by Drs. Gregory and Robertson. Th^plution of opium is, if 
necessary, somewhat concentrated by evaporation, and a solution of pure 
chloride of calcium is added in sufficient quantity to precipitate all the 
sulphuric and meconic acids by which the alkaloids are held in solution : 
it is then filtered, evaporated to the consistency of syrup, and set aside 
to crystallize ; the crystals are strongly pressed to squeeze out the mother- 
liquor, which contains resin, extract, narcotine, and other matters ; the 
pressed crystals are then purified by treatment with animal charcoal and 
repeated ciystallization, till they are obtained colourless : they consist of 
muriate of morphia and muriate of codeia : they ore then dissolved, in 
hot u'ater, and ammonia is added, by which morphia is thrown down, 
and which being separated by filtration, and dissolved in boiling alcohol, 
is obtained in pure crystals. Tlio liquor from which the morphia has 
been precipitated, contains codeia in combination with muriate of am- 
monia and some raorphi^ it Js to he evaporated till it crystallizes, and 
the ciystallized mass diwblved in a small quantity of water and decom- 
posed by excess of caustic potassa ; codeia is thrown down, and when 
dissolved in ether, may be procured crystallized by its evaporation. 

The preceding, with some slight modifications, and technical manipu- 
lation is the best of the numerous processes which have been suggested 
for the preparation of morpliia ; of Aese, the reader will find an abstmet 
in Dumas, (Cftiw. app, aux Arts,^ v., 770.) 


Morphia^ when obtained from its alcoholic solution, is in ^ull 
brilliant and colourless crystals: tW are generally six-sided prisms, 
with diedral terminations, but theifVprimary form is a right rhombic 
prism. According to Liebig, these crystals are a hydrate of frtorphia. 
{Ann, de Chim, et Phys,^ xlvii. 198.) When gently heated, they become 
opaque and lose water : at a higher temperature morphia fuses .into a 
yellow liquid, which becomes white and crystalline on ccmcreting. In 
the air it bums with a bright resinous fiame.'' Morphia, though appa- 
rently insoluble in cold water, has a very bitter taste : boiling water 
dissolves not more than a hundredth of its weight, but the solution is 
alkdine to delicate tests. It dissolves in 40 parts of cold, and 30 of 
boiling anhydrous alcohol. It is almost insoluble in ether; hence the 
method of separating it from narcotine, which is readily soluble in that 
menstroum. Morphia, according to W^tstock, as quoted by Berzelius, is 
soluble in pots^ and soda, hence the necessity of avoiding the use of 
those alkalis in its precipitation. Ammonia dissolves it very sparingly, 
so that even that alkali ought not to be used in excess. 

The quantity of morpliia obtained from opium is variable ; the pro- 
wee is greatest firom Turkey opium, and least from the East Indian and 
Egyptian. The averse is about 1 oz. from the lb. 

Much has bron said respecting the methods of detecting morphia by 
^te: those which are commonly resorted to are nitric acid, which, 
when dropped upon crystallized morphia, fonds a hrijit-rcd solution ; 
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and neutral pcrcliloride of iron, which produces a very characteristic 
blue colour (or blue-green) ; wjhen added to morphia, or to its salto^ 
provided the solutions are ^ not very dilute. lodtc acid is, according to 
Serullas, the best test of the presence of morphia ; it produces a reddish- 
brown colour, and the ^^)>ur of iodine is immediately perceptible. The 
minutest quantity of imrphia has the property of decomposing iodic 
acid, but in cases where very small quantities are present, a solution of 
starch should be employed to detect the free iodine. 

Morphia, in its anhydrous state is^ according to Liebig, a compound 
of (34Ca7* + i8A+ fiO+W), its equivalent being 284; or, in detail, as 
follows. 


Carbon . ... 

34 

. . 204 

Liebig. 

. . 71.80 . . 

Brimde. 

72.0 . . 

Bmijr. 

69.0 

Hydrogen . . . 

18 

18 

6.34 . . 

5.5 . . 

6.S 

Oxygen 

G 

48 

. . 16.90 . . 

17.0 . . 

20.0 

Nitrogen .... 

1 

. 14 

4.96 

5.5 . . 

4.5 

Anhydrous l^Iorpliia 


~ 2 ^ 

iciOM 

100.0 

iob.o 


Crystallized Morphia includes, according to Liebig, 2 atoms of water, 
and is consequently represented by the equivalent 302, or (284 + 18.} 
Salts of Mohpiiia. These salts are obtained by dissolving 

pure morphia in the dilute acids: they ars colourless, and nearly all 
crystallizable, bitter, and give a pjecipitite of morphia with the alkaline 
carbonates, and with ammonia. Tannin, and infusion of galls, give 
precipitates with them, which are redissolved by acetic acid. 

SiTLPiTATE OP Morphia (Mon+S^) crystallizes in groups of acicular 
crystals, soluble in about twice their weight of water. This salt consists 


of LieWs. 

Morphui 1 . . 284 . . 75.2 . . 75.38 


Hulpiiuric iicid 1 • • 40 . • 10.6 • . 10.49 

Water v* • • . . 14.2 . . 14.13 

Crystallized sulpliatc of morphia 1 378 100.0 100.00 

Dried at 250° this salt loses 4 atoms of water, but retains the 2 
remaining atoms, (the quantity requisite to constitute crystallized mor- 
phia,) till heated up t^ts decomposing-point, so that that portion of 
water seems essential to the constitution of the sulphate. 

B18ULPIIATE OF Morphia (Moii 4. 2 3 ) is obtained by dissolving the 
sulphate in czeess of acid, and digesting in ether, which removes the 
excess of acid, but does not dissolve the bisulphate. 

Muriate op Morphia. (Mon+TTlWr'.) This salt is formed in 
Gregory and Robertson’s process,, above detailed : it may be produced 
directly by the actioif of muriatic gas upon anhydrous morphia: it forms 
acicular and plumose crystals, soluble in about 20 parts of water, and 
when the hot solution cools, it concretes into a crystalline mass : this is 
the case when the salt is prepared by dissolving morphia in hot liquid 
muriatic acid. Muriate of morphia is an anhydrous salt, composed of 


Li^bin. 

Morphia 1 . 284 . . 88.47 . . 88.7 

Muriatic acid 1 . • 37 • » 11.53 . « 11.3 


Muriate of morphia ... I 321 100.00 100.0 
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Nitrate OF Morphia (Mor+TIO^® formed by dissolving morpliia 
in very dilute nitric acid. It yields stellated groups of crystals, soluble 
in 1.6 of water. ^ 

Phosphate op Morphia (Mor crystallizes in cubes. 

Acetate op Morphia (MoR+fltC^) is frequently formed for medical 
use by dissolving a given weight of morphia in a sufficient quantity of 
distilled vinegar. It crystallizes diflScultly in ncicular bundles. During^ 
evaporation it easily parts with a portion of its acid, and is apt to be of 
uncertain composition, hence it is less appropriate for medical use than 
the muriate or sulphate. 

2. — Codeia. This alkaloid was discovered by llobiquet, in 1832, in 
the muriate of morphia prepared by Gregory and Robertson's process. 
{Ann, de Chim, et Phys,^ li. 269.) On dissolving the mixed muriates in 
water, and precipitating the morphia by ammonia, the codeia remains, as 
already remarked, in solution, and crystallizes by subsequent evaporation: 
it may be separated, as above stated, by ether. According to Pelletitu*, 
100 pounds of opium yield 0 ounces of codeia; according to C’hristisoii, 
the proportion of codeia varies in the varieties of opium : amounting 
in Turkey opium to one-thirtieth, and in East Indian opium to one-twelfth 
of the muriate of morphi^' obtained from those respective varieties. 

Codeia crytallizos in acicular, or flat prisms, colourless and tnnispa- 
rent. It fuses without decomposition* when heated in a tube to about 
300°, and the mass crystallizes on cooling. lii the air, it burns ayay 
with a smoky flame. Water, at (50°, dissolves 1.20 per cent,: at 110°, 
3.7, and at 212°, 5.9 per cent. When it is present in largtT proportions 
than the Avater can dissolve, the excess fuses, and re'mains at the bottom 
of the solution. Its solution is sensibly alkaline to firsts. C*odeia is 
soluble in the dilute acids, and forms distinct and easily-crystallizable 
salts. Its medicinal action has not been accurately determined. It is 
distinguished from morphia by its greater solubility in water, by its 
insolubility in fixed alkalis, by its not being reddened by nitric acid, nor 
blued by perchloride of iron. 

Codeia is represented by (si CCLV -f s-o A + 5 0 + 71) its equivalent being 


or 

Carbon . . . . 


186 

71.0 

72.0 

Hydrogen . . . 

20 

20 

7.7 

7.5 

Oxygen . . . . 

5 

40 

lft.4 

IS.l 

Nitrogen . . . . 

1 

14 

6..3 

. . «. l 

Anhydrous codeia 

1 

200 

100.0 

100.0 


Crystallized codeia includes 2 atoms of water, its symbol therefore 
is, (Cod +2 5^) and its equivalent 278. (260 + 1 4) The only salt of 
codeia which has been analyzed, is the muriatic it is anhydrous, and 
consists of 260 codeia + 37 muriatic acid, its equivalent being 297, und 
its abbreviated symbol (Cod +mwr'.) 

. 3. Narceia. This alkaloid, discovered by Pelletier in 1832, was 

obtained as follows : {Ann. de Chim. et Phys.^ l. 262.) An infusion of 
Turkey opium was filtered and very carefully evaporated till it left a solid 
extract, which, redissolved in distilled water, left a large portion of crys- 
talhzednarcotina; this being separated, the liquid was heated to 212°, 
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and a slight (Excess of ammonia added to throw down morphia, after 
which the ebullition was continued for 10 minutes to drive off ammonia: 
on cooling, the morphia crystallized, not pure, but mixed with narcotina 
and meconia. After having thus separated the greater part of the morphia 
by ammonia, the residuary liquor was reduced to half its original bulk by 
evaporation, and on cooling, morphia was again deposited, which being 
removed, baryta-water was added to the liquor, by which meconate of 
baryta was thrown down and separated by filtration. Subcarbonate of 
ammonia was then added to the filtered liquor to separate the remaining 
baryta, and heat applied, to drive off the excess of the sulKarbonate of 
ammonia. The liquor wstf then filtered, evaporated to the consistence of 
thick syrup, and left for several days in a cool place, when it formed a 
pulpy mass including crystals: this was suffered to drain, dried by strong 
pressure in linen, and digested in boiling alcohol : the alcoholic solution, re- 
duced to a small bulk by distillation, furnished on cooling a crystalline sub- 
stance : this, purified by repeated solutions and cr}'stallization, is Karceia, 
Pure narceia forms white silky crystals, or acicular prisms, inodorous, 
bitterish and slightly pungent, soluble in 37» parts of cold and in 2.30 of 
boiling water; soluble in alcohol but not in ether;* fusible at about 108°, 
and concreting into a white translucent and somewhat crystalline mass; 
it becomes yellow at 220°, and at higher temperatures is decomposed; it 
is more fusible than morphia or narcotina. It is decomposed by the 
stronger acids, but when diluted they dissolve and combine with it, pro- 
ducing at first a blue colour, which p<asses into purple or red, and then 


disappears. Narceia 

appears to co;isist of 


Pelletier. 

Carbon .... 

.32 

I»2 

54.4 

. » 54J'3 

Hydrogen . . . 

.20 

20 

5.7 

6.52 

Oxygen . . . 

.16 

126 

sao 

. . 34.42 

Nitrogi'ii . . . 

. 1 

14 

3.9 

4.33 

Anhydrous narceia 

. 1 

354 

100.0 

10000 


4. JVIeco.nia. This substance was discovered by Dublanc and Couorbo 
{Ann, dc Chim, el Phys,^ L.) They obtained it by digesting opium in 
cold water, filtering the infusion, concentrating it by evaporation, and 
adding aninionia as long' as it occasions a precipit^ito; after some days the 
supernatant li<[uid is poured olf, gently evaporated to the consistence of 
syrup, {ind left in a cool place for 15 or 20 days, when it deposits granular 
crystals, which arc collected, drained, pressed, and dried by a gentle 
h(‘at: they contain meconia, iiartHUii, and other substances: they are 
boiled ill iilcohol, and the solution is evaporated to about one-third its 
bulk, when on cooling it deposits crystids, wdiich arc collected, dissolved 
in boiling water, imd filtered with animal charcoal; white crystals arc 
obtained of meconia and narccia; ether dissolves the former, and leaves the: 
latter; on evaporating the ethereal solution the meconia remains? (This is 
only an outline of the essential parts of the process: the details of mani- 
pulation are omitted, but they will suggest themselves to the practical 
operator. The quantity of meconia in opium is so small, that from 15 to 
2U lbs* must be operated upon satisihetorily to extract it.) 

Mccotiia is white, inodorous, slightly acrid on tho tourae, soluble in 
water, alcohol, mid ether, and crystullizable : it fuses at 195 , and at about 
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350®, it distils over unaltered, and concretes into a white mass looking 
like fat. It forms a colourless solution in sulphuric acid diluted with 
half its weight of water, but on applying heat to this solution it becomes 
green and is decomposed. Nitric acid dissolves it, and converts it into 
a peculiar ciystallizable product. It is decomposed by chlorine. 

The nature of this substance has been hitherto very imperfectly ascer- 
tained : according to Couerbe it contains no nitrogen, but consists of 
(eCflSr-b 4 A+ 40)s=:82: or percent 00.23 carbon, 4.74 hydrogen, 35.03 
oxygen. 

5. Thebaia. This crystalline substance, jjj^GrereA also by Couerbe, 
requires, like the former, ^rther examination; it exists in opium in small 
proportion only, and can only be obtained, therefore, by those who have 
an opportunity of operating upon large quantities. Thebaia is represented 
as eminently alkaline, and as forming distinct salts by solution in the 
dilute acids. It is converted into a resinous product by the stronger acids, 
and is soluble in alcohol and ether. 

0. Nabcotina. liiis well-defined and distinct principle was dis- 
covered in 1804 by D&osne (Ann. de Chim.^ xlv. 257.) Its peculiarities 
were ^rst pointed out by Robiquet in 181 7 (Ann. de Chim. et Phys.^ v., 
and li.^ 275.) Its alkaline chai'acters are not very distinct, but the com- 
pounds which it forms with the acids, and its ultimate composition, place 
it among the alkaloids. It is contained in some kinds of opium, espe- 
cially in that recently imported under the name of Egyptian apivm^ in a 
proportion nearly, if not quite, equal to that of the morphia. The efiects 
of this ^substance upon the animal economy have not been very satisfac- 
torily ascertained, but there can be little doubt that they are perfectly 
distinct from those of morphia, and that opium deprived of narcotina, is 
more directly sedative, and less stimulating ; hence the important uses of the 
salts of morphia in preference to opium, and the advantage of using opium, 
in many instances at least, from which the narcotina has been abstracted. 

Narcotina may be obtained from powdered opium by digesting it in 
warm ether, which takes up little else than narcotina, and yields it in 
crystals. When caustic potassa is added to an aqueous solution of opium, 
so as just to saturate the free acid, the matter which falls consists chiefiy 
of resin and narcotina. When all the soluble parts of opium have been 
extracted by water, the residue, digested in dilute muriatic acid, also 
yields narcotina*. Other means of obtaining narcotina and of separating 
it from morphia, will be evident, from the account of that alkaloid. Dr. 
Robertson's method consists in boiling the impure morphia in water, and 
adding muriate of ammonia, as long as ammonia is evolved in consequence 
of the decomposition of that salt by the morphia, at a boiling heat; the 
muriate of morphia so formed is dissolved, and the narcotina remains. 

NarcIStina is deposited from its alcoholic or ethereal solution in well- 
defined crystals, insoluble in cold, and veiy sparingly soluble in hot water; 
soluble in the fat oi^ ; not bitter j and yielding no blue colour with pre- 
chloride of iroh: it is readily soluble in dilute acids, and yields i^ts 

^ * For beautiful specimens of the prin- the other alkaloids, I am much indebted 
cipal products of opium, and for much to Mr. Morsonof Southtopton-row, wlio 
useful infonuation respecting these and prepares them upen an extensive scale. 
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ivhich have been but imperfectly examined ; they are very bitter, and 
difficultly obtained in the crystalline state, for when evaporated they 
are mostly decomposed into acid and narcotina, and crystals of the latter 
only separate. This is especially the case with the acetate of narcotina, 
and furnishes a means of separating it from morphia, for the latter sub- 
stance is retained in permanent combination and solution. Narcotina 
absorbs muriatic acid gas, and is extremely soluble in muriatic md, 
yielding a salt which is best obtained ^y carefully evaporating the 
muriatic solution of narcotina to dryness and redissolving in alcohol, from 
which solution the crystallized muriate of narcotina may be obtained: it 
consists, according to RoUquet of 91.1 narcotina + 8.9 muriatic acid. 
According to Liebig narcotina consists of (ioC^T* + ao/t + i2 0+7l) = 
870 or • 


Carbon 

. 40 


240 

65.0 

Liebig. 

65.27 

Hydrogen . 

. 20 

. , 

20 

5.4 

5.32 

Oxygen . 

. 12 

. , 

96 

25.9 

25.63 

Nitrogen . 

1 

. . 

14 

3.7 

3.78 

Narcotina . 

TT 


370 

100.0 

100.00 


7. Meconic Acid. The existence of a distinct acid in opium was 
announced by Seguin in 1804 (^Ann, de Ckim.^ xcii. 225) and shortly 
afterwards by Sertuerner, who gave it the above name (from P^PPy) 

(Ann, de Chim. et JPAy.?., v., 21.) It may be most conveniently extracted 
from the precipitate obtained by adding chloride of calcium to infusion of 
opium, in the process for procuring morphia, (p. 1016.) This precipitate is 
washed first with w'ater, and then with hot alcohol, and mixed with 1 0 
times its weight of water, at 195^, and muriatic acid is gradually added, 
so as to dissolve the meconate of lime (which forms the bulk of the pre- 
cipitate) and leave the sulphate of lime ; the solution is filtered, and on 
cooling deposits crystals of bimeconate of lime: these are again dissolved 
in hot dilute muriatic acid, by which the lime is abstracted, and crystals 
of meconic acid obtained, which, if pure, should leave no residue when 
burned : they must be redissolved in the acid, and recrystallized, till they 
are obtained in this state, but care must be taken to keep the temperature of 
their solutions below 212°. To abstract the whole of the colouring-matter 
from this acid, it must be saturated by a weak solution of caustic potassa, 
and the meconate of potassa dissolved by the aid of gentle heat in a little 
water: when cold, the fluid part, which retains the colour, must be pressed 
out of the crystals, and these, decomposed as before by muriatic acid, 
ultimately yield the meconic acid in small white crystals, which must be 
dried at a temperature below 100°. 

Meconic acid crystallizes in transparent and iflicaceous scales of an 
acid taste, soluble in 4 parts of hot water, and in alcohol. The crystals 
are permanent in the air, but when heated to 212° they lose 21.5 per 
cent, of water: they then sustain a temperature of 240° without decom- 
position; but if boiled in water, carbonic acid is evolved, the solution 

becomes brown, and metameconic acid is formed. ' 

Meconic acid consists, according to Liebig, de Chim,^ liv., 26,) 
of (7 COLT + A + 7 0), its equivalent being = 100, or 
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liifibi)?. 

Carbon 7 • • 42 . . 42.4(> 

< Hydrogen .... 2 • . 2 . . 1.98 

Oxygen 7 • • 69 . . 56.56 


Meconic acid ... 1 100 100.00 

Mecqnates. The meconic acid fcprms neutral, acid, and subsalts : the 
bimeconates are difficult of decomposition. One of the leading charac- 
terg bf this acid and of its salts, is that of forming compounds ivith the 
peroxide of iron of an intenK^lj red colour, very similar to that of the 
sulphobyanate of iron ; so that the persalts of iron are excellent tests of 
its presence, and by them opium may soin^imcs be recognised, where the 
quantity is so small as to render the morphia very difficult of detection, 
iliis red colour is destroy cd by heat, and by sulphurous acid oxA proto- 
chloride of tin ; but it returns on exposure to air, or on the addition of a 
few drops of nitric acid. 

The mcconates of ammonia and of potasso become less soluble by 
excess of acid ; the meconates of lime, baryta, strontia, and lead, are 
rendered more soluble by excess of acid ; when neutral, they arc insoluble, 
or nearly so, in water ; but soluble in nitric acid. The meconate of lead 
may be decomposed by sulphuretted hydrogen. The meconate of silver 
(Ao+TTldCO is throAvn down in the form of a white powder, when 
nitrate of silver is dropped into* a solution of meconib acid : if the pre- 
cipitate be ^edissolvcd by the addition of nitric acid, and the mixture 
heated, cyanuret of silver is produced: the liquid, originally transparent, 
becomes opaque from the formation of the cyanurct, and when this is 
deposited, oxalate of silver is found in the supernatant liquid, which may 
be thrown down by the cautious addition of ammonia : excess of nitric 
acid converts the whole into oxalate, without any formation of cyanurct. 
(Liebig.) 

8. Metameconic Acid. When an aqueous solution of "bieconic acid 
is boiled, it is converted into metameconic acid and carbonic acid : the 
acid at the same time becomes discoloured ; so that pure and colourless 
metameconic acid is best obtained by decomposing meconate of potassa 
or of lime, at a boiling heat^ by muriatic acid ; it is then less coloured, 
and may be obtained colourless by the help of animal charcoal. 

Metameconic acid is less soluble than the meconic; it forms hard 
crystalline grains, requiring 16 parts of hot water for solution. It red- 
dens the persalts of iron ; and is converted into oxalic acid by nitric acid. 
The neutral metamcconates of ammonia and potassa are*3fflcultlvj9olu- 
ble tn water : excess of acid renders them more soluble. #. ^ q 

Metameconic acid is anhydrous, and consists, according to Liebig, of 
(li CaV + 4 A + 10 0), its equivalent being 156, or ' 


; - w ^ laeiMK. 

Carbon 12 . . 72 . . 46.1 . • 46.62 

Hydrogen 4 . • 4 . . 2.7 . . 2.53 

Oxygon 10 . . 80 . . 51.2 . . 50.85 


Anhydrous metameconic acid .1 I5C lA.d * 100.00 

Uence 2 atoms of meconic acid = 2 (7 CUT +2^ + 70), yield 1 atom 
of mdtameconic acid = (12 CCLV + ^ tl + 1 ® O), and 2 atoms of carbonic 
'a^id = 2 {CdT -b 2 o), and this represeiitfirthe cha^c which the meyonic 
* acid suffers when boiled with watCT. 
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9. Pyromeconic Acid. This acid is among the products of the 
destructive distillation of the meconic acid ; it is a crystalline sublimate, 
which fuses at a temperature of about 250^. It is volatile, soluble in 
water and alcohol, reddens the persalts of iron, and forms many soluble 
salts. This acid, when anhydrous, appears to be constituted of (lo CCLT 
4- 3 A -4- 5 0) = 2 ^ 103. The neutr^ P 3 rromeconate of lead consists of 


Pyromeconic acid 1 

103 

. . 47.9 

Liebifr. 

. . 48.3 

Oxide of lead 1 

•112 

. . 52.1 

. • 51.7 

Anhydrous pyromeconatc of lead 1 , 

215 

100.0 

100.0 

Dumas observes, that tha^hydraled 

pyromeconic acid. 

consisting of 


1 atom of the anhydrous acid and 1 of water, is isomeric ^vith the anhy- 
drous pyrocitric, and with the hydrated p 3 rromucic acid. 

II. CiNciioNiA. Quinia. Aricina. CiNcnoNio Acid. The exist- 
ence of a peculiar principle in pale Peruvian hark^ (the bark of the 
Cinchona Condaminea or lancifoUa^ was originally suggested by the late 
Dr. Duncan ; he considered it as the source of its medicinal powers, and 
proposed to call it Cinchonine : it was afterwards procured in a crystal- 
line form by Dr. Gomes of Lisbon ; but its peculiar alkaloid properties, 
and ready and certain methods of preparing it, were first made known by 
Pelletier and Caventou, in 1820. {Ann. de Chim. el Phys.^ xv., 291 
and 337 .) Tliey also discovered another analogous hut distinct principle 
in Yellow Peruvian Bark {Cinchona cordifolin\ which has been termed 
Cluinia ; and in the Red Peruvian Bark {Cinchona ohlongifolia\ they 
found the two preceding alkidoids, nearly in equal proportions. In 1829, 
Pelletier and Coriol discovered a third s^aloid in a species of bark from 
Arica, the botanical liistory of which is not known, but which they have 
termed Aricina*, 

1. CiNciioNiA. This alkaloid may be obtained from pale Peruvian 
barkt, by the following process. A pound of the bruised bark {Cinchona 
lancifolia of the Pharmacopoeia) is boiled in about a gallon of water, 
acidulated by three fluid drachms of sulphuric acid, ^similar decoction 
is repeated with about half the quantity of liquid, and so on, till all the 
soluble matter is extracted. The decoctions arc then mixed iind strained, 
and powdered lime added, in a propoitioii somewhat greater than neces- 
sary to saturate the acid : the precipitate that ensues (a mixture chiefly 
of cinchonia and sulphate of lime) is collected, carefully dried, and boiled 
for some minutes in strong alcohol, which is then decanted off, wJiiile 
hot, and fresh portions are successively added for the repetition of the same 
operation, until it ceases to act upon the residue, which is now little else 
than sulphate of lime. The different alcoholic solutions are then put into 

* The French chemists designate Caventou. In the Cinchmia hneifoliay or 
tliese bases by the termination ins, mor- pale bark, they found the following con- 
phine, quinine, &o. As far ns possible stitiient parts: — 1. Cinchonia, combined 
. we are in the Wbit of distinguishing with kinic (or cinchonic)\cid. 2. Green 
«a/t/ia6/^6cjr5bytKetemiinationa,hencQ fatty matter. 3. Red and yellow coi^ 
cm' terms morphia, quinta, cinchonia, 8lc, louring-matter. 4. Tannin. 5. Kinat# 

f The varieties of Peruvian bark nave (or ciiichonate) of lime. 6. Gum. 7. 
been examined by MM. Pelletier and Sl^h. 8. Lignin. 
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aretoli; or still, and considerably evaporated ; during which, and especially 
on cooling, cinchonia is deposited? When the whole is thus collected, 
theinnchonia must be redissolved in alcohol, and crystallized by its slow 
evaporation. It may be deprived of colour and slight impurities by the 
action of animal charcoal, and two or more crystallizations. In the pre- 
ceding process muriatic acid may be used instead of sulphuric, in which 
case the precipitate is not encumbered with sulphate of lime^ 

Cinchonia is thus obtained in the form of white semitransparent 
crystals, requiring about 2500 parts of water, at 212°, for their solu- 
tion, and are almost insoluble in cold water. Tliey have little taste, but 
become intensely bitter upon the addition of almost any acid. They 
restore the blue colour of reddened litmus. They are sparingly soluble 
in cold alcohol, ether, and fixed oils ; but abundantly soluble in boiling 
alcohol, and the solution deposits crystals on cooling, ^d becomes milky 
when dropped into water. 

When cinchonia is heated in a small tube-retort, ammonia is evolved, 
recognised by its odour, action upon turmeric, and upon a glass rod 
moistened with muriatic acid : the odour of hydrocyanic acid may also 
be perceived ; an oily matter, smelling like naphtha, distils %Yer, and an 
abundant carbonaceous residue remains. The most remarkable circum- 
stance attending this decomposition (provided the cinchonia be pure, and 
air carefully excluded), is the absence of aqueous vapour, even when the 
products were made to pass through a cooled tube. This led me to 
suspect the absence of oxygen in cinchonia {Ctuarterly^ Journal^ xvi.) ; 
an opinion corroborated by its want of action upon ^tasshlm when 
heated with that metal in naphtha : the cinchonia, under these circum- 
stances, readily dissolves in boiling naphtha, and again entirely separates 
as the solution cools, concreting into a radiated crys^lized mass, in which 
the brilliant globules of potassium are disseminated. The experiments 
which I made to determine4he ultimate components of cinchonia, led me 
to regard it as a ternary compound of 79.3 per cent, carbon, 7.1 hydrogen, 
and 13.6 nitrogen, and I represented it as a base^ of which certain other 


alkaloids might possibly be oxides: 

but the subsequent, and probably 

more accuraten-esearches of Pelletier and Dumas have shown that it 

sistH of (20 CCLT + 

ii A 4- 0 -f 71), its apparent 

equivalent being 153; or 





Dumiia 




• 


aorl PelU'tier. 

Braitrlu. 

Carbon . . . 

20 . 

. 120 . 

. 78.6 

. . 78.67 . . 

' 79.3 

Hydrogen . . 

11 

11 . 

. 7.2 , 

7*06 . . 

7.1 

Oxygen . . . 

1 . 

a . 

5.2 . 

, . 5.16 . . 

0.0 

Nitrogen . . 

1 

14 . 

9.1 

9.11 . . 

13.6 

Cinchonia 

TT 

153 

100.0 

100.00 ' ^ 

100.0 


The salts of cinchonia have been examined by Baup (Ann. de Ch. et Pkys., 
xxvii., 323), and by Pelletier, Caventou, and Dumas (/i., xv. and xxiv.) 

Sulphate of Cinchonia. Hiere is a subsulphate or disulphate, and 
a neutral sulghate of this base. The neutral sulphate^ obtained by dis- 
solving cinchonia in excess of dilute sulphuric acid, and evaporating till 
a pellicle forms, ciystallizes in rhomboidal octocfdra, which become opaque, 

^d arc efflo^scent, soluble in less than their weight of water at 00®, and 

in alcohol, but not in ether. They consist of (Cin + + 4 q\ or 
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Daup. 

Cinchonia ........ I . . 154’ . . 66.7 • • 67.241 

Sulphuric acid 1 . . 40 . . 17.6 . . 17.241 

Water . . . . 4 .. 36 . . 15.7 .. 15.518 

Crystallized sulphate of cinchonia 1 230 100.0 100.000 

SuBSVLPHATE, OR DisuLPHATE OP CiNCHONiA. This Salt requires 
between 50 and 60 parts of water at 60® for its solution : it is obtained 
by digesting excess of cinchonia in the dilute acid : it forms rhomboidal 
prisms (2 Cjn + 5' + 2 ^), or composed of 


Baiip 

, Cinchonia 2 . . 303 . . 84.41 

Sulphuric acid I . . 40 . . 10.91 

Water 2 . . 18 . . 4.(^8 


Crystallized disulphate of cinchonia . 1 * 366 100.00 

Muriate op Cinchonia. (Cin + TlflUT^.) Anhydrous rinchonia 
absorbs muriatic acid gas, and produces a neutral muriate, composed, 


according to Liebig, of 

Cinchonia 1 


154 

80.4 

Liebig. 

81 

Muriatic acid .... 1 


37 

l!l.6 

19 

Muriate of cinchonia . . 1 


191 

100.0 

100. 


Submuriate, or Dimuriate op Cinchonia. (2 Cin + TIflUTf.) When 
cinchonia in excess is digested in dilute muriatic acid, a soluble salt, 
forming acicular crystals, is obtained, composed, according to Pelletier 


and Caventou, of 

Cinchonia .... 2 

308 

89.1 

Pelletier 
ttud Caventou. 

. . 89.6 

Muriatic acid ... 1 

37 

10.9 

. . 10.5 

Dimuriate of cinchonia 1 

345 

100.0 

100.0 

Nitrate op Cinchonia. (Cin 71^.) 

When very dilute nitric acid is 


saturated by cinchonia, a portion of the nitrate formed separates in the 
form of liquid globules, looking like oil, which, in the course of a few 
days, become groups of acicular crystals. This property belongs also to 
qu0)iia, and may serve to distinguish these from other alkaloids. 

Chlorate op Cinchonia, (Cin+cO? obtained by saturating chloric 
acid by cinchonia, forms clusters of white crystals. When heated, they 
first fuse* and then explode. 

Iodatb of Cinchonia forms delicate prismatic crystals. 

Arseniate of Cinchonia is a very soluble, and difficultly-crystal- 
lizable salt. 

Gallate op Cinchonia is a difficultly-soluble salt. 

Oxalate op Cinchonia. The neutr^ oxalate is difficultly soluble in 
cold water : it is rendered more soluble by excess of, acid ; it is thrown 
down when oxalate of ammonia is added to a neutral solution of a salt of 
cinchonia, in the form of a white powder, very sparingly soluble in hot 
water : this salt is soluble in hot alcohol, and part separates as the solu- 
tion cools. 

Acetate op Cinchonia. Acetic add dissolves cinchonia : the Solu- 
tion is always acid ; when evaporated it lets fall small crystals on cooling, 
which are neutral and difficultly soluble. When, on the contrary, the 

3u 
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Bolution is eyaporated to dr 3 riies 8 , a gum-like mass is obtained, which is 
resolved by cold water into a soluble superacetate, and an insoluble 
subacetate. 

Carbonate op Cinchonia. This salt is said to be precipitoted from 
the solutions of cinchonia by carbonated alkalis, and moist cinchonia is 
stated to absorb carbonic acid from the air, and then to effervesce when 
dissolved in acids. 

2. Quinia. Quinia is obtained from yellow bark by a process pre- 
cisely similar to that for procuring cinchonia from pale bark. But, as 
sulphate of quinia is abundantly prepared for medical use, that salt is a 
more ready source of the alkaloid: it is obtained by adding ammonia to 
a solution of the sulphat^ when it falls in white flakes, which are apt, on 
drying, to become brown. Quinia is very difficult of crystallization, but 
it has been obtained in that form by very slowly evaporating its alcoholic 
solution by exposure to cold dry air. It may also be crystallized, according 
to Henri and Delondre {Jour, de Pharm,^ xx., 157), by dissolving pure 
and crystallized sulphate of quinia in a large quantity of water, decom- 
posing it by ammonia, washing the precipitate, dissolving it in weak 
alcohol, and adding water to the solution till it becomes milky : it is then 
left for some days exposed to the air, when portions of i;he separated quinia, 
which at first resembled fluid resin, gradually become crystalline, forming 
radiated and acicular groups, which are efflorescent. These crystals are 
hydrate of quinia; when heated they first soften, then become white and 
pulverulent, and, when fused, lose water; the fused quinia concretes into 
a resin-like mass, which, if cooled very slowly, shows signs of crystalliza- 
tion, and becomes negatively electric by friction: in water it gradually 
returns to the state of hydrate. 

Quinia has a decided alkaline action upon proper tests ; it is intensely 
bitter; very sparingly soluble, even in boiling water; readily soluble in 
boiling alcohol, which, when evaporated, leaves it in the form of a viscid 
mass: it is more soluble than cinchonia in ether. It forms distinct salts 
with the acids When heated in a tube it fuses, becomes thick, viscid, 
and dark-coloured, an oily liquid evaporates, ammoniacal and hydrocyanic 
vapours follow, and a bulky carbonaceous matter remains. 


Anhydrous 

quinia consists of ( 20 CUT + i 2 ft + 2 

Pulletirr 
*and I.iebig. 

0 + n) = 

G'ibel. 

162; or, 

Brando f 

Carbon . . 

. . 20 

... 120 

.. 74.0 

... 74.39 

... 72.28 .. 

73.80 

Hydrogen 

. . 12 

... 12 

.. 7.4 

... 7.25 

... 8.33 .. 

7.66 

Oxygen . . 

. . 2 

... 16 . 

9.9 

... 9.74 

... 11.10 ... 

5.65 

Nitrogen 

. . 1 

... 14 

.. 6.7 

... 8.62 

... 8.29 .. 

. 13.00 

Anhydrous Quinia, 1 


ioo”o 

100.00 

100.00 

100.00 


* When quinia is obtained from the be freed from cinchonia: or they may be 
common varieties of yellow bark, it al- converted into miphaieg, and then, the 
most always contains more or less cin- sulphate of quinia, being less soluble 
chonia: these Alkaloids may be separated than the sulphate of cinchonia, crys- 

by solution in alcohol, which, when duly taUizes, and leaves the latter salt in 
evaporated, deposits the cinchonia in solution. 

while the quini% being more f I insert my own analyses here, be- 
soluble, rem^s in solution ; by one or cause they were made with much care 
more repetitions of this process it may at the time, and are singularly consistent 



QUIKIA. 


1027 

SuLPHATK OF QuiNiA., Tliis Salt has excited great attention on. 
account of its medicinal importance ; its manufacture is chiefly carried on 
in Paris*, though large quantities of it have occasionally been prepared 
in this country. The quinia is obtained from yellow bark, and dissolved 
in dilute sulphuric acid: the fl^gt crops of the salt are decoloured by 
animal charcoal ; it is again crystallized, and very carefully dried : this 
operation requires care, for if the desiccation is carried too far, the salt 
loses its crystalline character, and crumbles down into powder. 

The sulphate of quinta^ as it occurs in commerce, is at present 
regarded as a subsalt, or a Disulphate, and is such, in reference to the 
above equivalent of quinia: but by some, an equivalent has been assumed 
which represents this as a neutral sulphate. 

Disulphate op Quinia forms long acicular crystals, efflorescent, 
intensely bitter, and requiring about 740 parts of cold, and 30 parts of 
boiling, water, for their solution. They <arc soluble in 24 parts of cold 
alcohol (specific gravity 850), and much more soluble in boiling alcohol. 
This salt readily fuses, looking at first like melted wax, it then reddens, 
and begins to be decomposed; in the air it burns, producing at first a 
bulky charcoal, which, by continued heat, is consumed without residue ; 
we are thus enabled to discover certain adulterations which arc practised 
upon itf. It has the curious property of becoming luminous when heated 
to about 212^; its phosphorescence is increased by friction, and electricity 
is, at the same time, manifest. 

The accurate determination of the composition of this salt, in its 
various states, is interesting and important; upon this subject there is 
some difference in the statements of different aicthors: the following, as 
given by Dumas and Baup, agrees with my own observations, but Liebig 


with the results of Pelletier, Dumas, and 
Liebig, as far as the carbon and hydrogen 
are concerned ; in respect to the nitro- , 
gen, I cannot account for the discre- : 
pancy, or for the cause of the probable 
error in my own experiments. These 
analyses, which were published in the 
Quarterly Journal^ vol. xvi., fomied part 
of a paper which was intended for the 
Royal Society, and in which I first 
pointed out the existence of nitrogen as 
a cliaracteristic element of the allwloids 
then known. The paper was not read, 
and, on the arrival of the Annales de 
Chimiey containing Pelletier and Dumas* 
announcement of the same fact, it n^as 
withdrawn at the recommendation of 
the President. 

• 120,000 oimces are annually export- 
ed from Paris. (Dumas.) 

+ The subBtances commonly employed 
for the adulteration of sulphate of quinia i 
are, water, sugar, gum, starch, ammo- 
niacal salts, aud earthy salts, such as 
sulphate of lime and magnesia, or acetate 
of lime. Pure sulphate of quinia, when 
deprived of its water of crystallization 


by a heat of 212°, should lose only from 
8 to 10 per cent, of water. Sugar may 
be detected by dissolving the suspected 
salt in w'ater, and adding precisely so 
much carbonate of potassa as will pre- 
cipitate the quinia. The taste of the 
sugar, no longer obscured by the bitter 
of the quinia, will generally be jierceived ; 
and it may be separated from the sul- 
pliate of potassa by evaporating gently 
; to dryness and dissolving the sugar by 
^ boiling alcohol. Gum and starch are 
left when the impure sulphate of quinia 
is digested in strong alcohol. Ammo- 
I niacal salts are discovered by the strong 
odour of ammonia, which may be ob- 
served when the sulphate is put into a 
warm solution of potassa. Earthy salts 
may be detected by burning a portion of 
the sulphate. Several of the preceding 

directions are token from a paper on the 
subject by Mr. Phillips. {PhU. Mag, and 
Ann., iii., 11 1, and Turner's Elements.) 

I According to Dumas, margario alHd is 
I sometimes mixed with sulphate of quinia ; 
I it is detected by its insolubility in dilute 
' muriatic acid. 

3 u 2 
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does not admit tlie existence of an anhydrous basic sulphate^ which ought 
to consist of 

Batip. 

Qiiinia ....... 2 ... 324 ... 89 ... 89.1 

Sulphuric acid 1 ... 40 ... 11 ... 10.9 


Anhydrous disulphate of quinia 1 ^ 364 100 100.0 

The ordinary sulphate of quinia, or the crystallized disulphate. 


consists of 

Duma*}. 

Quinia 2 ... 324 ... 74.3 ... 74.6 

Sulphuric acid ..... 1 ... 40 ... 9.1 ... 9.1 

Water 8 ... 72 ... 16.6 ... 16.3 


Crystallized disulphate of quinia 1 436 100.0 100.0 

When the salt effloresces, or when dried at 212°, it loses 4 atoms of 
its water, and when dried at 240° it loses 6 atoms, retaining 2, which, 
according to Baup, may be expelled by a higher .temperature, but which 
are retained, according to Liebig, till the salt decomposes. 

When the disulphate of quinia is triturated with dilute sulphuric 
acid, it first forms a white magma, which afterwards dissolves on 
adding more of the acid, and on evaporating this solution, or, if con - 
centrated, on leaving it at rest, prismatic crystals of the neutral sulphate 
(according to our equivalent) are formed. This salt is much more soluble 
than the preceding, and at 212° it fuses in its water of crystallization; 
when dissolved in alcohol its solution yields crystals, which fall to powder 
on exposure to air. This sulphate, in crystals, is composed, according to 
Dumas, of 

Dumas. 


Quinia 1 ... 162 ... 59.0 ... 59.4 

Sulphuric acid 1 ... 40 ... 14.6 ... 14.3 

Water 8 ... 72 ... 26.4 ... 26.3 

Crystallized sulphate of quinia . 1 274 100.0 100.0 

The various sulphates of quinia, therefore, may be thus represented : 

Symbols. Bquivaluuts. 

1. Anhydrous disulphate . . =(^Qm + S/) .... 364 

2. Crystallized disulphate . . = ( 2 Qui + + 8 . . 436 

3. Effloresced disulpbate . . = ( 2 Qui + 6 ' -f 4 . . 400 

4. Do. dried at 240® . . r= (2 Qui + 4- 2 ^^) . . 382 

5. Anhydrous sulphate . . . = ( Qui 4 . . . . . 202 

6 . Crystallized sulphate ...=:( Qui + S ' 4 - 8 5 ^ ) . . 274 


Muriate of Quinta. (Qui + TlflUT^,) When dry quinia is exposed 
to a current of muriatic acid gas, it absorbs 18 per cent., and forms a salt 
more soluble than the sulphate. (Liebig.) When quinia is dissolved in 
muriatic acid, the solution affords nacreous crystals, on evaporation, which 
are more soluble than sulphate of quinia, and less soluble than muriate 
of cinchonia: they contain about 7 per cent, of muriatic acid. (Pelletier 
and Caventou.) Probably, therefore, there are two muriates of quinia ; 
regarding Liebig’s salt as anhydrous it would consist of 


Liebig. 

Quinia 1 ... 162 ... 81.6 81.9 

Muriatic acid ..... 1 ... ,37 ... 18.5 ... 18.1 


Anhydrous muriate of quinia . 1 199 100.0 100.0 
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Nitrate op Quinia. When qninia is dissolved in diluted nitric acid, 
and the solution evaporated, the nitrate separates in the form of an oil- 
like liquid, which gradually ciystallizes. (Pelletier, Caventou, Dumas.) 

Phosphate op Quinia is easily crystallizahle : it forms acicular 
prisms, soluble in alcohol. (Pelletier and Caventou.) 

Chlorate op Quinia, formed by dissolving quinia in chloric acid, 
yields, on evaporation, bundles of acicular prisms, which, when heated, 
fuse, and afterwards explode. (Dumas.) 

loDATE OP Quinia forms silky crystals. (Dumas.) 

Arseniate op Quinia much resembles the appearance of the phos- 
phate, but its crystals are less nacreous. (Pelletier and Caventou.) 

Oxalate of Quinia. When a concentrated solution of oxalic acid is 
added to one of a soluble salt of quinia, a precipitate of oxalate of quinia 
falls; it dissolves in boiling water, and yields nacreous acicular crystds on 
cooling: it dissolves in excess Of oxalic acid, and this solution also crys- 
tallizes in needles: the neutral oxalate is very soluble in alcohol, and the 
hot alcoholic solution deposits crystals on cooling. 

Tartrate of Quinia resembles the oxalate, but is more soluble. 

Tannate op Quinia. The infusion and tincture of galls precipitate 
quinia from its solutions: pure tannic acid produces a similar effect: the 
precipitate is soluble in acetic acid, and difficultly so in water. 

Gallate op Quinta. Gallic acid occasions precipitates in all the 
solutions of quinia which are not very dilute: the alkaline gallates are yet 
more effective precipitants. Gallic acid unites directly with quinia, and 
the salt is difficultly soluble in cold water: its solution in boiling water 
becomes milky as it cools. The gallate of quinia is soluble in alcohol, 
and in excess of acid. (Dumas.) 

Acetate of Quinia. The acetate of quinia, when slightly acid,^ is 
easily crystallizable: the solution, when evaporated to a certain point, 
forms a mass of distinct acicular crystals: when very slowly evaporated, 
it yields peculiar mamillary and stellated groups: it is not very soluble, 
and if coloured, it may be washed in water, and subsides in silky 
filamentous crystals: its concentrated solution, in boiling water, concretes 
into a crystalline mass when cold. (Dumas.) 

-3. Aricina. This alkaloid was discovered in 1829, by Pelletier and 
Coriol, {Jour, de Pharm.^ xv., 575,) in a bark from Arica, which had 
been fraudulently mixed with cinchona : in appearance it resembles 
yellow bark^ but we are unacquainted with its botanical history. Treated 
as usual for the separation of its alkaloid, it yields a substance inuoh 
resembling cinchonia in its external characters, but differing from it 
materially in its aggregate chemical properties. It is insoluble in water, 
and nearly tasteless, but after a time, produces a biting sensation upon 
the palate: its acid solutions are very bitter; heated, it fuses like quinia, 
and is not volatile. 

Its sulphate is not crystallizable from its aqueous solution, but yields 
a gelatinous mass, becoming homy when dried: its alcoholic solution, on 
the contrary, affords silky crystals, much like sulphate of quinia. When 
a few drops of sulphuric acid are added to its gelatinous sulphate, another 
sulphate, crystallizable in flattened prisms, is formed. The action of 
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nitric acid nn^aricina is veiy distinct; when concentrated it produces with 
it a yery deep green colour ; when more dilute the colour is brighter, and 
when very dilute the solution is colourless: the production of this green 
colour is accompanied by a decomposition of the alkaloid, but, by using a 
very dilute acid for its solution, this is prevented, and a colourless 
nitrate obtained. According to Pelletier the ultimate components of 
ancina are PeHetior 

Carbon . . . . 20 . . 120 . . 70.5 . . 70.9 

Hydrogen . . . 12 . . 12 . . 7*0 . . 6.9 

Oxygen .... 3 . . 24 . . 14.0 . . 13.9 

Nitrogen ... 1 . . 14 . . 8.5 . . 8.3 

Aricina ... 1 170 100.0 100.0 

It is remarked by Dumas, that cinchonia, quinin, and aricina, may be 
regarded as oxides of a common radical or base, represented as follows: 

(no car + 12 h + n) + O = Cinchonia. 

( 20 car + 12 h -r n ) + 20 — Quinia. 

(20Car + 12 A + W) + 30 = Aricina. 

The atomic constitution of these, and of the preceding alkaloids, sug- 

gests many theoretical views, w’hich, however, have not been suAiciently 
matured to merit a place here, and are essentially dependent upon the 
equivalents by w^hich they are represented, llie numbers which I have 
adopted represent these bodies as niturets of a compound radical, or as con- 
sisting of carbon, hydrogen, and oxygen + 1 atom of nitrogen; hence the 
notion of the existence in them of ammonia, to which, even their calkaliiie 
characters have been by some ascribed; Dumas compares them to urea, 
and regards them as amides; but these hypotheses are all unsatisfactory, 
and till our knowledge of the various hydrocarbons, and of their combi- 
nations, is much extended and simplified, we shall probably not be able 
to frame any correct theory, applicable to the ultimate constitution of 
these highly-interesting compounds. 

4. CixcHONic (Kinic) Acid. This acid, originally noticed by Hof- 
mann, and by Vauquelin (Ann, de Chim.^ lix., is contained in the 
different species of cinchona^ combined with lime, and mth their alka- 
loids. It may be obtained by digesting an aqueous extract of cinchona in 
alcohol, which leaves a viscid mass containing cinchonate of lime: when 
this is dissolved in water, and exposed to spontaneous evaporation in a 
warm place, the salt of lime crystallizes, and the.se crystals, when purified, 
may be decomposed by sulphuric or oxalic acid, so as to abstract the 
lime, and separate the cinchonic acid: some add acetate of lea^ to the 
solution of cinchonate of lime, and decompose the precipitated cinchonate 
of lead by sulphuretted hydrogen, but the former methods arc preferable. 
(Henry and Plisson, Jour, de Pharm.^ xiii. and xv.; Liebig and Baup, 
Ann, de Chim, et Phys,^ xlvii., 183, and li., fi8.) When tlie cinchonic 
acid is separated its aqueous solution must be slowly and quietly evapo- 
rated, and it then yields crystals, soluble in 2.5 of water at 68®, and 
smuble also in alcohol: it tastes sour, but not in the least bitter* Sul- 
phuric acid dissolves it, acquiring a green colour, and carbonizes it when 
Heated. Heated with a little nitric acid, a crystallizable sublimate is at 
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first produced, which is analogous to p^rocinchmic acid; a larger addition 
of the acid converts it into oxalic acid. According to-Baup, kinic acid 
consists of (ibCClir loA+ioO), so that its equivalent is 180, or 


Banp. Liebig. 

Carbon 16 00 .. 50.0 .. 60.0 . . 46.23 

Hydrogen .... 10 10 . . 6.6 . . 6.6 . . 6.89 

Oxygen 10 80 . . 44.5 . . 44.4 . . 47.88 


Anhydrous cinchonic acid 1 180 100.0 100.0 100.00 

The crystallized cinchonic acid includes 1 atom of water, its equivalent 
being 180 + 9 = 189*. 

OiNcnoNATES or Quikates. In the neutral cinchonates^ the oxygen 
in the acid is to that in the base as 1 0 to 1 . They are soluble in water, 
but insoluble in absolute alcohol. 

CiNCHONATE OP LiME. {C+CtU^.) This salt crystallizes in transparent 
rhomboids, soluble in 9 parts of water at 60^, and much more soluble m 
hot water: when dried at 212^ it loses 28 per cent, of water. Its equi- 
valent in the anhydrous state, is 180 + 28 = 208, and in the crystallized 
state, including 10 equivalents of water, 208 + 90 = 298. According to 
Berzelius, a small quantity of cinchonate of lime may be extracted from 
the alburnum of fir-trees. 

Cinchonate of Copper (Cu+C27?0 thrown down in the form of 
a difficultly-soluble green precipitate, when a soluble cinchonate is added 
to a solution of acetate of copper: the salt is not thrown dowm from sul- 
phate or nitrate of copper. According to Baup, this is a basic salt. 

Cinchonate op Lead. (Pl+C271'.) The neutral salt forms acicular 
crystals, which, when gently heated, lose their water of crystallization. 
The basic salt is insoluble in water. 

Cinchonate of Silver ( Ag+C^ 71') is an anhydrous salt, which rapidly 
blackens by exposure to light. 


* Cahikcic Acid. Under tliis name | 
Pelletier and Caventou have described 
an acid procured from the cortical part 
of the cahifiea root : the plant belongs to 
the Uiibiacem, and grows in Brazil, 
being used for the cure of intemiittents, 
dropsy, and other diseases. The acid is 
obtained by dropping muriatic acid into 
a decoction of the root; it is gradually 
deposited in small crystals. It is more 
perfectly procured by evaporating a 
strong mcoliolic tincture of the cahinca 
root to dryness, dissolving the residue in 
water, precipitating by lime, and decom- 
posing the calcareous salt which falls by 
oxalic acid : the cohincic acid must then 
be purified by rccrystollizaiion. 

Cahincic acid requires 600 ports of 
water for its solution ; it is very soluble 
in alcohol, and the solution, if saturated 

when hot, deposits the acid in tufts of 
crystals as it cools. Ether dissolves it as 
sparingly as water: it is intensely bitter. 


When heated, it softens, cliars, and 
yields a white crystalline subli^te, 
which is not bitter, and contains no 
ammonia. 

Cahincic acid is charred by sulphuric 
acid : with muriatic acid it forms a gela- 
tinous compound, from which water 
thro'ws down wliite flakes, w^hich are not 
bitter: nitric and acetic acid produce 
very similar effects. With ammonia, 
potassa, lime, and baryta, it forms soluble 
neutral salts, which are uot crystallizabl^ 
and from which the acids throw down 
cahincic acid. From Liebig's analysis 
{Ann, (ie Chim, et PApt., xlvii., I86j this 
acid appears to consist of 

Carbon 16 . 90 . 67.0 

Hydrogen 12 . 12 . 7.8 

Oxygen . 7 . 56 . 364 

Cahincie acid 1 158 IOOjO 

But its equivalent has not been deter- 
mined by experiment. 
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III. Strychnia; Brucia; Strychnic Acid. Stryclinia was dis- 
covered in 1818, by Pelletier and Caventou. {Ann. de Chim. et Phtfs.^ 
viii., 305, X., 142.) It is contsnned in many species of sirycknc/Sj 
especially in S. nux-vomica^ S. ignatia^ and S. colubrina. Tliey also 
subsequently detected it in tlie celebrated Javanese poison, called Upas^ 
liciitc. (Ann. de Chim. et Phys.^ xxvi., 44.) Strychnia is associated in 
the former sources with Brucia^ a distinct dkaloid, which was originally 
detected in the bark of the nux-vomica tree, an article which was known 
in the drug-trade under the name of spurious angustura bark; and as 
tlie genuine angustura bark was presumed to be the bark of a species of 
brucia, the terms brucine and brucia^ though evidently derived from a 
2 >crfectly distinct source, have been applied to the alkaloid extracted, 
together w ith strychnia, from the bark of the S. nux-^vomica. Brucia was 
discovered by the above chemists in 1819 (Ann. de Chim, et Phys.^ xii., 
118.) To tiiem also we are indebted for our knowledge of the strychnic, 
or as they originally called it, igasuric acid, a term derived from the 
Malayan name of St. Ignatius* bean. 

1 Strychnia. Among the numerous processes which have been 
devised for the extraction of strychnia, the two following are the 
simplest : the first is suggested by M. Coriol, the second by M. Henry, 
junr., {Jour, de Pharm., xi. 492., xvi. 7^2.) 

Digest coarsely-pow’dcred nux-vomica in repeated portions of (*old 
water, till all soluble matters are extracted; carefully evaporate the 
infusions to the consistence of syrup, and precipitate by alcohol ; wash 
the precipitate (which consists of gum,) with alcohol, and add * the 
w'ashings to the original portion, and evaporate the whole in a water- 
bath to the consistency of an extract; this consists almost entirely of 
strychnate of strychnia; dissolve it in cold water, which separates a little 
greasy matter ; then heat the clear lif[uid, and add milk of lime so us to 
decompose the strychnate*, and leave the lime in slight excess ; dniiii, and 
dry the precipitate by pressure, and digest in boiling alcohol, which takes 
up strychnia, brucia, and some colouring-matter ; these are obtained by 
evaporation, and may be separated by the action of weak alcohol, which 
dissolves the brucia and the colouring-matter, and leaves strychnia; wash 
it with a little dilute alcohol, and dissolve it in strong boiling alcohol ; 
this deposits it in crystals on cooling. 

Henry's process is as follows ; the rasped or powdered nux-vomica is 
digested in w'arm alcohol, aciduhited by sulphuric acid, as long os it 
dissolves anything ; it is then pressed out, and powdered quick-lime is 
ad<lcd to the alcoholic liquors to saturate the acid, and precipit||^e the 
colouring- matter : when this mixture has subsided, the clear part is 
poured off, the residue washed with alcohol, and these liquors filtered and 
distilled: they leave a brown alkaline residue, which is to be saturated by 
water slightly acidulated by sulphuric, muriatic, or acetic acid: the 
iieutnil liquor is then filter^ off, concentrated by evaporation if neces- 
sary, ^d when cold precipitated by slight excess of ammonia; the 
precipitate is washed, and digested in warm dilute alcohol, to remove 
brucia; the remaining strychnia is then dissolved ill boiliog filCOhol with 
a little ammal charcoal, and filtered whilst hot ; on cooling, the strychnia 
is deposited. (8ee Dumas, v., 754, for an abstract of the oAer methods.) 
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When a solution of strychnia in common alcohol is left to slow 
evaporation, it yields the alkaloid in octoedra, or four-sided prisms, 
terminated by pyramids ; when rapidly crystallized it is granular. It is 
intensely bitter, and extremely poisonous ; one-eighth of a grain being 
sufficient to kill a dog, and a quarter of a grain often producing a decided 
effect upon a healthy man. It produces, in larger doses, parpxysms of 
tetanus, and repeated convulsions, like those resulting from electric shocks. 
Injected in very small quantities into the veins, death very soon ensues, 
and in this way it is, that the poisoned arrows of the Javanese produce 
their effect. 

Strychnia is fusible, but not volatile, and easily decomposed by heat : 
subjected to destructive distillation it affords the usual products of these 
compounds. It is almost insoluble in cold water ; and one part requires 
2500 of boiling water for solution : the intensity of its bitterness is 
such, that its cold aqueous solution, which docs not contain more than a 
six-thousandth of its weight of strychnia, may be diluted with 100 times 
its bulk of water, and yet remains sensibly bitter. It is soluble in 
common alcohol, but absolute alcohol, and ether, scarcely dissolve it 
when quite free from acid. It is soluble in the acids, and forms soluble, 
colourless, and crystallizable salts *. When chlorine is passed through 
a mixture of strychnia and water, it is dissolved, and the solution yields 
colourless crystals of muriate of strychnia by evaporation : boiled with 
iodine and water it is also dissolved. Fused with sulphur it evolves 
sulphuretted hydrogen. Adopting Liebig's analyses, strychnia is an 
anhydrous compound of 


Carbon .... 

30 

180 

77.0 

77.20 

Hydrogen . . . 

16 

16 

6.8 

6.72 

Oxygen . . . . 

3 

24 

10.2 

10.13 

Nitrogen . . . . 

1 

14 

6.0 

5.95 

Strychnia . . . 

. 1 


100.0 

100.00 


Hcnicc wc have 234 as the equivalent of strychnia, and its symbol 

(30 car +16^+30+71.) 

SrLPUATK OF Sthyciinia. (Stiiy + S^.) This salt, when eiystallized 
from its neutral solution, is in small cubes ; excess of acid renders it 
acicular. It becomes opaque by exposure to air, without losing weight ; 
it may be fused without decomposition when carefully lieatcd ; it then 
loses about 3 per cent. This salt is excessively bitter ; it dissolves in 
about ten ports of water at and in less at 212°. According to 
Liebig it is tinhydrous, and consists (dried at 212° ) of 

I.iuhi}'. 

Stiychnia 1 234 ... 85.6 

Sulphuric Mid .... 1 ... 40 ... 14.4 

Sulphate of strontia . . 1 274 100.0 

* Nitric acid always reddens strych- may, the effect of nitric acid upon all 
nio, but it is said that pure strpchniaf tho samples of strychnia and ita sidts, 
(iliat from tipas,) is not thus discoloured, which I have examined, lias been to 
and that tho effect is due cither to a redden them : we are^ however, as yet, 
yellow uncrystaliizable compound, which but imperfectly acquainted witli this 
^nerally accompanies stryehni^ or, to alkaloid and its combinations* 
the presence of bnicia. Be this as it 
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Hie otibw salts of .stiychnia are ciystallisable, and mostlj ^ery 
sohilde ; eTsn those with the oxalic and tartaric adds. 

2. Brucia. The presence of this alkaloid in the usual sources of 
strychnia, and the method of separating them, have already been 
described. It is most abundantly procured from the bark of the 
sitychno^ nux^vwnicu^ commonly called Jhlst angusturo. This bark is 
coarsely powdered, and having been previously digested in sulphuric 
ether to free it from fatty matter, is treated by alcohol, the alcoholic 
solution evaporated, and the residue dissolved in water, satunited with 
oxalic acid, and evaporated to dryness. Alcohol, digested upon tliis 
residuum, dissolves colouring-matter, and leaves pure oxalate of brucia, 
which may be decomposed by lime, and the brucia dissolved out by 
boiling alcohol, from which, by slow evaporation, it is obtained in 
crystals. 

Brucia forms either prismatic or foliated crystals, according iis it has 
b?en slowly or rapidly deposited : it is soluble in about 850 parts of 
cold, and in 500 of boiling water ; its taste is strongly and (leriuancntly 
bitter ; it is very soluble in alcohol, but insoluble in sulphuric ether : 
with the acids it fonns soluble salts, mostly crystallizable ; they arc 
bitter, and are decomposed not only by the alkalis, but by morphia and 
strychnia, both of which precipitate the brucia. Bfucia is reddened by 
nitric acid, and the colour changes to violet on the addition of proto- 
chloride of tin. A drop of bromine added to the alcoholic solution of 
brucia, renders it violet ; by these characters it is distinguished from 
strychnia and from the other alkaloids. Anhydrous brucia consists of 


Carbon 

. 32 

192 

l.icliix 

70.98 

Hydrogen .... 

. 18 

18 

8.50 

Oxygen 

. 6 

48 

17.40 

Nitrogen .... 

. 1 

14 

5.14 

Anhydrous Brucia 

. 1 

272 

100.00 


Hence we have 272 as the equivalent, and (32 Car + is A -f 6 0+ s) as 
the formula of brucia. 

Crystallized Brucia is a perfectly definite hydrate, including 8 atoms 
of water; its equivalent therefore is 272 + 54=338. 

Sulphate of Brucia (Bru+S') is very soluble in water, and 
sparingly so in alcohol; it forms prismatic crystals, which are extremely 
bitter, and include 4 atoms of water, 2 of which they lose by efflo- 
rescence. 

The general characters of the remaining salts of brucia have been 
above stated. 

3. Strychnic Acid. This acid was obtained by Pelletier and Ca- 
ventou as follows: Powdered Ignatius’ l>ean, or nux-vomica, was first 
digested in ether, and all soluble matters being removed, it WfiS HeXt 
treated by alcohol; the alcoholic solutions were evaporated, water added 
to the residue, and filtered; the filtered liquor was then digested with 
pme magnesia; an insoluble strychnale of magnesia was thus formed, 
which, washed with cold water and dried, was digested in alcohol to 
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abstract free stiychiiia; the strjchnate of magnesia was then dissolred in 
boiling water, rapidly filtered, and mixed, whilst hot (fo^ the salt is not 
soluble in cold water), with acetate of lead: the resulting drychnate qf 
lead was then decomposed by sulphuretted hydrogen, and the sulphuret 
of lead being filtered off, or allowed to settle, the solution was evaporated ; 
it yielded a brown liquid, which deposited hard granular i^rystals of 
strychnic acid. Neither the equivalent nor the ultimate composition of 
this acid have been satisfactorily determined. 

Strychnatrs. The strychnates of ammonia^ potassa^ and of toda^ are 
very soluble both in water and in alcohol: when the aqueous solution of 
slrycknate qf baryta is evaporated, it yields spongy vegetations. The 
salts of iron, mercury, and silver, are not affected by neutral strychnate 
of ammonia, but it renders the solutions of copper green, and, after some 
time, a bright-green precipitate, scarcely soluble in water, falls: Pelletier 
and (*avcntou regard this character as distinctive of the stiychnic acid. 

TV. Veratria, and other Alkaloids. In this subsection I include 
a long list of alkaloids, and of other substances apparently related to 
them, which have been more or less accurately examined, but the 
greater number of which require more minute investigation. They are 
extremely interesting to the chemist from the analogy which they bear 
to the woll-defiiied alkaloids ; and to the medical physiologist, as pre- 
senting, ill an insulated state, the active principles of many important 
and energetic articles of the Materia Medica. 

1. Ver ATRIA. Veratria was discovered, in 1819, by Pelletier and 
Caventou {Ann, de Chim, et Phys.,, xiv., 69), and, about the same time, 
by Meisner, in Germany. (Schweiggers /owr., xxv., 377-) It is contained 
in the seeds of the Veratrum sabadilla^ and the roots of the Vcratrnm 
alburn^ or white heUehorCy united with gallic acid*. It is most readily 
procured from the seeds of the sabadilla^ which are first digested in ether, to 
remove oily matter, then boiled in tdcohol, and the solution suffered to cool ; 
it is then filtered, evaporated to dryness, and the residue digested in water; 
which, being partly evaporated, deposits a yellow* matter, to be separated 
by filtration. The clear solution is now mixed w ith acetate of lead, w*hich 
gives a precipitate, to be removed by filtering; and the filtered liquor (its 
lead having been separated by sulphuretted hydrogen, and heated) is now 
boiled with magnesia; the precipitate thus produced is digested in boiling 
alcohol, from which the veratria is deposited in a pulverulent form, on 
evaporation. If not at first w^hite, it may be rendered so by a second 
solution, and by the aid of animal carbon. As thus procured, yeratria 
is not crystallizablc ; it has a pungent, but not a bitter taste, and power- 
fully irritates the nostrils. A veiy small dose produces nausea and 
vomiting. It fuses at a temperature of 122^, and concretes, on cooling, 
into a translucent yellow mass. Boiling water does not take up more 

* Veratria has also been discovered , dient in the celebrated French gout- 

in the bulb of the ColcMcum | specific, called Eau Medicinale (THmm, 

or meadow saffron^ and is probably the and wdiich is a vinous infusion of coldii- 
principle to which the curative powers cum, to be derived from hellebore^ 
of that drug, in cases of gout, are refer- which we now know to contain the same 
able. It is curious that, many years ago, alkaline base as colchicum. 

Mr. Mooro suspected the active ingre- 



1036 


ATUOFIA. 


than a thousandth part of its weight, but it is readily soluble in alcohol, 
and less so in sulphuric ether. But in this state, veratria, according to 
Couerbe (Ann. de Chim. et Phys.^ lii., 352), is still blended with other 
principles, two of which are abstracted by boiling water: of these, one is 
ciystallizable, and termed sabadilline; the other is deposited on the 
evaporation of the mother-liquor in the form of viscid drops of a reddish 
colour and acrid taste: he has termed it resinigomme de sabadilline*. 
The alkaline residue of the veratria remaining after this treatment, is 
digested in successive portions of ether, and when these ethereal solutions 
are spontaneously evaporated, they deposit a white viscid matter, which 
is now pure veratria : the matter which resists the action of ether, is called, 
by Couerbe, veratrin. Pure veratria consists, according to Couerbe, of 


Couerbe. 

Carbon 34 . . 204 . . 71.24 

Hydrogen 22 . . 22 . . 7*52 

Oxygen C . . 48 . . 16.39 

Nitrogen 1 .* 14 .. 4.65 


Veratria 1 288 100.00 


The equivalent, therefore, of veratria is 288, and its formula ( ;J4 CdT 
+ ‘22 A + 6 O + 71.) 

8alts of Veii atria. Veratria forms compounds with the acids, which 
are very difficult of crystallization. Couerbe succeeded in obtaining a 
crystallizable sulphate of veratria (Vkr + S^), from the iuialyses of 
which he established the equivalent of veratria as above. Tlic muriate of 
veratria is also a crystallizable salt. 

2. Atropia. The existence of an alkaloid in the Atropa belladonna^ 
or deadly nightshade^ was first shown by Brandes, in 1819 (Schweigger, 
Jour,^ xxviii.), and the process for obtaining it was afterwards improved 
by Mein (Jour, de Phar.^ xx., 87), in consequence of Runge's discovery 
of the destructibility of some of these bases by the fixed alkalis. 

I must refer the reader to Meins process and to Dumas (Chim. App. 
aux Arts^ V., 804) for the details. The root of the plant, dried and 
powdered, is the part employed, and is said to yield not more than a 
three-thousandth part of pure atropia. 

Atropia crystallizes in white silky prisms: it is soluble in anhydrous 
alcohol and in ether, and in about 500 parts of cold water; this solution 
is bitter, and when dropped into the eye, dilates the pupil. 

Atropia forms definite compounds with the acids; the sulphate and 
acetate are more ciystallizable than the muriate or nitrate: the salts arc 
decomposed, and the atropia thrown doivn by potassa and ammonia, by 
infusion of galls, and by chlorides of gold and platinum, with which it 
forms compounds gradually crystoDizing, and probably composed of 
muriate of atropia combined with the metallic chloride. 

When atropia is heated with potassa it is easily decomposed^ and 
abundance of ammonia is evolved. The facility with which this alkaloid 
is thus destroyed, renders the use of caustic alkalis in its preparation 
inadmissible. According to Liebig, the ultimate composition of atropia 

11*1 I procew of saponification, a peculiar 

ama,ireuetier and Caventou obtained, by | fat-acid, which they termed esvadto add. 
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is ( 68 CCbT + 23A+12O + 7 I), >mt the nature and properties of this body 
require further examination. 

3. IIyoscyamia. This alkaloid was obtained by Brandes from the 
seeds of the Hyoscyamus niger; an alcoholic solution or tincture of which 
was mixed with a small quantity of lime, and the precipitate digested in 
dilute sulphuric acid; the solution, containing sulphate of hyoscyamia, is 
then decomposed by the addition of powdered carbonate of soda; the 
hyoscyamia is thus precipitated, and it is quickly removed from the 
solution and dried by pressure in blotting-paper; it is then dissolved in 
absolute alcohol, filtered through animal charcoal, and the solution 
evaporated, a little water being added towards the end of the process. 

Hyoscyamia is described as forming silky crystals, difficultly soluble 
in water, of an acrid and nauseous taste, highly poisonous, and, when 
applied to the eye, producing a dilated pupil. It is easily decomposed, 
with the evolution of ammonia, by the fixed alkalis. It is very soluble 
in alcohol and ether: its salts are said to be neutral and ^rystallizable. 
(Geiger and Hesse, Jour, de Pharm.^ xx., 92.) 

4. SoLANiA. This alkaloid was discovered by Desfosses of Bcsan 9 on« 
in the berries of the Solatium nigrum^ and in the leaves of the Solatium 
dulcamara. (Jour, de Phar.^ vi. and vii.) The filtered juice of the ripe 
berries was saturated by solution of%mmonia, which threw do^vn a gray 
powder: this W'as dissolved in boiling alcohol, filtered through animal 
charcoal, and evaporated, when the soiania was deposited. Solania is 
white and pulverulent, and, though like most of these substances, it has 
no direct alkaline action upon turmeric, it restores the blue of reddened 
litmus. Acted on by caustic potassa it evolves ammonia. It is precipi- 
tated from its acid solutions by the alkalis, and does not form crystallizable 
salts. It has been analyzed by BLmchet, who states its components to 
be per cent. 62 carbon, 8.9 hydrogen, 1.6 nitrogen, and 27-0 oxygen, 
ITpon the whole, our information upon the subject of solania is very 
incomplete. 

5. Datitria. Daturia was discovered by Brandes in the seeds of the 
Datura stramonium. Geiger and Hesse obtained it by the same process 
as that for procuring hyoscyamia. {Jour, de Pliar.^ vi., and xx.) The 
following process is given by Stines, for its extraction. A pound of 
stmmony seeds, in fine pow^der, was boiled for an hour in 3 quarts of 
w'cak alcohol ; to the liquor, filtered whilst hot, half an ounce of magnesia 
was added, and the mixture shaken from time to time for 24 hours; the 
precipitate w’as then collected, boiled for some minutes with 12 ounces of 
alcohol, and filtered through animal charcoal ; this alcoholic solution was 
then evaporated to half its bulk, and set aside for 24 hours, when it was 
found to have deposited globules of oil and crystals of colourless daturia; 
this deposition continued during the spontaneous evaporation of tlie 
liquor, when the daturia w^as collected, dissolved in acidulated water, 
filtered through charcoal^ precipitated by magnesia, again dissolred by 
alcohol, and obtained in a pure form. Daturia crystallizes in colourless 
quadrangular prisms, of a bitter and acrid taste, and is very poisonous; 
appRed to the eye, the pupil is durably dilated. Its aqueous solution is 
decidedly alkaline. It is soluble in about 280 parts of cold, and 72 of 
boiling, water, and readily soluble in alcohol. 
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Thb Salts of Datvria are generally soluble, crystallizable, and per- 
manent in the air; they are decomposed by the alkalis, and daturia falls 
in white flocculi. Dumas, adverting to the analogy that subsists between 
daturia, atropia, and hyoscyamia, suggests the possibility of their identity: 
their ready decomposition by the fixed alkalis, approximates them to the 
ammides ; and it seems probable that a more accurate knowledge of their 
ultimate composition may throw light upon the subject of the alkaloids 
in general. 

6. Picrotoxia. This name has been given to a poisonous bitter 
substance, discovered by Boullay, in 1819, in the berries of the Menisper- 
mum cocculus^ or Cocculus indicus. It may be obtained by the following 
process: Add acetate of lead to a decoction of the berries, as long as any 
precipitate falls; filter, evaporate, and digest the extract in highly-rectified 
alcohol ; evaporate to dryness, and agitate the remaining matter with a 
little water; the picrotoxia remains in the form of white prismatic 
crystals of a^itter taste. 

Picrotoxia is difficultly soluble in w^ater. Alcohol, of the specific 
gravity of .810, dissolves one-third its weight. It is soluble in weak 
solutions of the pure alkalis. Picrotoxia was originally dcscril>ed by 
Boullay as a salifiable base, and as united in the seeds to a peculiar acid, 
vrhich was termed menispermic aciSt. Casaseca has shown that this acid 
is a mixture of malic and sulphuric acids, and that picrotoxia has no 
calkaline reaction, and does not neutralize the acids; but it certainly 
appears to form definite compounds with the acids, some of which arc 
crystallizable. Its ultimate composition has not been accurately ascer- 
tained; but, according to Opperman, it does not contain nitrogen, but 
consists of 61 carbon, 6.1 hydrogen, and 32.4 oxygen per cent, 

7. Nicoitna. This principle was obtained ‘by Vauquelin, by the 
following process {Ann. de Chhn.^ Ixxi.): Evaporate the expressed juice 
of fresh tobacco-leaves to one-fourth its bulk; and, when cold, strain it 
through fine linen; evaporate nearly to dryness ; digest the residue in alco- 
hol ; filter and evaporate to dryness; dissolve this again. in alcohol, and again 
reduce it to a dry state. Dissolve the residue in water, and saturate the 
acid which it contains with w^eak solution of potassa, introduce the whole 
into a retort, and distil to dryness; rcdissolve, and again distil three or 
four times successively. The nicotin will thus pass into the receiver, 
dissolved in water, from which solution it may be obtained by very 
gradual evaporation; or it may be saturated by sulphuric acid, and the 
sulphate of nicotina, so formed, decomposed by the addition of lime and 
distillation; a mixture of nicotina, ammonia, and water, passes over, from 
which the nicotina may be abstracted by agitation with ether, and this 
ethereal solution, when distilled, leaves the nicotina. 

Nicotina, in its purest state, is a transparent colourless liquid, of a 
pungent and disagreeable odour, and acrid taste: it is alkaline; volatile 
at 212^! soluble in all proportions in water, alcohol, and ether, and, when 
its aqueous solution is agitated with ether, the greater part of it leaves 
the water, and is retained by the ether. It is very poisonous, and forms 
distinct salts with the alkalis. It has been but imperfectly examined, 
and, firom the method of obtaining it, it appears doubtful whether it is an 
original proximate principle of tobacco. 
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8. CoNiA. It appears from the experiments whiclf hare been made 
upon hemlock, that its actiye principle resides in a volatile and uncrys- 
tallizable alkaloid: its properties have been investigated by Boutron- 
Charlard, and 0. Henry, (Ann, de Chim. et PAy#.,ixi., 337.) The activity 
and importance of hemlock, as a medicine, renders a further examination 
of it highly desirable. 

9. Aconita. This is an extremely poisonous and active alkaloid, 
extracted from the aconite ; it is probably contained in several species of 
that plant. Its properties and combinations are as yet imperfectly knoum, 
and its ultimate composition has not been ascertained. 

10. Digitalia. Leroyer gives the following directions for the extrac- 
tion of digitalia : He takes one livre of digitalis purpurea, and first treats 
it with cold ether, and then with the same agent heated in a close stove, 
in order that the temperature may be more easily raised. The tinctures 
obtamed in this manner, were, after filtration, of a greenish-yellow colour 
and a bitter taste ; the residue from their evaporation has a resinous 
appearance, and is insupportably bitter, producing upon tlie tongue a 
sensation of numbness like that which is experienced from chewing 
aconite. Exposed to the air, this residuum powerfully absorbs moisture. 
When taken up by distilled water, it divides into two parts ; the vehicle 
holds one of them in solution, the other is precipitated, and presents all 
the characters of chlorophylle ; the aqueous solution of the ethereal residue 
reddens turnsol paper. Hydrate of protoxide of lead was then added to 
neutralize the free acid thus indicated, and to separate from the bitter 
principle that which is apparently combined with it. The salt of lead 
thus formed was soluble, and consequently could not be separated from 
the bitter principle ; several earths were tried for the same purpose, but 
with no better success ; it was therefore necessary to resort to another 
method. After evaporating to dryness the portion treated by the lead, 
it 'was again dissolved in highly-rectified ether; by this operation he 
obtained the bitter principle of digitalis disengaged from those substances 
with which it was united. By evaporating this solution a brown heavy 
substance is obtained, that restores, though slowly, the blue of tumsol- 
paper reddened by an acid. If in this last mentioned character, observes 
M. leroyer, as well iis in its bitterness it approaches the alkaloids, its 
extreme deliquescence separates it from them. Tills deliquescence 
prevents it from crystallizing in a distinct and permanent manner ; but 
M. Leroyer thinks that it does crystallize regularly under favourable 
circumstances. Dr. Prevost having placed a drop of the solution of 
digitaline in alcohol on a piece of glass, and cautiously evaporated it by 
means of a spirit-of-wine lamp, detected with a microscope numerous and 
well-defined crystals of various forms. The same observer states, that the 
basic form of them all appeared to be a straight prism with rhomboidal base.’* 

11. Dblphia. This alkaloid w^as discovered, in 1819, by Lassaigno 
and Feneulle, in the seeds of the Delphinium staphysagria^ or Stavesacre. 
(Ann, de Chim. et Phys.^ xii., 358.) The simplest mode of obtaining it 
is that suggested by Berzelius : digest the bruised seeds in water acidu- 
lated by sulphuric acid, then add magnesia, collect and dry the precipitate, 
and digest it in alcohol, by which the delphia is taken up : it may be 
purified by boiling it in the state of sulphate, with animal charcoal, and 
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. precipitating by Itmmonia, which throws it down in a gelatinous form : 
obtained by evaporating its alcoholic solution, it is a crystalline powder, 
which becomes opaque when dried. 

iJelphia, when pure^^is very difficultly soluble in water at any tempe- 
rature : it is soluble in alcohol, and somewhat less so in ether. It has a 
peculiarly acrid taste, and excites a burning sensation in the throat. Its 
salts are very pungent and bitter, and most of them very soluble. Del- 
phia has been analyzed by Couerbe (Ann. de Chim. et Phys.^ lii., 359), 


%vith the following results 

Carbon .... 

27 


1C2 


Couevbt*. 

77.00 

Hydrogen .... 

19 

. . 

19 

. . 

8.89 

Oxygen .... 

2 

. . 

16 

. . 

7.50 

Nitrogen .... 

1 


14 


6.61 

Delphia .... 

1 


211 


100.0^ V 


Couerbe discovered another principle in the stavesacre-seed, which he 
has termed Staphisain; in ultimate composition it appears to resemble 
the alkaloids, but it is not salifiable It is separable from dclphia by the 
action of ether, in which it is insoluble. 

12. Corydalia. This alkaloid was discovered by Wackenroder in 
the Corydalis iuberosa, (Phil. Mag. and Ann.^ iv., 153.) It is contained 
in the plant, in combination with malic acid, from which it may be 
separated by magnesia, and purified by solution in alcohol. It forms 
prismatic crystals, soluble in alcohol and ether, but very sparin^y so in 
winter ; it is tasteless, but its salts are bitter ; they are decomposed by the 
alkalis, and by infusion of galls. 

13. Sanguinaria. The root of the Sangninaria canadensis^ or 
Blood root^ contains, according to Dana {Phil. Mag. and Ann.^ v., 151), 
an alkaloid, which may be separated as follows : the red alcoholic tinc- 
ture of the powdered root is mixed with a little ammon^ and poured 
into water ; the matter w^hich subsides yields the alkali to hot alcohol : 
it must be purified by animal charcoal. It is white, acrid, insoluble in 
water, but soluble in alcohol and ether, and alkaline to tests. Its salts 
have a red colour. 

14. Ci^APiA. Under this name an alkaloid, obtained from the 
Mthusa cinapiumj has been described by Professor Ficinus, of Dresden. 
It forms, prismatic crystals soluble in water and alcohol, but insoluble in 
ether : it is salifiable. 

15. Emetina. This terra implies the active or emetic principle of 
Ipecacuanha^ from which it was procured by Pelletier and Majendie, in 
1817* Boullay has since detected it in the root of the Fiolei (Vida 
odoraia\ and Torreri in the root of the Iris Jlorenlina. 

Emetina is obtained by digesting powdered ipecacuanha root, first in 
ether, by which a fatty matter is abstracted (which gives ipecacuanha its 
nauseous odour, but which is not emetic), and then in idoohol: this 
tincture is mixed with magnesia, which throws down impure emetina: 
the deposit is washed cold water, and redissolved in boiling alcohol, 
from which solution emetina is obtained by evaporation or dfstilla- 
tioQ. Berzelius proposes to digest the powdered root in dilute sulphuric 
acid, preppitoto by maglRi^a, and separate the emetina by alcohol aa 
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before ; but this procc^has not, I believe, been adopted. Emetii^ is a 
jellow uuciystallizalile substance, of a bitter taste, fusible at about 125% 
aliiMSt insoluble in cold water and in ether, but soluble in alcohol :^it has 
alkaline reaction, but its sdts hare not beeiFsatis&ctoriljr crystallized. 
It is powerfully emetic. The French chemists have given the name 
Fioline to the emetine of the violet-root. According to Caventon, the 
eiiMtic action of emetine is prevented by inAision of g^ls, and the gaJlate 
of emetina is insoluble 


§ XIX. Crystallizable and other Principles, not salifiable, but 
IN some respects analogous to the Alkaloids. 


Salicin. This substance was extracted, in 1830, from the bark 
of the willow {Salix heUx\ by M. Leroux. It exists in several species 
of willow ; and, according to Bracoimot, in the bark of the poplar, 
especially the Populus tremula\. 

It is obtained by adding aubacetate of lead to a decoction of willow- 
bar!^ as long as a precipitate falls, filtering, boiling with chalk, filtering 
a second time, and evaporating the solution, when the salicin ciystallizes. 

Salicin forms ^vhite prismatic crystals, of a bitter taste, insoluble in 
ether, sparingly soluble in cold, but readily so in hot water and alcohol ; 
it is neither acid nor alkaline, and wh^n heated with sulphuric or muriatic 
acid, is converted into an insoluble matter, having the characters of a 
rosin. By the .action of nitric acid, it is said to be converted into carba- 
zotic acid \ but according to the analyses of Pelouze and J. Gay Lussac, 
it is a ternary compound of 55.49 carbon, 6.38 hydrogen, and 38.13 
oxygen. We have no means of determining its equivalent. 

2. PiPERiN. This substance was discovered by Oersted, in 1819 
{Journal de xc.), and afterwards examined by Pelletier; it is 

obtained from black pepper^ {Ann, de Chim, el Phys,^ xvi.) Vogel gives 
the following process for its extraction . Digest 16 ounces of coarsely- 
powdered pepper for forty-eight hours in twice its weight of water, five 
times in succession; press out anc^diy the insoluble portion, and digest it 
for three 4ays, in 24 ounces of alcohol ; press out this solution, filter, 
and evaporate iP to the consistence of syrup ; crystals are deposited, 
which are to be freed from adhering resin by ether, redissolved in alcohol, 
purified by animal charcoal, and recrystallized. 

Piperin is a crystallizable substance, generally of a pale straw-colour, 
and ill the form of four-sided prisms, insoluble in cold, and slightly 


* Several analyses liave been made of 
different species of ipecacuanha (and 
there are several known in the drug- 
trade), by MM. Pelletier and Majendie, 
and an adeonnt of their researches is 
published 1^ M. Robiquot {Am, de 
Chim, et Phps, iv. 172); ,100 parte of 
the brown wriiikled variety of this root, 
deprived of the comparatively inert 
woody fibre which traverses itq centre, 
afforded 


Fatty matter . . . 

^ 2 

Emetine 

14 

Gum 

. 10 

Starch 

18 

Woody fibre . . . . 
A trace qf wax . . 

, 48 

]^iOSS 

. 2 

100 


f^'Dascribed, from this sourcoi under * 
tiio nopifi jPppu/tfi? 
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ioluUe in hot water ; readily soluble in alcohol^^d less so in etlien It 
fuses at a little aboye 212^. It dissolves in, but does not combine with, 
the ^ds : dissolved in acetic acid, it is left, on evaporation, in plumose 
drysms* It consists, according to Gobel, of ^.95 carbon, 8.13 hydrogen, 
and 10.92 oxygen. 

3. Aspabagin. This principle was discovered in aspara^S, by 
Yauquelin and Robiquet (Ann, de C^tsi., Ivii.) ; and , was shown by 
Plisson to be identical with a substance found by Robiquet in liquorid^*- 
root, which he named Agedoite (Ann. de Chim,^ Ixxii. and also with the 
Aithein^ discovered by Bacon, (Ann. de Ckim. el Phys.^ xxxiv.) has 
been found by link in ithe Orniihogalum^ and by Blondeqi^lh the 
Symphytum officinalis. 

It is best obtained from asparagus, the juice of which is expressed, 
evaporated to the consistency of syrup, and set aside ; it deposits crystals, 
which are purified by solution in water and recrystallization. 

Asparagin forms transparent prismatic crystals, which are hard, brittle, 
of a cooling and somewhat nauseous taste, neither alkaline nor acid ; 
soluble in 58 parts of cold water, and more soluble in hot ; insoluble in 
anhydrous alcohol, and in ether. The crystals lose about 12 per cent, of 
water when heated : they evolve ammonia when triturated with caustic 
potassa, and nitric acid converts them into a bitter matter. According 
to Liebig, anhydrous asparagin consists of 


Carbon . . . . 

8 

48 

. 38.4 

38.74^ 

Hydrogen .... 

8 

8 

8.0 

5.04 

Oxygen 

6 

48 

38.4 

38.05 

Nitrogen 

2 

28 

21.2 

21.27 

Anhydrous asparagin 

~ 

132 

100.0 

100.00 


The crystals include 2 atoms of water. 

Aspartic Acid. When asparagin is long boiled with hydrated oxide 
of lead, magnesia, or other bases, it is resolved into ammonia, and into a 
new acid, c^ed the aspartic acid, and yet asparagin is not, as might be 
supposed, an aspartate of ammonia^ because the alkalis do not imme- 
diately separate ammonia from it, nor do acids throw down aspartic acid 
when added to its aqueous solution. 

When the aspartate of lead is decomposed by sulphuretted hydrogen, 
the aspartic acid is separated in the form of a white crystalline powder, 
consisting of 1 atom of anhydrous acid and 2 of water. The anhydrous 
aspartic acid consists of 


Cwlion 8 48 .. 41,7 .• 48.I® 

Hydiogea. 6 .. 6 .. 4.4 . . 4.87 

Oxygen 6 . . 48 . . 41.7 . . 41.27 

1 .. 14 .. 18.2 .. 18.20 


Anhydronaiwpartieadd . . I 110 100,0 100.00 

Hence we «ee that 1 atom of anhydrous aquingin ss 132, contains the 
elements of 1 atom of ai^utic arid 115, and 1 of ammonia s: 17 * * Or 

A.|ii«t0c«U. ; , Aaowa).. 

(8 car + 8yi + 6o + 2n)s=(8 car + » A + 8o + n) + (s h+n.) 
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4. DkPHNiN. The existence of an acrid crystallizable principle in 
mezereon {Daphne mezereoft\ was first shown by Yauqnelin {Ann. de 
Chim.j Ixxiv.), and ^afterwards its properties were further examined by 
C. G. Gmclin and Bar, in 1822. A decoction of mezereon-bark is pre- 
cipitated by subaoetate of lead, and the washed precipitate decomposed 
by sulphuretted hydrogen : the solution is then filtered, evaporated, and 
the residue digested in cold anhydrous alcohol, ih>m which daphnin 
cfystallizes, leaving malic acid and colouring-matter. 

Daphnin, purified by washing with cold alcohol, solution in water, 
and reciystallization, forms colourless crystals, bitter, but neither alkaline 
nor acid ; soluble in hot, and sparingly in cold water, soluble in alcohol 
and ether, converted into oxalic acid by nitric acid, and fusible, before it 
decomposes by heat. 

5. Caffein. Coffee has been the subject of many chemical researches, 
and in 1821 a peculiar crystallizable principle was extracted from it by 
Pelletier and Caventou, and by Bobiquet and Bunge, previous to which, 
Schrader had published an analysis of coffee-beans^ of which the following 
is an abstract. (Berzelius, Lehrbuck^ iv.) He found that 8 ounces of 
rarv coffee distilled with water, gave a turbid and odorous distilled water, 
but the quantity of oil which probably produced these effects, was too 
small to collect. The decoction in the retort was filtwed, and was then 
of a yellow-green colour : it was evaporated to syrup-consistence, and 
mixed with alcohol, sp. gr. 0.85, as long as this occasioned a precipitate. 
The filtered solution was then evaporated, and left 17-58 per cent, of a 
bro^vn transparent extract, (Gmelin's coffee-hitter^) soluble in water, and 
having the characteristic bitter taste of the raw coffee-bean. It is 
insoluble in ether and in absolute alcohol, and sparingly soluble in 
alcohol of 0.84, but its aqueous solution is not precipitated by alcohol. 
It is not altered by dilute acids or alkalis ; the la§t deepen its colour, 
and lime-vrater precipitates it of a green colour : the salts of iron pro- 
duce mth it a grass-green colour, and a dark-green precipitate ^s, 
soluble ill excess of acid. When an alkali is added to its solution, pre- 
viously mixed ivitli a salt of copper, a fine green precipitate falls, which, 
carefully prepared without excess of oxide of copper, may be used as a 
pigment. Acetate of lead precipitates it yellow-green, and protochloride 
of tin, gray ; and when these precipitates are decomposed by sulphuretted 
hydrogen, the extractive is evolved unchanged. It is neither precipitated 
by gelatine nor by infusion of galls. It yields ammonia on destructive 
distillation, and a crystallized sublimate. 

The substance precipitated by the addition of alcohol to the original 
decoction of the coffee, was a mixture of 3,6 per cetit. of brown gum, 
and 37 pulverulent extractive. The coffee-beans also contain resin, and 
a fat oil, which may be extracted by alcohol. The insoluble reridue 
constituted two-thirds of the weight of the beans. When burned, 
coffcc-bcons leave 4 per cctU of ash) consisting of carbonate of potosso, 
(the base of which was combined with a vegetable acid,) sulphate of 
potassa, chloride of potassium, carbonate and |»hosphate of lime, mag- 
nesia, and the oxidbs of iron and manganese. 

The crystallized sublimate alluded to by Schrader has since become 
the subject of separate examination ; it is the caffein of Pelietier and 

3x2 
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otliers, and was first obtained by Range in 1820. Tlierc are various 
methods of obtaining it, and it may be procured in cousiderublc quantity 
l>y those who roast large quantities of coffee ; it sublimes in a very 
impure form, but is easily deprived of its adhering impurities. The 
process generally recommended for its preparation is that of Runge ; it 
consists in making a strong aqueous infusion of ground raw coffee, adding 
to it a solution of sugar of lead, which occasions fi green precipitate, and 
leaves the supernatant liquor colourless : the excess of the salt of lead 
in this liquor is then precipitated by sulphuretted hydrogen, it is filtered, 
and evaporated ; the caffein remains, and must be treated by animal 
ebarcoal to whiten it, and recrystallized. 

Caffein forms w’hitc silky crystals, soluble in boiling water and 
alcohol, and deposited in crystalline filaments as these solutions cool ; 
it has no alkaline reaction, nor docs it saturate acids ; it is, therefort*, not 
an alkaloid; yet it resembles those bodies in ultimate composition, con- 
sisting, according to Pfaff and Liebig, (Ann, de Chim, et Phi/s.^ xlix. 


303,) of 

Carbon 8 . . 48 . . 4.0.5 

TTydrogen .... 5 . . 5 . . 5.1 

Oxygen 2 . . 16 . . 16.5 

Nitrogen ..... 2 . . 28 . . . 28.8 

Caffi'in 1 87 liW).0 


Uoasted Coffee, According to’ Cadet (Ann, de fV/Z/w., Iviii,), coffiM* 
roasted to a pale-brown colour, loses 12.3 per vent,; to a cbestnut-brown, 
18,0 per cent,^ and to a black, 23.7 6c;//. 8o that the ordinary loss 

of weight in coffee-roasting may be estimated at (ibout 12 to 14 per cent. 
Schrader found, in roasted coffee, 

Extractive matter soluble in water and alcohol, closely resem - 1 

bling that of raw-coffee, but browner and dcliqin^scent ) * 


Brown gum 10.4 

Extractive, soluble in w^ater, but insoluble in alcohol 5.7 

Oil and resin 2.0 

Insoluble burned woody fibre 60.0 


09.6 

When roasted coffee was distilled with water, tlic aroma passed over ; 
the distilled water reddened litmus, and had the agrecahle odour of the 
coffee. When raw coffee is so roasted as to collect the volatile products, 
a portion of fragrant empyrcumatic oil jnisses over, wliicli, in the 
ordinary mode of roasting, is lost. According to Chevenix, (Tilloelfs 
Magazine., xii. .350,) a j)ortion of tannin is formed during roasting; and 
Ca<let states, that the greatest proportion of tannin is contained in slowly 
and slightly-roasted coffee, and that when it is very brown or IJaelc, its 
proportion is much diminished. Tliis product, however, proliahly 
depends much upon temperature, for Paysse, Schrader, and Runge, 
assert that gelatine is not precipitated hy an infusion of roasted coffcc\ 
Schrader e.ndeavourcd to ascertain the particular principle to wdiich the 
flavour and aroma of roasted coffee are due, hy exposing ejicli of the 
proximate principles of unroasted coffee separately to heat; hut he 
found that no one of them yielded any peculiar flavour, and that tlie 
ligneous residue, when roasted, acquired as niu(;h of the characteristic 
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flavour, as wlien the other principles were retained ; so that the flavour 
of roasted coffee must be ascribed to the joint eflect upon all the con> 
stituents : the cafiein seems to play a very passive part as far as flavour 
is concerned, and a considerable proportion of it remains unchanged, 
after roasting, whilst another part of it is merely volatilized. 

The flavour of coffee as a beverage, depends in the first place upon 
the roasling^ and in the next, upon the mode of making the infusion ; 
the coffee should be rapidly but well roasted, and it is said to be improved 
by roasting in a close vessel ; it should be aired and ground into fine 
powder immediately before use; it is sometimes boiled^ and sometimes 
infused ; in the former case, the coffee is darker coloured, more bitter, 
and has more of an acid flavour than w'hen infused, and the infusion in 
a close vessel is more aromatic than that in an open one, especially when 
the coffee-pot is so managed as to steam the powder. The pleasantest 
flavour is obtained by placing a sufficient quantity of finely-ground and 
freshly-roasted coffee upon a filter, (very coarse filtering paper in a 
funnel answers very well,) and pouring boiling w'ater upon it so as to 
filter quickly into the vessel beneath. When coffee is boiled it is apt to 
be thick, unless fined by the addition of a little white of egg, or isinglass, 
which probably carries down the tannin. 

6. Catiiartin. a, 1-assaignc and Fenoulle, in their analysis of senna- 
fcarcs, {.Jour, de Phar,^ x. 59,) obtained from them a little volatile oil, 
having the nauseous odour of the infusion of senna. A cold infusion of 
senna contains vegetable albumen. From a decoction of senna preci- 
pitated by acetate of load, decomposed by sulphuretted hy<lrogen, and 
subjected to the action of several other solvents, they obtained a bitter 
purgative principle, which they called cathartine ; but from the com- 
plexity of the process, it seems doubtful how far the product is to bo 
regarded as a real proximat-e principle of senna: the whole subject 
requires revision. The effects of various reagents upon an infusion of 
senna, are detailed by ^Ir. Batlev in the London Medical Repository^ 
(xv. 1()9.) 

7. CoLOCYNTiN, or the purgative principle of the pith of coloquintida, 
was extracted by Vauquelin from that substance by the action of alcohol, 
which left on evaporation a resin-like matter, diflicultly soluble in water, 
readily soluble in alcohol and in acids and alkalis, and eminently bitter 
and purgative. 

9. Elatin. The fruit of the fvild cucumber {Cucumis claterium) 
furnishes a very acrid juice, which deposits the powerful cathartic kno^vn 
under the name of elaivrium. This substance occurs in commerce in 
thin cakes of a greenish colour and bitter taste ; it derives its cathartic 
powers from a sm.all portion of a very active principle, which Dr. Paris 
has called Elatin, (Pharmacologia.) From 10 grains of claterium, he 
obtained. 
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By boiling elateriiim in alcohol, distilling off the greater part of the 
solvent, and setting the remainder aside to evaporate spontaneously, Mr. 
HenneU obtained a green resin, in which the purgative quality resides, 
and a crystallized substance ; he separated these by the action of ether, 
which took up the resin and left the crystallized product ; the latter was 
purified by solution in hot alcohol and crystallization : it was nearly 
insoluble in water and in ether, but soluble in hot alcohol, bitter, fusible at 
about 350^, neither acid nor alkaline, and composed of 36.9 carbon, 23.9 
hydrogen, and 39.2 oxygen per cenL In olateriuni, Heniiell found 40 per 
cent, of the crystallizable matter, and 21 of the purgative rosin, the residue 
being lignin, starch, and earthy matter. {Jour. R. Inst. N. S., i. 532.) 

9. !I^abarbarin. The purgative principle of rhubarb is stated by 
Nani, of Milan, to be an alkaloid, but the details of his experiments 
have not been given. {Quart. Jour., xvi. 172.) 

The root of rhubarb {Rheum palmatum,) as it occurs in commerce, 
has been examined by Schrader and myself with the following results. 


Water . . .8.2 

Gum .... 31.0 
Resin .... 10.0 
Extract, Tan, and Gallic acid 20.0 
Phosphate of lime . - 2.0 

Malate of lime . . . 0.5 

Woody fibre . . . ifi.3 

(Braude, Quart. Jour. ^ x. 291,) 100.0 


Resin 2.8 

Rhabarbarin . . 24.0 

Mucilage .... 14.8 
Woody fibre . . . 47.0 

Oxalate of lime . . . 0.0 

IjOSS .... 2.4 

(Schrader, Gmeliris Handbuch,) 100.0 


10. Rhein. When 1 part of powdered rhubarb is gently heated with 
8 of nitric acid, sp. gr. 1 .37, and the liquor evaporated to the consistence 
of syrup, and diluted with cold water, an orange-coloured powder is 
deposited, which 31. Vaudin has termed Rhein ; it is inodorous, bitter, 
sparingly soluble in cold water, soluble in alcohol, ether, and boiling 
water, reddened by the alkalis, and rendered paler by the acids. It is 
stated not to be a product, but to pre-exist in rhubarb, and to be 
extracted from the root by ether : it requires Te-e3camination. 

1 1 . Riiaponticin is a substance obtained from the Rheum rhaponlicum, 
in the form of yellow scales, inodorous, insipid, and insoluble in cold 
water; soluble in 24 parts of boiling water, and in 2 of anhydrous 
alcohol. (Homemann.) 

12. Gentianin. This principle has been extracted by the following 
process from the root of the Gentiana lutea*, by Henry and Caventou. 
(Majendie*s Formulary, translated by Gregory.) 


* Many other bitter substances have 
been described as distinct proximaie 
prtrccip^«,but their title to tliat character 
is so doubtful, that I have here omitted 
their enumeration. They generally par- 
take of the above-doscrib^ chi^tera 
either of gum, resin, or extractive. 
Hops contain a bitter extractive matter, 
which has been termed lupulin, a name 
first applied by Dr. Ives, of New York, 
to the pollen, or condition of tlie hop, 
which consists of 36 resin, 12 wax, ll 


bitter extract or lupulin, 6 tannin, 10 
extractive insoluble in alcohol, and 46 
insoluble residue. (Sec also Paycn and 
Chevallier, Jour de Phar., viii. 216.) 
Borne of these bitters have been alluded 

to above. 

Bryonin, obtained by Vaiiquelin and 
Brandes from the Bryonia alba: cytisin, 
from the Cytisus laburnum, by Cheval- 
lier and La^gne; scUlitin, from the 
Scilla maritima, by Vogel ; senegin, from 
the Polygala senega, by Golden; sapo 
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Treat powdered gentian with cold ether, which in forty-eight hours 
furnishes a greenish-yellow tincture ; this being filtered, poured into an 
open vessel, and exposed to heat, passes on cooling, (if the liquor be 
suificieutly concentrated,) into* a yellow crystalline mass, with the odour 
and tasle of gentian very powerfully developed. This mass is to be 
treated witli alcohol, until it ceases to yield a citron-colour. The 
wiishings are then to be united and exposed to a strong heat, when the 
crystalline substance reappears and concretes towards the close of the 
evaporation into a mass which is exceedingly bitter. This, taken up 
again by weak alcohol, is dissolved, with the exception of a certain 
quantity of oily matter. Tlie last spirituous solution, besides the bitter 
principle of gentian, contains an acid substance and the odorous matter 
also. • 

“ By evaporating this liquid to diyness, washing the residue in water, 
adding a little calcined and well-washed magnesia, boiling, and evapo- 
rating in a water-l>ath, the greater part of the odorous matter of the 
gentian is dispersed, the acidity is removed by the magnesia, and the 
hitter principle remains partly free and partly combined with the 
magnesia, to which it imparts a fine yellow colour. On boiling this 
magnesia with ether, the greater part of the bitter princii)le is obtained, 
which may be isolated and rendered pure by evaporation. If it be 
desired to sc‘par*itc tlie greater pjirt of the bitter j)riaciplc tliat remains 
ill the magnesia in a fixed state, and which could not bt* tukcui up by the 
ether, ue may treat it with oxalic acid in sufficient quantity to produce 
slight acidity. TJie acid seizes upon the magnesia, and sets the bitter 
principle at liberty, which may be recovered in the manner already 
doscrila‘d. 

“(lontianinc is yellow, inodorous, possessing in a powerful degree tlie 
aromatic liitter taste of gentian, which is very much increased by solution 
ill an acid. It is very soluble in ether and alcohol, and separates by 
spontaneous evaporation under the form of delicate crystalline needles of a 
yellow colour. It is much less soluble in cold water, wdiich it renders not- 
withstanding very bitter ; boiling winter more readily dissolves it. Diluted 
alkalis heighten its colour very much, and dissolve a little more of it 
than water. Acids diminish its yellow colour in a very remarkable 
manner. AVith sulphuric and phosphoric acids the solution is almost 
colourless ; but w ith the w eaker acids, such as acetic, it is still yellowish. 
Concentrated sulphuric acid carbonizes it and destroys its bitterness. 
Exposed ill a glass tube to the heat of boiling mercury, gentianine 
sublimes in the form of small yellow crystalline needles, and is partially 
decomposed. It has no sensible cifect on turnsol, eitlier when blue or 
reddened by acids. It is apparently neutral.*' 

Hill, from the Sapottaria qffieitialis ; there ai'C peculiarities In^longing both to 
guaraniny from the fruit of the PauUima the chemical aud medical properties 
nm'bUis, by Martins; ColumbiHy from of the root, which will probably be 
Cainmba rooty are a few of the active traced to a distinct substauce. The 
ju’iiu'ipies of plants which have been parillin and smilaein of Pallotta and 
regarded os distinct proximate com|K)- Folclii I liave not been able to identify, 
iients. Among the investigations of The systems of Berzolius and Ginelm 
this kind, those relating to sarsapariUa may be consulted for abstracts of what 
seeiii to liold out proiuisiug results, for is known upon the above subjects. 
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13. Thein. According to Oudry, tea-leaves contain a peculiar prin- 
ciple, (salifiable base?) which he says may be separated as follows (Ber- 
zelius, Lehrhuch^ iv.) 12 parts of tea w'ere infused for twenty-four hours 
in 200 of cold water, in w'hich three of common salt were dissolved. The 
infusion w'as evaporated to dryness, and the residue digested in alcohol of 
0.81 ; the residue of this alcoholic tincture was then dissolved in water, 
and digested with magnesia, and filtered. On evaporating the filtered 
liquor to a certain degree of concentration, crystals of ihcin were 
obtained, and the magnesian residue, digested in alcohol, yielded a further 
portion. 

Thein requires 30 to 40 parts of water at 50° for solution, and crys- 
tallizes irregularly on evaporation. When heated, it first fuses and is 
then decomposed. It has no alkaline properties to tests, but it forms 
crystallizable compounds with sulphuric and with citric acid. Berzelius 
observes that these statements require corroboration. 

Some years ago I examined the varieties of tea in common use (Qwa/*- 
tcrly Journal^ xii., 201), and found that the quantity of astringent 
matter precipitable b}^ gelatine is somew'hat greater in green than in hhiek 
teOy though the excess is by no means so groat as the eomj^arative flavours 
of the two would lead one to expect. The entire quantity of soluble 
matter is also greater in green than in black but the extractive matter 
not precipitable by gelatine is greater in the latter. 

The following table shows the respective qufintitics of soluble matter 
in water and in alcohol, the weight of the precipitate by isinglass, and the 
proportion of inert woody fibre in green and black tea of various j>rices. 
It is given, not as thyownng any important light upon the cause of the 
different qualities and effects of tea, but as containing the results of actual 
experiments. It will be remarked, that when t(‘a-lcaves have been 
exhausted by water repeatedly affus^‘d, alcohol is still capable of extracting 
a considerable quantity of soluble matter: the alcoholic extract, infusfHl 
in boiling water, furnishes a liquid which smells and tastes strongly of 
tea, and W’hich, were it not for the expense of the solvent, and the trouble 
attending its separation, might perhaps be profitably employed. 


One iiuntlreil parts of Tea. 

S<jlu\»le ill 

Water. 

SuliilMe ill 
Alculiul. 

rrecinitate 
with h?Uy. 

Inert 

Ut'Miiii 

Green Hyson . 

14«. per lb. 

41 

44 

31 

58 

» 

12«. 

>9 

H4 

13 

2il 

57 


10^. 

>5 

Hd 

43 

2d 

57 

»> 

8jt, 

99 

3d 

42 

25 

58 

» 

7s. 

>9 

31 

41 

24 

57 

Black Bouchong 12^. 

99 

35 . . 

30 

28 

84 

9f 

\Og. 

99 

34 ... 

37 

28 

83 


Hi. 

99 

37 

35 

28 

8:i 


7s. 

99 

3d 

35 

24 

84 


dg. 


35 

31 

23 

85 
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§ XX. Parts op Plants. 

I SHALL include in this section a short notice of the chemical components 
of sonic of the parts of plants useful in medicine and the arts, and which 
I have not elsewhere noticed. The third volume of Berzelius' Lehrhuch 
(Gcrinjin or French translation), and the article on Chemical Botany in 
Leopold Gindin's Handbuch (vol. iv.), may be referred to for further 
details. 

1. Roots. Allium sativum^ and Allium cepa. Garlic and onions 
have been but imperfectly examined. ITicy both yield, on pressure, 
a juice strongly odorous, and which reddens on exposure to air, and is 
acid ; they yield a volatile oil on distillation, and onions afford mannite. 

(p. 906.) 

Amomum curcuma^ or Curcuma longa. Turmeric- root ^ as a colour- 
ing-material, has been above noticed (p. 942). It contains, according to 
John, 1 yellow volatile oil, 12 resin like gamboge, 14 gum, 57 lignin. 
Turmeric is cultivated in the East Indies, and used as a <*ondiment, espe- 
cially in Curry-powder. Digested in water or alcohol, it furnishes a 
large proportion of yellow colouring-matter. Most of the acids render 
it paler, and the alkalis change it to a deep brick-red; hence its use as a 
test of the presence of alkaline matter. It is aUo reddened by bomcic 
acid, and by muriatic acid gas. Some of the peculiarities of the colouring- 
principle of turmeric have been noticed by M. Desfosses (Ann. de Chim. 
cl Phys.^ xvi., 7i>)j and by Mr. Faraday (Quar. Jour.y xi., 403). 

Amomum zinziher, (Bucholz.) Ginger-root contains l.oO volatile 
oil, 3.0 acrid resin, 10.5 acrid and sourish extractive, 12.5 gum, 19.75 
starch ( 8.3 muciUige, 20 extractive, 8 lignin, remainder water and loss. 

Angelica arcliangelica. Essential oil luid fragrant aromatic resin 0.7, 
Ijitter extract 12,5, gum 33.5, inulin 4, matter soluble in alkali 7.3, 
lignin 30, water and loss 0. (John.) 

Antliemis pyrvthrum. The stimulating pow^r of this root upon the 
salivary glands is due to its soft resin. It contains traces of volatile oil, 
soft resin 5, yellow extractive 14, gum 11, inulin 33, lignin 35. (Gautier.) 

Arislolochta serpentaria. Volatile oil 0.5, 3 'ollow soft resin 2.85, 
extractive I. 70 , saponaceous gum 10.10, lignin 02.4, water and loss 14.5. 
(Bucholz.) 

Asa rum vuropwum. In the root Lassaigne and Peneulle found a crys- 
tallizable volatile oil, somewdiat resembling camphor. It has been called 
asarin. 

Aspidium filix mas. Male fem-root contains, according to [Morin, a 
trace of volatile oil, fat oil, sugar, starch, tannin, pectine, malic and gallic 
acids combined with lime and potussa, phosphate of lime, and lignin; its 
ashes yielded silica, alumina, and oxide of iron. 

Berheris tulgaris. The root yielded 2.55 of bromi colouring-matter, 
prccipltable by acetate of lead; (i .02 of a fine yellow extract (d^e-stuff ), 
not so thrown down; gum 0.35, starch 0.2, oil 0.4, soft resin 0.55, lignin 
55.4, water, earthy and alkaline salts, &c., 35. 

Bela vulgaris. Common heel-root. (ISee pp. 905, 922). 
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Brassica rapa. Turnips. (See pp. 896, 922.) 

Bryonia alha. Brjouin has been above adverted to. According to 
Brandes and Fimhaber the root contains, bryonin and a little .sugar 1 .9, 
resin and a little wax 3.4, mucilage, gum, starch, and pcctine 29.4, albu- 
men 6.5, extractive 1.7? lignin 15.25, water 20, 

Calicocca^ or Cephaelis ipecacuanha. Pyxcutria emetica. Ipeca- 
cuanha-root has been examined by MM. Pelletier and Majeiidie, and an 
account of their researches is published by M. l{obi<]Uet, in the Ann. tie 
Chim. €f Phj/s., iv., 172. 100 parts of this root, deprivt‘d of the woody 

fibre >vhich traverses its centre, atforded, fatty matter 2,cinetina 14, gum lt>, 
starch 18, woody fibre 48, a trace of wax, loss 2. Tlie means of separating 
the emetic principle have already been described. (fcJee p. 1040.) 

Cicharium iniibus, Succory-^root is much used in Germany and else- 
where, when roasted, as a substitute for coftee: it has not been stitisfac- 
torily analyzed. According to Juch it contains 0.25 bitter extractive, 
0.03 resin, traces of sugar, and the rest lignin. 

Cochlcaria armoracia. Horseradish. Einhof obtained from 4 pounds 
of the fresh root, 3 lbs. 2 oz. water, 20 grains volatile oil, 31.5 grs. 
albumen, 1.5 oz. and 20 grs. of starch, 1.5 oz. of gum mid sugar, Ognuiis 
bitter resin, 1 drachm 41 grs. acetate of lime, sul]>hate of lime, and acetic 
acid, 8 oz. lignin. 

Colchicum autumnale. (See Perairia^ p. 1035.) The bulbs contain a 
fatty matter resembling that of veratria, and of sabadilla seed? also gum, 
iiiulin, starch, extractive, gallate of veratria, and lignin. HK) lbs. of the 
recent bulbs yield betw'cen 18 and 19 lbs. of pharmaceutical extract. 

Columbo. The supposed existence of a distinct principle in this root, 
has been adverted to; it contains, according to Planche, one-third its 
weight of starch, and a peculiar nitrogenous principle, to which the ten- 
dency of its infusion to putrefy is ascribed ; also a peculiar yellow bitter, 
not thrown down by metallic salts, and soluble in wrater and alcohol, to 
which its medical virtues are due; one-third its w^eight is lignin. The 
average produce of pharmaceutical extract of columbo is 62 per cent. 

Convolvulus jalappa. Jalap^ analyzed by (^adet de Gassicourt, yielded 
10 resin, 5 starch and albumen, 44 gummy extnict, 28 lignin, exclusive 
of salts, wnter, and loss. The supposed existence o^ jalapin has, 1 l)elieve, 
not been verified. The average produce of pharmaceutical extract of 
jalap (^Lond. Phar.) is 66 per cent. 

Crameria triandra. Rhatany root. 38.3 tannin, 6.7 sweet extractive, 
2.5 azotised mucilage, 8.3 starch, 43.3 lignin. 

Daucus carota. Carrots have been mentioned as a source of sugar 
and pectine (pp. 864, 922.) Ifermbstadt obtained 6^ lbs. of s>TUp from 
124 lbs. of carrots. 

Gcntiann lutea. (Seep. 1046.) According to Henry {Ann. of Phil. ^ 
xvi., 98), gentian contains the following substances: 1. a substance 
resembling bird-lime; 2. a resin combined with oil, which gives to gentian 
its peculiar odour; 3. a bitter extractive principle ; 4. gum and colouring- 
matter; 5. phosphate of lime? 100 lbs. of gentian-root yield about 62 of 
pharmaceutical extract. 

Glycyrrhiza [ijahra. Two of the compounds of liquorice-root have 
already been moutioned, namely, a peculiar sugar^ and asparagin^ 
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(pp. 9979 1042.) Rohiquet found in it the following substances {Ann. de 
Chim., Ixx.): 1. stare 1 ; 2. gluten; 3. liquorice-sugar; 4. phosphate and 
malute of lime and m .«^esia; 6. an acrid oil ; 6. a crystallizable substance 
resembling asparagin. 7« woody fibre. 

Inufa helcntum. (See Inulin^ p. 914.) Elecampane-root contains, 
volatile oil 0.4, wax 0.6, acrid soft resin 1*7, bitter extractive soluble in 
alcohol and w'atcr 36.7, gum 4.5, inulin 36.7, albuminous matter 13.9, 
lignin 5.5. (John.) 

Leoniodon taraxacum. Dandelion-root is stated by John to contain 
in its milky juice, a portion of caoutchouc, besides sugar and gum, and a 
very small quantity of bitter extractive. 100 lbs. of the fresh root yield 
1 1 lbs. of pharmaceutical extract. 

Marantha arundinacea. 'Die root of this plant has been mentioned 
as a source of the species of starch which we call arrow-root. The fresh 
root contains, according to Benzon, volatile oil 0.7, starch 26, albumen 1.58, 
gummy extract 0.6, lignin 6, w'ater 65.6. 

Orchis mascula. The root, called salep.^ contains starch and mucilage. 

Pastinaca, sativa. From 124 lbs. of parsneps llemibstadt obtained 
54 lbs of syrup: according to Drapier they yield 12 per cetft. of sugar. 

Poly gala senega. Senega-root yields 7*5 soft resin, 6.15 senegin^ 
26.85 extractive, 9.5 gum and albumen, 46 lignin. 

Rheum pal mat um. (See p. 1046.) 100 lbs. of Indian rhubarb yielded 

69 lbs. of aqueous extract. 

Ruhia tinctorum. Madder-root is an article of great importance in 
dyeing; it grows wild in most parts of the south of Europe, and is largely 
cultivated in some parts of Holland imd the Levant; its red colour is apt 
to be injured by drying, a process requiring much caution. Good mad- 
der has a strong and peculiar smell ; it exhibits, when cut, a cortical, and 
a woody part of a red colour, intermixed in the former with yellow 
spots. The red portion is most soluble. A peculiar substsmee, obtained 
from madder, has already been noticed under the name of Alyzarinc. 
(See p. 936.) 

Scorzonera hispanica. The fresh root of this plant contains, 9 starch, 
3 resin, 16 extractive, 32 water, 46 lignin. (Juch.) 

Smilax sarsaparilla. The varieties and uses of this root T have 
described in the Manual of Pharmacy. Sec also p. 104 7-. note. Cannobio's 
analysis is as follows: acrid bitter resin 2.8, gummy extract 5.5, starch 
5*1.2, lignin 27.8, loss 9.7* The relative quantity of starch compared 
with that of extnictive is enormously great in some species as compared 
with (others. The average produce of the red sarsaparilla in pharma- 
ceutical extract is 33 per cent. 

Solanum luheromm. The analyses of potatoes hare been given else- 
where. (Sec p. 908, note.) 

Triticum repens. The root of this species of grass abounds in sugar; 
100 parts of dry root (= 112 fresh) yield 17 to 18 parts of an agreeable 
syrup, (Mellago graminis of foreign pharmacy.) Kaff has rendered it 
probai)le that it contains manna-sugar. 

Valeriana officinalis. The acid of this root has been above described. 
It contains, according to Trommsdorff, volatile oil 1.2, a peculiar extrac- 
tive, including the acidV 12.5, gum 18.75, an odorous soft resin 6.25. 
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The essential oil is the seat of the odour. 100 lbs. of clean valerian root 
yield between 38 and 39 of pharmaceutical extract. 

Veratnm album. See veratria (p. 1035.) The root contains a 
peculiar fatty-matter, yellow extract, gallate of veratria, gum, starch, and 
lignin. 


2. Barks, ^sculus hippocastanum. The bark of the horse-chestnut 
has been partially examined by M. Henry. (Ann. de ( him.^ Ixxvii.) It 
appears to contain scarcely any resin; water luul diluted alcohol dissolve 
nearly the whole of its soluble contents, which are chiefly extractive and 
mucilage. Tincture of galls does not render its infusion turbid; it does 
not contain an alkaloid. According to Pelletier mid C'aventou, this bark 
contains a green fixed oil, a red resin, a red extract, a yellow-bitter 
extract, tannin, gum, and a free acid. (See csculic acid^ p. OOO, wo/e.) 

Brucia antidpsentei ica. The bark of this tree is in fact anpustura 
bark (Bonplandia trifoliata), and not the spurious angustura^ which is the 
bark of a strychnos. (See p. 1032.) Aiigustura bark (cusparia bark of 
our pliamiacopoeia), contains, according to Fischer, acrid volatile oil 0.3, 
bitter hard resin 1.7, balsamic soft resin 1.1), bitter extractive, with a 
trace of caoutchouc, 3.7, gum 5.7, lignin 89.1 . 

Cinchona lancifolia^ cordijolia^ and obiongifoliay and other species. 
(See cinckonia^ quinia^ &c.) The varieties of Peruvian bark have been 
examined by MM. Pelletier and Caventou. In the cinchona land folia ^ 
or pale they found the following constituent parts: 1. C'inchonia, 
combined with kiiiic acid; 2. green tatty matter; 3. red and yellow 
colouring-matter; 5. tannin; 5. kinate of lime; 6. gum; 7* starch; 
8. lignin. 

In pellow bark they found, 1. quinia, with kinic acid; 2. yellow fatty 
matter; 3. yellow colouring-matter; 4. tannin; 5. kinate of lime; (i. 
starch ; 7« lignin. In red bark the same substances as in the 2 former. 
There can be no doubt that the tannin, and probably the colouring 
extractives, as well as the alkaloids and the kinic acid, all contribute 
to the medical eificacy of these barks. Tlie produce, in pharmaceutical 
extract^ of pale bark^ is about 36 per cent. 

Croton cascarilla. This bark, analyzed by Troinmsdorf, gave 1.6 
volatile oil, 15.5 bitter soft resin, 18.7 bitter gummy extractive, 65.6 
lignin. 100 lbs. of cascarilla bark yield about 30 of pharmaceutical 
extract. 

Daphne Mezereon. Gmelin and BUr obtained from mezereon-bark^ 
daphnin (p. 1043), wax, acrid resin, yellow colouring-matter, a saccharine 
and browm extract, gum, malic acid, lignin, and several salts. (S<!C Ber- 
zelius, for details.) 

Laurns Cassia. The bark contains volatile oil 0.8^ tasteless pale- 

brown roft resin 4, gummy extract 14.6, lignin 64.3, water and loss 16.3. 
(Bucholz.) 

Laurvs Cinnamomum. The finest Ceylon cinnamon-bark yields 
essential oil, a soft aromatic resin soluble in ether, tannin, extractive, 
gum, and aWe 80 per cent, of lignin. (Vauqudin.^ 

Pinus silvestris. The inner bark of the young «8cotch fir was, for 
many years, used by Westring in the cure of intermit tents. Berzelius 
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found in it soft resin 0.0, tannin with extractive 6.06, a hitter extractive, 
precipitahlc by suUicctate of lead, and containing sugar, 15.0, cinchonate 
of lime 0.53, a gelatinizing principle 10.15, water and loss 5.25. Ber- 
zelius considers the gelatinizing matter to be {>ectic sicid and starch ; and 
hence tl)c nutritive property of this bark, which induces the peasantry in 
northern countries to use it as a substitute for bread in j^ears of scarcity. 
(»Sec p. 1)20.) The soft resin is turpentine? 

Quassia simarouha. The bark, used in medicine, contains a volatile 
oil, bitter extract, traces of gallic acid, and many salts. 

Quvreus rohur, Oak^harlc, (Sec p. 926.) 100 lbs. of oak-bark yield, 

on an average, 20 lbs. of aqueous cxtnict. 

U Inins canipcsiris, Elm-hark contains a green fatty matter, soluble 
in alcohol and ether; it is obtained by the action of w'ater upon the 
alcoholic extract of elm-bark, wiiich leaves it soluble in ether. This bark 
also contains a peculiar gelatinous matter (a sjilt of pectinc?) A peculiar 
and modified extractive oozes from elm-bark, which I have above 
described under the name of nlmin, Berzelius justly inveighs against the 
application of that term to a variety of dissimilar products. 

Wintcra aromnticu or Winter aniacanella ; Winters caneUa-^bark : it 
contains an acrid volatile oil, mild resin, coloured extractive, a peculiar 
kind of extractive and of sugar, gum, starch, albumen, lignin, and several 
salts. (Henry, Petroz, and liobinet.) 

Zantlto.vi/lnm cariha*nm, (Z. chva Hercnlis») The bark of this tree 
is used in the Antilles as a febrifuge; Chevallier and Pelletier found in 
it a pc’culiar principle, w^hich they termed zantkopicrite. It is soluble in 
water, very .soluble in alcohol, insoluble in ether; it forms yellow^ silky 
crystals, and is very bitter and astringent; it has no alkaline reaction; 
animal charcoal abstracts it from its aqueous solution, and hot tilcohol 
extracts it again from the charcoal. {Jour, de Chim. Med.^ ii., 314.) 

3. Wooas. C(psalpini(t crista, Fernamhuc or Brazil’-wood, Peach- 
wood? (See p. 937.) This tree grows in Brazil, in the Isle of France, 
Jajian, and other countries: the w’ood is hard and heavy, and, though 
pale when recent, it acquires a deep-red colour by exposure. Digested 
in water, it alfonls a fine red infusion, of a sweetish flavour: the residue, 
which appears nearly black, imparts much of colour to alkaline liquors. 
With alcohol, it gives a deep-red tincture ; alkalis and soap convert its 
red cohmr to a fine purple: hence paper, tinged with Brazil-wood, is 
sometimes used ixs a test for alkalis; acids render it yellow ; alum pro- 
duces a fine crimson lake with infusion of Brazil-wood; chloride of tin 
forms with it a crimson precipitate, bordering on purple ; the salts of iron 
givtj a dingy purple colour. Sulphuretted liydrogen destroys the colour 
of infusion of . Brazil-wood, but it rc-appears on expelling the gas. 
(Chevreul, Annnles Jc Chmie, Ixvi.) 

Guaiacum officinale. Lignnm-vitre. Ilagen obtained 3 per cent, of 
resin guaiacum (p. 977? wo/c) from this WBod. From 1 ounce of rasped 
wootl Trominsdorf obtained (in different samples) from 35 to 160 gmins 
of matter soluble in alcohol, and from 45 to 90 grains of watery extract. 
When guaiacum- WBod is boiled in water a small part of the resin is dis- 
solved; the residue becomes blue by exposure to air. {Phil. TranSy 1811.) 
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Hcnmtoxylon campechianum. Logwood. (See dye-stuffs^ p. 937.) 
This wood imparts a fine purple or crimson colour to pure water, but its 
tint is altered by the slightest metallic impre^.ation; alkalis deepen it, 
and acids render it paler; alum forms with it a violet-coloured lake; 
sulphate of iron renders the infusion of logwood deep purple, or nearly 
black; sulphate of copper and acetate of lead throw down brown and 
purple precipitates; and muriate of tin precipitates the whole of the 
colouring-matter in the form of a purple compound. Many of the colours 
which logwood produces are not very durable. (Bancroft, on Pennammt 
Colours^ ii., 338. Chevreul, Annates de Chimie, Ixvi., 254.) 100 lbs. of 
logwood yield 25 lbs. of pharmaceutical extract. 

Morus tincioria. (See p. 941.) 

Pterocarpus santalinus. This tree, which affords saunders or red 
sandal-wood^ is a native of several parts of India. Its deep-red colouring- 
matter is insoluble in water, but readily soluble in alcohol; it is chiefly 
emplo 3 red for colouring a few pharmaceuticid tinctures. The insolubility 
of its colouring-principle in water, furnishes a ready mode of distinguishing 
between it and Brazil-wood; and its solubility in alcohol renders it pro- 
bable that it is of a resinous nature. (See p. 938.) 

Quassia excelsa. The w'ood of this tree, w’hich has long been used in 
medicine as a powerful bitter, has not been minutely examined; it is said 
to contain a slight trace of volatile oil, a peculiar bitter extractive 
{quassin)^ guni, lignin, and salts. The bitter extractive is much more 
soluble in common alcohol than in water. It is precipitated, according 
to Pfaff, by acetate of lead: its aqueous solution, sweetened, is a good 
fly-poison. 

Solanum dulcamara. The stalks of this plant contain, according to 
Pfaff {Mat. Med.)y 21 per cent, of a sacchiiro-bitter extract, which he 
terms Picroglycion. Its bitterness is derived from malute of solauia. 
(p. 1037.) 

Slrychnos columhina. Snakewood. It contains green fat, yellow 
extractive, gum, strychnate or igasurate of strychnia (p. 1032), and lignin. 

4. Herbs, Fungi, l^icnENs, See. Anemone pul sat ilia and nemorosn. 
The concentrated distilled water of this plant, when kept for some w*H‘ks 
in a cool place, deposits a crystalline matter, originally descrihecl by 
Ileyer, and afterwards by Vauquelin and Itobcrt. {Jour, de Phar.^ vi., 
229.) It passes over with the vapour of water, and appears at first as an 
oil, which afterw'ards concretes. Its vapour is acrid, and the suhstance* 
itself poisonous. It bums like camphor, is very sparingly soluble in 
water, and decomposed by concentrated acids and alkalis. It has been 
termed anemonin^ and anemone camphor. 

Many other plants, especially many species of ranunculu.n^ clematis.^ 
and rhus^ and the arum maculatum^ and polygonum hydropiper^ contain 
an aend principle analogous to, and by some considered identical with, 
the above. 

Artemisia ahsynthimn. Wormwood has not been examined by modem 
chemists. According to Dorffurt, dry wormwood yield h about 1 per cent. 
of volatile oil, 8.5 to 9 of green resin, 25 to 30 of gummy extract, which, 
when burned, leaves 1 1 .5 per cent, of the original iveight of the dried 
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]i(.Tb, of ashes, two< thirds of which are carbonate of potassa: hence the 
term salt of' wormwood applied to tl^t salt. According to Kunscmuller, 
the potassa in the herb is in a state of acetate. 

Agaricus^ See Braconnot's researches, already quoted, [Fungic 
and boletic acidy sugar yf ungin.) The substances found in y\\ fungi arc a 
crystalline and a butyraccous fat, albumen, sugar, two azotised bodies, 
one of wliich is only soluble in w'ater, and the other in water and alcohol, 
and salts of potassa and of ammonia, with fungic, boletic, phosphoric, and 
sometimes acetic acid, fungin (a form of lignin) and w'ater. Many con- 
tiin gum and mucilage. 

When bruised fungi are digested in water, they yield an exlracty from 
which alcohol abstracts sugar and an azotised substance, separable by a 
little alcohol, wdiich dissolves the former and leaves the latter. This 
azotised substance yields a bro^vn solution with water, which, when 
evaporated, leaves it in the form of a bro^^m extract, smelling, when 
heated, like roasted meat, evolving ammonia when distilled, and in all 
respects resembling the animal extractive called osmazome. The portion 
of the extract, insoluble in alcohol, dissolves in ivater, with tlie exception 
of a little albumen. It also dissolves in dilute alcohol : it does not 
gelatinize, and when destructively distilled, yields carbonate of ammonia. 

The insoluble portion of the fungi, wdiich remains after digestion in 
water, digested in {Jcohol, yields stearin and clain^ and a little resin. 

Chemical analysis has not thrown any light upon the poisonous nature 
of certain mushrooms. 

Asparagus officinalis. The juice of asparagusy in the state in which 
it comes to table, yields, as already stated (p. 1042), a very curious pro- 
duct, which has been termed asparagUiy it also contains a little albumen, 
wiix, and resin. The residue of the asjiaragus, w'hich contains its eatable 
part, for boiling probably abstracts the matters contained in its expressed 
juice, has not been examined ; nor have we any accurate information as 
to the cause of the singular odour which it imparts to the urine : it lias 
been said, however, that asparagin is diuretic, and gives the urine the 
same odour. 

Boletus juglandisy laricisy and pseudo fg«fnr/f/.^,.havc been examined 
by Braconnot. (Ann. de Cliim.y Ixxx., 273.) 

Bras.uca oleracca. Cabbjige. The fresh leaves yield, per cent, 0.63 
green fecula, 0,29 albumen, 0.05 resin, 2.89 gum, or mucilaginous extract, 
2.84 extract soluble both in alcohol and waiter. The saline matters are 
sulphate and nitrate of potassa, chloride of potassium, malate and phos- 
phate of lime, phosphate of magnesia, and oxides of iron and manganese. 
(Schrader.) So that, according to this analysis, the cabbage may be 
assumed to contain about 7 of soluble matter, the remainder 
being lignin and water. 

Cetraria islandica. Lichen islandicus. Iceland moss has been some- 
what minutely examined by Berzelius ; the details of his analysis are 
given ill his Lchrhuck. The result is, green w'ax 1.6, yellow colouring 
extractive bitter principle 3.0, sugar 3.6, gum 3.7, starch 44.6, 
Starchy lignin 36.2. A trace of gallic acid, tartar, tartrate of lime, and 
phosphate of lime 1.9. It has also been aualyaed by John, with the fol- 
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lowing. results: green resin 1.5, cxtractivef 10, inulin 8.0, modified inulin 
40.0, insoluble parts 37.5, saline substances 3.0. 

Cpchlearia officinalis. The extract of the expressed juice contains 
brown sweet extract, soluble in hot alcohol, and precipitable by chlorine 
and by tannin 48..3;i matter insoluble in alcohol, but precipitable by 
tannin 32.00, salts of potassa with vegetable acids 15.3. The fresh plant 
contains a sulphurous acrid oil, and sometimes nitre. 

Conium maculatum. The juice from 100 parts of fresh hemlock 
yielded green fecula 0.80, albumen 0.31, resin 0.15, gum 3.52, extrac- 
tive 2 . 73 , (Schrader.) This much resembles the cabbagCy and takes no 
account of the poisonous property of hemlock (sec Conia, p. 1030.) 
100 lbs. of fresh hemlock yield an average produce of 4 lbs. of pliar^ 
maceutical ejrlract. 

Helvella niitra. Morels contain, according to Schrader, stearin and 
elain 4.0, sugar 2.0, azotised extractive {vegetable osmazome) 29.4, 
gummy azotised extractive 5.4, albumen 1.2, bolotate and phosphate of 
ammonia and potassa 8.0, fungin 39.6, water 10.4. It is evident that 
the peculiar flavour and characters of mushrooms, and similar articles of 
food, is referable to the extractive matter containing nitrogen, and hence 
resembling an animal product, which I have above termed vegetable 
ozmazome: this substance^ deserves ftirtlier examination, especially by 
the culinary chemist. 

Hordeum vulgare. (See the results of Einhof s experiments, p. 022.) 

Hyoscyamns niger. Henbane requires to be minutely examined. 
(See hyoscyamia, p. 10370 lOOIhs. of the herb yield, upon an average, 
3 lbs. and a quarter of pharmaceutical extract, 

Jndigofera anil^ and Isatis iineforia. (See p. 943.) 

Lichen islandicns. (Sec Cetraria.) 

Melissa officinalis. Balm yields, according to Dehne, 1.1920th its 
weight of volatile oil. The infusion of balm (often drunk as Jmlm-tea)., 
contains tan, extractive, and gum. Alcohol extracts a little n'sin. 

Pisum sativum. The components of peas^ are stated at p. 922. 

Bhiis toxicodendron. The juice of the leaves of tins s])ecics, and of 
the Rhus radicans |4i vernix^ contains an acrid poison, the nature of 
which has not been accurately ascertained : it is also a substantive black 
dyCy extremely permanent ; cotton or linen imbued "with it acquiring a 
deep black by exposure : the nature of this colouring-principle Inis not 
been examined, but it seems somewhat analogous to indigo. 

5. Leavks. Aconitum napellus. The leaves of this and other species 
of monkshood.^ contain a very poisonous principle (alkaloid), which has 
already been alluded to. Its paralyzing power upon the organs of taste 
may be perceived by chewing a leaf of the plant, it produces a biting sensa- 
tion upon the tongue, and taste is impaired for hours afterw'jinls. Bucholz 
found in the fresh leaves 83.75 per cent, water : the residue, wa.shed with 
water, left 15 per cent, of woody-fibre. On heating the expressed juice, 
a green and albuminous fecula subsided, amounting, with a little wax, 
to 5.0. Alcohol abstracts from the inspissated juice of aconite a brown 
extractive, of a bitter, sourish, saline, and acrid flavour. The part inso- 
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lul)lo in alcohol yielded to whaler 3.75 of gum, and left 1.0 of mahite and 
citrate of lime. 

Arbutus nva ursi. The’ loaves of the whorth-herry are vciy rich in 
tannin, and might be much more employed than they are in tanning and 
dyeing : they might be abundantly imported from the north of Europe. 
At present they are only used in medicine as mi astringent and tonic, 
especially affecting the urinary passages. 

Atropa beUadonna. (See Atropia^ p. 1030.) 100 lbs. of the fresh herb 

yield jibout 2 lbs. 8 oz« of pharmaceutical extract. 

Cassia senna. The existence of a purgative bitter extractive in these 
leaves lias been above mentioned, (Cathartik^ p. 1045.) See also Dr. 
Tliomson’s I^ndon Dispensatory. 100 lbs. of senna-leaves, yield 50 lbs. 
of pharmaceutical extract. 

Centaurea benedicta. The dried herb yields volatile oil, chlorophyll 
and fat-oil, brown resin,* extractive, bitter principle, sugar, gum, albumen, 
ligneous matter, and various salts. (Morin, Journal de Chim. Med.y 
iii., 105.) 

Datura stramonium. The fresh leaves of the thorn-apple contain 
0.04 green fecula, 0.15 albumen, 0.12 resin, 0.60 extractive, 0.58 gum, 
0.23 difhcultly-soliible salts, 5.15 lignin, 91.25 water. (Promnitz.) See 
Datnriay p. 1037*) 100 lbs. of the fresh herb afford an average produce of 

2 lbs. 12oz. of the pharmaceutical extract. 

Digitalis purpurea. The leaves of the foxglove contain, according to 
Rein and Haase, a soft, viscid, green resin, soluble in ether ; alcohol and 
volatile oils 5.5, extractive iS.O, superoxalate of potassa 2.0, lignin 52.0, 
water 5.5, (loss 5.) The activity 'of digitalis resides, according to Haase, 
in the soft resin. (»See Digitalia, n. 1030.) 

Meuyauthes tri^oliata. From 100 parts of the fresh leaves, Tromms- 
dorff obtained 15.0 lignin ; the green expressed juice deposits, on boiling, 
0.49 fecula, from which alcohol and ether abstract 0.12 soft green rosin, 
and 0.37 albumen remains. The filtered juice yields 3.92 of extract, 
contniiiing gum, inulin, and extractive ; the extractive includes a pecidiar 
bitter principle, menyanthiu^ and an azoiised substance. 

Nicoiiaua tabacum. (See Nicotina., p. 1038.)% 

Salvia officinalis, 100 parts of fresh sage-leaves, yield extractive 
(including an azotised substance and nitrate of potassa), 2.12, gum 1.51, 
green resin 2.9, albumen 0,43, lignin 15.87, water and loss 77* 17- They 
also yield 0.1(5 per cent, of a pale-yellow volatile oil; sp. gr. 0.864; 
soluble in alcohol, but difficultly so in ether. (Ilisch.) 

7*hea bohea and viridis. (8ee Thein^ p. 1048.) 

6. Flowers. Anthemis nobilis. yield, on distUIa- 

tion, a blue or green essential oil, which becomes yellow when kept. 
HK) lbs. of the dried flowers yield, upon an average, 2 lbs. ]2ozs. of oil, 
and 3 lbs. 4oz8. of pharmaceutical extract. 

Arnica montana. Tliese flowers contain an acrid resin, to which their 
medicinal virtues arc ascribed : they also }4eld a vohitile oil, and much 

tannin, >vith some gallic acid. 

Artemisia sa^itonica. The buds of this plant are used fia a vermifuge, 

3 Y 
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under the name of Sanma cime. Their aitiTc principle appears to he on 
acrid volatile oil. 

Calendula officinalis. The marigold petals contain yellow-green soft 
resin 3.44, bitter extractive 19.13, gum 1.5, starch 1.25, mucilage 
{Calendnlin^ p. 896 ) 3.50, albumen 0.62, free mdic acid with bitter 
extractive 6.84, malate of potassa 5.45, malate of lime 1.47, chloride of 
potassium 0.66, lignin 62.5. (Tliis gives an excess = 7‘33.) The leaves 
contain the same substances, and a little nitrate of potassa. (Geiger.) 

Qfiryophillus aromaticus. Eugenia caryophillaia. Cloves are the 
calyces and buds of this plant. They contain, volatile oil 18.0, tannin 
13, extractive 4.0, tasteless resin 6.0, gum 13, lignin 28, moisture 18. 
(Trommsdorf.) By repeated distillation, Ostermeyer obtained 21.5 essen- 
tial oil ; he also obtained the oil of cloves, by expression ; it then con- 
tained a peculiar kind of wax. The average produce of essential oil, as 
obtained from repeated experiments at Apotliccaries* Hall, does not 
exceed 16 per cent. (See oil of cloves^ p. 971 •) 

Crociis sativus. From 100 parts of fine saffron^ Bouillon, Lagrange, 
and Vogel, obtained yellow volatile oil, with fat, 7-5» wax 0.5, .polychroit 
(p. 942) 65, gum 6.5, albumen 0.5, lignin 10, water 10. Saftron, as it 
occurs in trade, is often very damp, and mixed with 5 or 6 per cent, of 
sand. 

Rosa gallica. Red-rose leaves contain, according to Cartier, a red 
colouring-principle greened by alkalis, gallic acid, tannin, and albumen. 
From rose-leaves ivhich have been infused in w’ater, alcohol abstracts a 
yellow fixed, and a volatile oil. Dried rose-petals, digested in ether, 
yield oil, gallic acid, tan, and colouring-matter. When burned, their ash 
contains phosphate of potasSa and lime (a vegetable salt of lime), chloride 
of potassium, silica, and oxide of iron. 

Samhucus nigra. Elder-flowers have not been minutely examined ; 
they contain a peculiar bitter extractive, and yield, on distillation, a 
buttery oil, which gives flavour to elder-flower water. 

Ttlia europaea. The flowers of the lime-tree contain, according to Pfaff, 
a peculiar odorous principle, which passes over in distillation with water, 
but cannot be separated in the form of volatile oil; but Brossut, from v(;ry 
large quantities of the flow^ers, obtained a little highly fragrant oil, lighter 
than water ; they also contain tannin, sugar, gum, and lignin. They arc 
w-ell kno^vn to attract sw’arras of bees. When chewed, they appear very 
mucilaginous. Roux obtained from them, by the action of alcohol, a 
yellow colouring-matter. 

7« Fruits and Seeds. Amovium repens. Cardamom seeds yield 
4 per cent, of volatile oil, and 12.5 of resin : the residue consists of 
mucilage and lignin. 

Amygdalus communis. Sweet almonds contain 54 oil, 6 sugar, 
3 gum, 24 albumen, 24 insoluble ligneous matter, 5 skins, 3.5 water, a 
trace of acetic ^id and loss 0.5. (Boullay.) Bitter almonds contain 
^ ^me principles, and the peculiar matters described at p. 971. 
l^c bitter almond-cahe which remains, after the expression of the fixed 
oil, j^elds an average produce of 9 ozs. of volatile oil from the hundred- 
weight, but, much depends upon the mode of distillation. 
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Cannabis saliva, Hcmpseed contains, according to Bucholz, 19.1 
per cent, of oil : the residuary cake contains 24.7 per cent, of albumen, 
43.3 of lignin and other insoluble matters ; gum, sugar, and a trace of 
bitter extractive, constitute the residue. 

Capsicum annuum. Bucholz found in the pods of capsicum^ 7*0 
wax, 4 acrid resin, 8.6 bitter aromatic extract, 21. gum and extractive, 
9.2 gum, 3.2 albumen, 28 lignin, 12 water, loss 6.4 Braconnot terms 
the acrid soft-resin, which appears to constitute the active principle of 
this pepper, capsicin ; it fuses when heated, and a single grain vapdrized 
in an ordinary-sized room, is so diffused through the air as to cause it to 
excite coughing and sneezing. 

Cassia ^fistula. The pulp of the seed-pods of an American and of 
an African variety of this tree, yielded Henry, i., sugar 69.25, gum 2.6, 
tannin 3.9, moisture 24.25; ii. sugar 61.0, gum 6.75, tannin 13.25, water 
19.0. This pulp is medicinally used as a purgative. 

Citrus auraniium and medica. Neither oranges^ nor lemons^ have 
been subjected to any accurate examination. Dried orange-peel yields 
from 16 to 20 per cent, of an agreeable and apparently peculiar bitter 
extract. Lemon-juice contains, according to Proust, 97.51 water, 1.77 
citric acid, with bitter extract, gum, and a trace of malic acid, amounting 
together to 0.72 per cent. 

Cqffea arabica. See Caffein. (p. 1043.) 

Croton tigfium. See p. 955. 

Cucumis colocynthis. According to Meissner, the pith freed from 
seeds contains fat oil 4.2, a yellow, brittle, very bitter, resin, insoluble in 
ether, 13.2, colocyntin, (p, 1045,) 14.4, gelatinous matter 3.0, gummy 
extractive 17-6, lignin 19: the remainder being water and salts. 

Cucumis sativus. Cucumbers have been examined by John., who found 
in the peeled cucumber, green colouring-matter 0.04, sugar, with extrac- 
tive, 1.66, soluble albumen 0.13, fibres, softened l)y boiling and containing 
traces of phosphate of lime, 0.53, mucilage, free phosphoric acid, spits 
of ammonia, potasso, lime, and iron, with malic, phosphoric, sulphuric, 
and muriatic acids 0.5. Water 97.14. The peel of the cucumber 
contained the same substances, but only 85 per cent, of water, and the 
fibre resembled fungin. 

Cytisus laburnum. Sec Ct/tisin. (p. 1046, note.) 

Delphinium staphisagria. Braudes found in staves-acre sccds^ 
stearin 1.4, oil 19.1, gum 3.15, starch 2.40, an azotised extractive, inso- 
luble in alcohol, precipitable by acetate of load and b}- infusion of galls, 
with traces of various salts 30.67, delphia 8.10, (sec p. 1039,) albumen 
4.12, sulphates and phosphates of potassii, lime, and magnesia, 5, 
water 10. 

Vrngaria vesca. Strawberries have never been anaylsed. Dried in 
vacuo, over sulphuric acid, they lose about 90 per cent. According to 
Schcclc, the acid which they contain consists of equal parts of malic 
and tartaric acids. Their fragrancy passes over in distillation with 
water. 

HtnmtlHH htpnlus. See LupuUn, (p. 1046, note.) Hops yield about 

27 per cent, of pharmaceutical €.r(raci. 

Ihfiuscyamus niger. Ilcftbane-sccd contains, according to Brandcs, 

3 Y 2 
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24.2 Qil, 1.4 Stearin, a trace of sugar, 1.2 gum, 2.4 mucilage, 1.5 starcli, 
3.4 extractive, 4.5 albumen, 26. lignin, 24. water ; various salts, and a 
trace of copper? Tliey are said to contain no narcotic principle. 

Jnghfis regia. The outer green husk of the unripe ivalnut contains 
resinous green matter, tannin, extractive, starch, citric and malic acid, 
oxalate and phosphate of lime, lignin; and in the ash, potassa, and 
oxide of iron. The expressed juice is at first colourless, but becomes 
bro\^Ti bj exposure : it forms a good dye-stuff. 

Juniperus communis. Juniper-berries contain a volatile oil and 
sugar ; the former is most abundant in the berries just at their period of 
ripening ; when they are quite ripe and black, it has chiefly passed into 
resin. The sugar is most plentiful in the deep blue berries, and is partly 
decomposed when they blacken and dry. TronimsdorflF found in the ripe 
berries, volatile oil (sp. gr. 0.853) 1.0, brittle wax, soluble in liot alcohol, 
ether, and caustic potassa, 4.0, tasteless and inodorous resin 10.0, a 
peculiar kind of sugar 33.8, gum 7-0, lignin 35.0. The produce of 
essential oil, from the German berries, as ascertained by repeated distil- 
lations at Apothecaries* Hall, amounts upon an average to from 9 to 10 
ounces from the 100 lbs., and from the Italian berries to 7 ounces. 

Laurus nohilis^ Laurel-berries have been examined )»y llonastre : 
he^ found volatile oil 0.8, a crystallizablc substance, which he calls laurin, 
0.5, grease and fat oil 9.9, soft re.‘ in 0.8, starch 1 2.95, gum 8.6, mucilage 
3.2, sugar 0.2, lignin 9.4, water 3.2. They also contain a free acid. , 

Menispermum cocculus. See Picrotoxia^ (p. 1038.) 

Momordica elaierium. (See Elatin.) Of the pharmaceutical product, 
termed elaierium^ about 1 lb. 8oz. is obtiiined from 100 bushels of the 
gourds. 

M^risiica ?noscliata. Nutmegs contain, according to Bonastre, fat 
oil, (p.^957,) 31.6, volatile oil 6.0, starch 2.4, gum 1.2, free acid 0.8, 
lignin 54, (loss 4.) The usual produce in volatile oily in the distillations 
at Apothecaries Hall, is 4.5 per cent. 

Myrt us pimenta. Allspice has been examined by Bonastre ; lie analysed 
the outer shell and the kcniel, with the follow ing results ; — 


Volatile"' oil . 

Green soft resin 
Concrete fixed oil , 
Tannin and extractive 
Gum .... 
Brown gelatinous matter . 
Resinous substance 
Saccharine extract . 

IVlalic and gallic acids . 
Lignin .... 
SaUnc ash . 

Moisture 

I-oss .... 


IlMuks. 

10.0 


5.0 

8.0 


2.5 

0.9 


.3.2 

11 4 


39.8 

3.0 


7.2 

4.0 


3.8 

1.2 


1.2 

3.0 


8.0 

0.0 


1.0 

50.0 


10.0 

2.8 


1.0 

3.5 


3.0 

2.2 


8.0 


Oryza saliva. Carolina rice contains, fixed oil 0.13, sugar 0.29, 
^ 0.71, starch ^.07, gluten 3.60, Ugnin 4.8, water 5. Piedmonlese 
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Piper cuheha, Cubehs yield, on distillation with water, about 10.5 
per cent* of volatile oil. 

Piper nigrum. The acrimdny of black pepper resides in a soft resin 
or balsam, and in volatile oil. See also Piperin^ p. 1041. 

Pisum sativum. Peas. See p. 922. 

Prunus cerasusy &c. The analysis of cherries, plums, peaches, and 
apricots, is given at p. 877* 

Pyrus communis and malus. Pears and apples have been examined 
by Berard, but there are many interesting points respecting them which 
remain unnoticed, such especially as the rapid change which some of them 
undergo by the action of oxygen, when they are cut and exposed to air, 
and during which, sugar appears to be formed; he also does not notice 
pectin or pectic acid, though perhaps it may be formed, as in apple jelly ^ 
by the action of heat upon their finely-divided lignin ; he also overlooks 
tannin or gallic acid contained in many of those fruits, rendered evident 
by the blackening of the knives with which they are peeled. The fol- 
lowing are the results which he obtained from Beurre pearSy examined in 
three states, namely, i. ripe and fresh; ii. kept till mellow; iii. kept till 
brown or beginning to rot, and having lost 23.15 per cent, of water, &c. 



I. 

11. 

III. 

llesilioiis green colouring-matter 

0.08 

. . 0.01 

. . 0.04 

Sugar ..... 

8.45 

. . 11.52 

- . 8.77 

Gum 

3.17 

. . 2.07 

. . 2.82 

Lignin 

3.80 

. . 2.19 

. . 1.85 

Albumen ..... 

0.08 

. . 0.21 

. . 0.23 

Malic acid .... 

0.11 

. . 0.08 

. . o.ei 

Lime 

0.03 

. . 0.04 

, . trace 

Water ...... 

88.28 

. . 83.88 

. . 62.72 


Apples contain the same ingredients as pears, but in somewhat dif- 
ferent proportions, but the cause of Jiavoury and the aroma of these fruits, 
depends upon some volatile principle probably, wiiich analysis has not 
detected. 

Punica granatum. The rind of the pomegranate is used medicinally as 
an astringent: it contains, tannin 27-8, resin 0.9, extractive 32.8, gum 34.2, 
loss 5.1. (Reuss.) No lignin is here mentioned, so that the above are 
probably the soluble constituents only. 

Ribes grossularia. Gooseberries have been analyzed by Berard, with 


the following results. 

I’nrijM*. Ril^e. 

UcMsiuous green colouring-matter . 0.03 . . 

Sugar ..... 0.52 . . 0.24 

Gum 1.30 . . 0.78 

Albumen 1.07 . . 0.80 

lifalic acid 1.80 . . 2.41 

Citric acid .... 0.12 . . 0.31 

liimo ...... 0.24 • . 0.29 

liignin, including the seeds . 8.45 . . 8.01 

Water 80.41 . . 81.10 


Ricinus communis. Tliis seed, which affords castor otV (p. 954),. has 
been analysed by Geiger; it yielded 69.09 kernel, and 23.82 husk: this 
quantity of husk or shell yielded, resin and bitter extract 1.&1, gum 1.91, 
lignin 20.0. The kernel (09.00 parts) afforded, fixed oil 46.19, gum 2.40, 
albumen 0.5, stiuch with lignin 20, water 7-09. 
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Secal / analysis of rye is given above, p. 922. 
o f \ ergot rye, 'which appears to possess such 

erfmn in promoting the natural contractions of the uterus 

inS^K h by Vauquelin and by Pettenkofer, but 

their no light upon its medical virtues. It yields a deep 

broum t* dilute alcohol, which on evaporation leaves 18-72 per 

cent -of tincture, deprived of wax, affords 

a brown bitter and sour extractive, which becomes moist in 

air; after some days small cubic crystals form m it, which Petten- 
Kofer suspects to be a salt of morphia, but of this there is no evidence. 
Water takes up a brovn bitter extractive from the residue of the ergot 
insoluble in alcohol. The extraordinary medicinal peculiarities of ergot 
render an accurate chemical examination of it extremely desirable. 
Strychnos nux vomica^ <5'C. See Strychnia^ p. 1032. 

Tamarindus indica. The pulp of this fruit contains, according to 
Vauquelin, 12.5 sugar, 4.7 gum, 0.2 jelly, 0.4 malic acid, 9.4 citric acid, 
1.5 tartaric acid, 3.2 bitartrate of potassa, 30 ligneous matter, 30 water. 
Scheele asserts that the wkole of the acid in tamarinds is the tartaric 
acid. 


Triticum hibernum. Tlie composition of wheat is given at p. 922. 
Fills vinifera. The juice of sour grapes only contains tartaric acid. 
The juice of the ripe grape contains odorous matter, sugar (p. 900), gum, 
albumen, a trace of malic acid and malate of lime, free tartaric acid, tartrate 
of lime, and bitartrate of potassa, (also racemic acid {) 

Zea mats. According to Gorham, maize, or Indian wlieat, contains 
starch 77> 3, albumen 2.5, sugar 1.45, cxtnictive 0.80, gum 1.75, 

sulphate and phosphate of lime 1 .5, lignin 3, water 9. According to 
Bizio, zein contains nitrogen as an ultimate element: Gorham regards it 
as a gluten without nitrogen. 


§ XXL PHENOMENA AND PRODUCTS OF VINOUS 
FERMENTATION. ALCOHOL. 

m 

The term fermentation is employed to signify the spontaneous changes 
w'hich certain vegetable solutions undergo, placed under certain circum- 
stances, and which terminate either in the production of an intoxicating 
liquor, or of vinegar; the former termination constituting vinous^ the 
latter acetous fermentation. 

The principal substance concerned in vinous fermentation is sugar; 
and no vegetable juice can lie made to undergo the process, which does 
not, either originally contain it, or some other principle, such us starch 
or starch-gum, capable of being converted into sugar. In the production 
of beer^ the sugar is derived from the ntali; in that of wincy from the 
juice of the grape. 

The change which barley suffers in the operation of malting has 
been already stated (p. 910), and in a number of other processes, starch 
passes through similar changes, first becoming gnm, and then sugar; juid 
to effect these changes it is only necessary that a portion of sugfur should 
be present, which, when it begins to ferment, leads to the successive 
conversion of the remaining unchanged starch into sugar. Tlius it is, 
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that a small addition of malt to a large proportion of unmalted grain, forms 
a mixture, which, placed under the requisite conditions, tends to vinous 
fermentation; and that any 'variety of starch may be rendered applicable 
to the process, by the addition of any of the ordinary forms of sugar: 
among common vegetables applicable to this purpose, the potato stands, 
pre-eminent, the cause of which will be obvious by reference to its 
analyses, given in the Table at p. 922. 

But a solution of pure sugar is not alone susceptible of vinous fer- 
mentation, and although a mixture of common sugar, and especially of 
raw sugar and water, will often ferment sluggishly, this arises from what 
may be termed impurities in the sugar. 

The substance which, of all others, tends in these cases to induce 
fermentation, is some form or other of vegetable gluten (p. 915), conse- 
quently of an azotised or nitrogeniferous substance, for other analogous 
compounds, and even animal products^ may be resorted to. But before 
gluten is fit for this purpose, it must itself have undergone some change, 
for which the contact of oxygen is apparently required, and of all the 
forms of modified gluten applicable to the purpose, yeasty or, as it is 
sometimes termed,^m«e/i/, is the most so. 

Yeast is the substance which collects, as a scum, and sediment, during 
the vinous fermentation of warty and is derived from the albumino- 
glutiiious parts of the grain : it is generally used in a moist state, but, for 
convenience, it is sometimes partially dried by pressure and exposure to a 
gentle lieat; in its moist state it soon runs into putrefactive fermentation at 
common temperatures, iibsorbing oxygen, evolving carbonic acid, acquiring 
a fetid odour, and becoming sour from the formation of acetic acid. 
Subjected to destructive distillation it yields some ammoniacal products. 
Perfect desiccation, long exposure to a boiling heaf, the action of alcohol, 
acids, and salts, render yeast ineffective. The nature of the action of the 
yeast upon the saccharine matter lias not been accurately ascertained; 
but the changes which the latter undergoes during fermentation, have 
been s^itisfactorily explained; these we shall recur to, when the nature of 
alcoholy which is the ultimate result, has been examined. 

Beeu. In the nijuiufacture of beery the malt is ground and infused 
in tli(‘ mash-tuuy in rather more than its bulk of water, of the tempera- 
liinr of 1()()° or 180®. At a higher temperature the mixture would setj 
as it is termed; that is, it would become an intractable gelatinous mass, 
not easily dissolved in, or even diffused through, the mass of water. In 
the mash-tun the malt is exhausted by the successive applications of fresh 
jxirtions of water, and by frequent agitation, which is either effected by 
paddles or by mtichincry-power. The nature of this process, and of the 
manner in which it is perfonnod in our large breweries, can pnly be 
adverted to here; they must be visited, to form a just conception of 
the ingenuity of the machinery, and the enormous magnitude of the 
operations there conducted. 

The mixed infusions, as they run from the mash-tun, arc called 
wort ; its principal contents are saccharine-mattery starchy mucilagey 
and a small quiuitity of gluten. The strength of the wort is adjusted 
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by its specjA'c gravity^ which is usuulh by :»n iustnimont not 

quite correcUy called a saccharoMeier^ since it is iiitiueiicCHi hy all the 
PI contents of the wort, and not hy the sugar i aly. It 
e ^ a brass instrunient, resenabling^ thc common hydronietor, 
of the shape shown in the maigin, and so adjusted 
‘ in weight as to sink to the point marked 0^, in distilled 

K water, at the temperature of 70 ®> and when immersed in a 

250 I temperature, and of the specific gmvity 

of l.lOO, it is buoyed up to the mark 100, just alM)ve 
* the bulb. The intermediate spiice is divided into 100 

« equal parts, and, consequently, will indicate intonnediatc 

degrees of specific gravity. Tliis is tlie most usciul form 
^ of the instrument, though not that in common use. 

2 Brewers employ complicated and often uniueaiiing terms 

to designate the strength of their worts, luid speak of tin; 
proportion of saccharine^ per barrel^ &c. A rcftniii in 
this dt'partment of their husint‘ss, hy the introduction of 
u new instrument, and of tables showing the quantity of 
solid matter in worts of given density, and expressed in 
reference to specific gravity only, would he desirahic*. 

The specific gravity of the wort for ale is usually about 
1.090 to l.KK), and for tahle-bcer from 1.020 to 1.030. 
Those w’ho are curious in the history of a/c and porter^ 
will find the various additions which arc said to Ikj 
made to those liquors prescribed in various “Treatises 
on Brewing.** Porter derives it.s peculiarities from higk^ 
dried mult, a certain proportion of which is used in the 
w'ort ; it is also coloured with parched malt, or other colouring- 
materials. As issued from the large breweries, it is a genuine and 
excellent liquor, but it is sadly adulterated and deteriorated by the pub- 
licans. In Kussia, a beverage is made as a substitute for beer, which 
is called quaas: 9 parts of rye-meal, and 1 of uiidried ryc-inalt are made 
into a paste w'ith water, and left for some days in a warm place, when 
the mass becomes quite sweet ; a wort is then prepared from it, which 
is run ofi* into casks, where, by the addition of a little yeast, it is brought 
into slow fermentation: when this terminates it is ready for use. 
(Berzelius.) 

The wort is next boiled with Aopjr (see p. 1046, no/e), amounting, upon 
the average, to one-twentieth the weight of the malt, their use being to cover 
the sweetness of the liquor by their aromatic bitter, and to diminish its 
tendency to acidify. Tlie liquor is then generally thrown into large, but 
veiy shallow, vessels, or coolers^ or by other contrivances, is cooled to 
about 50®, as quickly as possible; it is then suffered to run into the 
fermenjing-vat^ having been previously mixed with a proper quantity of 
yeorf, the use of which has been above stated. 

In the fcrment^g-vcssel, the different substances held in solution in 
the liquor begin to act upon each other; an intestine motion ensues, the 
tfnnperalure of the liquor increases, carbonic acid escapes in largo quan- 
itics at length this evolution of gas ceases, the liquor becomes quiet 
an< c ear, and it has now lost much of its sweetness, has diminished in 
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specific gravity, acquired a new flaTOtti^ and became itUaancaitng from the 
presence of ahfkfil* 

Wash. Hie distillers prepare a liquor, called wash^ for the express 
purpose of producing from it ardent spirits; instead of brewing this from 
pure malt, they chiefly employ raw grain, mixed with a small quantity 
only of malted grain; the water employed in the mash-tun is of a lower 
temperature than that requisite in brewing, and the mashing longer 
continued; by which the starch of the b.irley is rendered into gum and 
sacebdrine matter. The wort is afterwaids fermented with yeast*. 

Wine. fFi/ie, properly so called, is exclusively derived from the juice 
of the grape. The principal substances held in solution in grape-juice 
are sugar^ gum^ gluteuj aad btiarlraie of j)oia&6af. It easily ferments 

• All the oi>eiations of our distilleries prrently not unattamabk ; tbe one is, 
would be hUM eptible ot mhniu iinpro\e- tliat the matenals employed as hourcc»s 
ineiit an <dteiatiou m tlie excise-laws : , of spiiit, and the mode of c mductiii^ the 
a*! these at piesiiit stand, the diit> is operations of the dist Iler\, ftliould be, 
< haloid liuiii cakulitions, 1 . On the sts far as possible, eutiiel} uusliafaled; 
(piaiitit^ »iid den*iit^ of ihtuash; 2. On 1 the other (a lUKOssaivconseipiciice), that 
the (puintity and density, or stiength ot the duty should be levied upon the ulit- 
the low tottiesy oi fii st products of distilla- I mate product at the ^eorm-end, oi , in other 
turn, 3 . Upon the quantity and strength . v^oi^ui^n the quantity of aUoluf*^atc<dioi 
ofiUvApinty oi, motlu i wohU, of the a/- j octualh pioduc^, and tha+ the cLiigc 
«o/io/ actually pi educed it is presuiiicHl, should be made m lefercncc to that 
111 1 efiu eiu e to the u a^hy that the alcohol alone 
which it imII ailoid b\ fei mentation will 

be diiecth as its detuity (without lefei- | -f* A \ei> cuiious modification of tai- 

ciice to the nature ot the inattir which taiic acid has been discovered b} Mi. 
it hold*! Ill solution). In the low viinc**, Ka*stiier, of lhauu, and examined by 
and ill the spints, the projK)i tion of al- Ga> Luss,ic, Walchnei, and Bcrztlius, 
lohcd is iiivei’sclv .ifl the density, and (Ann, de Chim ct , xlvi , 123 ,) who 
the duty is chained in contoimity v>ith terms it paratartanc acid, it has iK^tii 
i'Xpciiiiieiits ii[>ou the composition ot called raccmic acic/, and supposed to bo 
mixtiii es ot alcohol and v\ atoi of difterent pee ulior to cei tain graiiC'*. 1 his ac id is 
densities. 1 sav nothing lieie of the less soluble than taitaric acid, and its 
mode ot judging of the v ulue of the w oi t ci ) stals instead of ooc, include itt o atoms 
by its attenuation dui mg temieiitation, ot w atcT, one of which is giv en oil at 212% 
nor of tlie fallacies to which the difleient and the other, when it unite's with bases, 
opeiutioiis uie liable, and 1 am well It is obtained bj ncutndiziug the tai tar 
aware of the daiigcu and diihcultic's ot viliich contains it with soda, and sepa* 
incsldling vMth so important a branch of rating the double tarhate of soda and 
tliu revenue; but 1 thmk it iiiqiossible potassa by ervstalli/atioii; the double 
for any scientific person to visit our mcemalc lemoins m the mother-hquor, 
diHtilleiies without at once seeing much wliicli, hlteicd through auunal charcoal, 
that IS susceptible of safe aud eflectual and dc'composcd by a solution of acetate 
altc'ration ; oi to peruse the multitudinous of lead, j ields a mixed tartrate and race^ 
documents, and the ev idcmcc w Inch h«is tna/cq/'/ifai/; these, diffused through water 
been brought before the Cominibsioners* and dc'composed by sulphuretted hydro- 
of iioveiiiio liiquir> and before Poiha- gen, tumish a solution of racemic and 
ineiiiaiy Committees, healing dll ectl> oi tartanc ooids, from which tlie foimor 
iiidiiectl> iqwii this subject, without an may lie perftjctly bcquiatcHl by cijstal- 
anxious wish that some leiiicsly should hzation, wlulst the latter remains m the 
be found foi the c\ils whuh nro theio mother-liquor. Anhydrous racemuf aeui 
set foilh. In i ver) point of view, two is uqireseiitcsi by (4 car + 2 4 -f 5 o) =s 
tluiigs seem highly desuable, and axi- and the tiysfaWuifcd b> (riic'+ 2 9) 
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spontaneously at temperatures between 60^ and 80^, and the phenomena 
it gives rise to closely resemble those of the wort with jreast *. After 
the operation, its specific gravity is much diminished, its flavour changed, 
and it has acquired intoxicating powers, from the cause before mentioned, 
namely, the formation of alcohol. 

liquors, under the name of tvine^ are frequently made from currants^ 
gooseberries^ and other fruits, and when very carefully prepared they are 
not only palatable but excellent. But it is seldom tliat the requisite 
attention is paid to their manufacture, (see Macculloch on Wines,) and 
they derive at all times a peculiarity from the presence of malic and citric 
acids, which are retained in solution; whereas, in gmpc-juicc, the acid is 
chiefly in tartar^ which is precipitated in proportion as sUcohol is formed, 
and not retained in any quantity, especially in old wines. Made wines^ 
as they are termed, are generally very strong, in consequence of the 
quantity of sugar which is used in their production ; a considerable 
proportion of brandy is also often added to them, to prevent secondary 
fermentation. Perry and cyder are the fermented juices of pears 
and apples^ and vary in flavour, strength, and quality, according to the 
quality of the fruit, and the extent to which the fermentation is carried. 
Mead is a vinous liquor made by dissolving 1 part of honey in 2 and 
two-thirds of boiling- water, and adding spices, such as cloves, nutmegs, &c., 
and a portion of ground malt, and piece of toasted bread dipped in yeast, 
and siiflering the whole to ferment; the Scandinavian mead, according to 
Berzelius, was flavoured with primrose-blossoms. 


The changes of the 
various substances con- 
cerned in fermentation, 
can only be fully ex- 
plained and understood, 
when the nature of alco- 
hol has been examined, 
but an instructive expe- 
riment in reference to 
this may be made hy in- 
troducing a mixture of 
1 part of sugar, 4 or 5 of 



* A question naturally suggests itself 
here, why the juice of the grape does not 
ferment in the fruit itself? We know 
that ripe grapes, even cut from the vine, 
exhibit no such tendency; they dry up 
and shrivel, becoming ultimately rauins, 
but never fermenting, so long as the skin 
Is entire. It was once supped that this 
arose from the ^/taen or ferment being in 
distinct vesicles or cells from those con- 
taining the sa&sharine Juice^ and that con- 
sequently no fermentation could ensue 
till the fruit was mashed or broken so as 
to mix these ingredients. But Gay Lus- 
sac found that when grapes were bruised, 


carefully excluded from atV, no change en- 
sued; blit that even a momentary expo- 
sure of the pulp to air or oxygen, wns 
enough to communicate to it the i>owor 
of fermentation. This seems to arise 
from some recondite action of oxygen on 
the glutinous principle of the graiK*, by 
absorbing which it acquires the projier- 
ties belonging to yeast. It is curious how 
perfectly the exclusion of atr is provided 
for by the natural texture of the grape, 
which does not allow its ingress, although 
it admits of the transpiration of aqueom 
vapour^ as is shown by the spontaneous 
desiccation of the berry. 
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uvater, and a small quantity of yeast, into the bottle a, represented in 
the annexed cut (fig. 251) ; this mixtjore gircs rise to the same products as 
wort or grape-juice : a bent tube issues from the bottle, passing under the 
inverted jar placed in the water-trough 5. It will now be found, that 
all that is requisite to induce fermentation, and the consequent production 
of alcohol from the above materials, is to subject them to a due temperature, 
say between 70 ° and 80°; they then soon begin to act upon each other, 
and the principal points to be noticed are, 1. that carbonic acid is evolved 
(without the contact of oxygen or of the external air); 2. that the sugar 
gradmdly disappears; and, 3. that alcohol is gradually formed. Now the 
inference which we should at once draw from this experiment, and it is 
not an incorrect one, is, that sugar, minus carbonic acid, produces alcohol, 
for as we shall afterwards find, we have no cvideifbe of the decomposition 
of water in the process, or of any other source of oxygen than the sugar 
itself, and it alone can yield the carbon. I have, for the present, put the 
taction of the yeast out of the question, for w'e shall find it not essential to 
the theory of the process. The alcohol remains almost entirely in the 
receiver, in combination with the water, and any other matters that may 
have accidentally been present; a little, and but a little of it, passes off 
along with the carbonic acid gas, and this, together with other considera- 
tions, renders it advisable in all cases to caiTy on fermentation with as 
little access of air as possible, and to allow of the escape of the carbonic 
acid by a comparatively small vent, and even in some cases to pass it into 
cold water, w ith a view of collecting, if not the alcohol, the arotna, which 
may sometimes be serviceably applied. 


Brandy, See, When wine, or any of the above-mentioned fermented 
liquors are distilled, they afford a spirituous liquor; that from wine is 
termed brandif; from the fermented juice of the sugar-cane we obtain 
rum; and from wash, 7nalt spirit; and these spirituous liquors, by re- 
distillation, furnish spirit of wine, ardcfU spirit, or alcohol*. 

The different fennented liquors famish very different proportions of 
alcohol, and it has been sometimes supposed that it does not pre-exist to 
the amount in which it is obtained by distillation (Fabbroni, Ann. de Chim., 
XXX.): but some experiments which I made upon the subject, in 1811 
and 1813, (printed in the Phil, Trans, for those years,) tend to show that 
it is a real educt, and not formed by the action of heat upon the elements 
existing in the feriucnted liquor t. 


* • I aiu obliged hero, for want of space, 
to omit all details respecting the pro- 
duction of brandy and other spirits, the 
forms of stills, and the operations of the 
rectifier. 

f I regret that in the experiments, the 
results of wliich arc contained in the 
table in the text, I did not throughout 
detoniiino the specific gravity of the 
wine before as well as after distillation, 
and that the other coatcuts of the wine 
wci*o not accurately ascertained, for, al- 
though those points were made out in 


some cases, they were not accurately 
attended to throughout. The following 
ore two of these results: 

1. Cave Wine. 

Sp. gr. before distillation - .9824 
Ditto after ditto - • .9742 

Alcohol - - - 23.61 

2. SllEKUT. 

Sp. gr. brfore distillation - .9879 
Ditto after ditto - - .9762 

Alcohol per cent. • - - 21.34 
See also the tables of the strength of 
wines in Dr. Henderson's work. 
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The following Table exhibits the 
.825 at 60°, by measure, existing in 
and other liquors: 


Pro|)oition of Spiiit 
per cent by Mmsute 


1. Lissa - - . 



26.47 

Ditto 


. 

24.35 

Average 



25.41 

2. Baisin wine - 


- 

26.40 

Ditto - - - 



25.77 

Ditto 


. 

23.20 

Average 



25.12 

3. Marsala - 



26.03 

Ditto - - - 



25.05 

Average 



25.00 

4. Port - - - 



25.83 

Ditto 



24.20 

Ditto - - - 



23.71 

Ditto 



23.30 

Ditto - - - 



22.30 

Ditto 



2140 

Ditto - - - 



10.00 

Average 



22.96 

5. ^fadcira 



24.42 

Ditto 



23.03 

Ditto (Sorcial) 



21.40 

Ditto 



10.24 

Average 



22.27 

6. Currant wine • 



20.55 

7. Sherry 



19.81 

Ditto . 



10.83 

Ditto - . - 



18.70 

Ditto - 



18.25 

Average 



19.17 

8. Teneriffe 



19 70 

9. Colares 



10.75 

10. Lachrynia Cliristi 



19.70 

11. Constantia, ^liite 



19.75 

12. Ditto, red 



18 02 

13. Lisbon 



18.94 

14. Malaga • 



18.94 

15. Bucellas 



18.40 

10. Red Madeira - 



22.30 

Ditto - - - 



18.40 

Average 



20.35 

!?• Cape Muschat 



18.25 

18. Cape Madeira 



22.04 

Ditto - 



20.50 

Ditto 



18.1b 

Average 

- ■ 


20.51 

10. Grape wine 



18.11 

20. Calcavclla 



19.20 

Ditto - 



18.10 

Average 



18.65 

21 Vidonia 



19.25 

22. Alba Flora - 



17.26 

23. Malaga 



17.26 

24. 'White Uermitage 



17.43 

25. llousilloji - 



10.00 

Ditto - 



17.26 

Average 



18.13 


proportion of alcohol, specific gravity 
100 parts of several kinds of wine 


Piopurtion of '<p»nt 
pci itHt by Moubinc 


26. Claret - 


- 

17.11 

Ditto - - - 



18.32 

Ditto 


. 

14.08 

Ditto - - - 



12.91 

Average 



15.10 

27. Zantc 



17.05 

28. Malmsey I^Iodeii'a 



16.40 

29. Lunel 



15.52 

30. Shei-aaz 



15.52 

31. Syracuse 



15.28 

32. Sautenie 



14.22 

33. Burgundy - 



16.60 

Ditto 



15.22 

Ditto - . - 



14.53 

Ditto 



11.95 

Average 



14.57 

34. ITock . 



14.37 

I>itto - - - 



13.00 

Ditto (old in cask) 



8.88 

A\erage 



12 08 

35 Nice 



14.63 

36. Barsac 



13.86 

37. Tent - 



13.30 . 

38. Champagne (still) 



i:i.80 

Ditto (sparkling) 



12.80 

Ditto (red) - 



12.56 

Ditto (ditto) - 



11.30 

Average 



12.61 

39 Rod Ilemiitage 



12.32 

40 Vin de Grave 



13.94 

Ditto 



12.iU) 

Aseiage 



13.37 

41. Frontignac (Rivesalte) 


12.70 

42. Cflte Jtfitio - 

- 


12.:i2 

43. (Joospbprry wino 

- 


11.84 

44. Orange wine avoi’nge of six 

samples made by a London 

manufacturer - 



11.26 

45. Tokay - 

. 

- 

9.88 

46. l*3der wine 

. 


8.79 

47. Cider, highest average 

• 

0.87 

Ditto, lowest ditto 

- 


5.21 

48. Perry, average of 4 samples 

7.26 

49. Mead 

• 


7.32 

50. Ale (Biirton) - 

- 

- 

8.88 

Ditto (Edinburgh) 

- 


8.20 

Ditto (Dorchester) 

- 

- 

5.56 

Average 

- 


8.87 

51. Brown Stout - 

- 

- 

6.80 

52. London Porter (average) 


4.20 

53. Ditto Small Beer (ditto) 


1.28 

54. Brandy 

- 


63.30 

55. Rum 

- 

• 

53.68 

56. Gin - • - 

• 


67.60 

57. Scotch Whiskey 

. 

• 

54.32 

58. Irish ditto - 

• 


53.00 
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The wines employed in the experiments upon which the preceding 
table is founded, were selected with all possible caution as to purity and 
quality; a given measure of each (saturated, when necessary, with lime 
or potassa) was carefully distilled nearly to dryness, and the bulk of the 
distilled product was exactly made equal to that of the original wine by 
the addition of distilled water. After twenty-four hours its specific gra- 
vity was determined, and thence the quantity of alcohol, by reference to 
Gilpin s tables. The management of this and similar distillations is well 
described by Mr. Faraday. {Manip.) 

The change which wine undergoes in the cask^ is sometimes connected 
with a continuance of the fermentation, during which it deposits tartar 
in combination with a peculiar glutiniferous extractive and colouring- 
matter, the terms red and white tartar being applied to its varieties : the 
solvent power of the wine over tartar diminishes in proportion to the 
alcohol which it contains, so that the strongest wines are always in this 
respect the least acid In bottles the same changes continue as in the 
cask, but they are extremely slow and imperfect ; the wine, however, 
(hqiosits its crust of glutinous extractive and tartar ; and it is not 
uncommon to find in many wines, which have been long in bottle, crj’stals 
of tartar, and also of bitartrate of lime, the proportion of all which 
varies in different wines, and in the same wine .according to the time 
which it had previously been kept in the '‘ask Another character of 
wine which is also much influenced by its age in bottle, is that refined 
and di licat(' flavour and odour, termed botfcptel^ or perfume, and upon 
which so much of the excellence and consequent value of some kinds of 
w inc depends. This quality seems sometimes to depend upon the pro- 
duction of a species of volatile oil, and in others, upon the formation of 
something ethereal, but it is so fleeting and destructible, that we have 
nothing but surmise to offer upon that subject. There is no apparent 
limit to the time for wdiich some wines may be kept not only in a perfect, 
but apparently in an improving state, in bottle; such especially are 
madcira and sherry. ^lany of the red wdnes go on for a time improving, 
in consequence of the deposition of extractive, tannin, and tartar ; they 
then deteriorate, losing colour .and fl.ivour* this is the cJise with port. 
The aroma or bouciuet of claret is much improved, up to a certain point, 
and is then apt gradually to decline ; yet, the deposit from that wane, or 
the .apparent change which it suffers in bottle, is remarkably small: 1 
have seen it after twenty-five years to have deposited nothing more than 
a thin transparent film of colouring extractive, nearly equal on the 
whole of the interior of the bottle, together wdth a slight sediment of 
the bitartrales of lime and potassa. Some of the rich sweet wdnes 
acquire a flavour slightly resembling that of acetic ether after remaining 
many years in bottle, and during this change they become less and less 
sacclnu’ine. 

The effervescent wines are bottled before the fermentation, as relating 
to the formation of carbonic acid, is complete ; the consequence is, that 


• In cask, too, the wine is changed by 
evaporation, and tlio pores of the wood 
seem to admit of the (lassage of aqueous 
va][>oiir, wliilst, ns is the cose with blad- 


der, they oppose the transpiration of 
alcchoRo vapour, so that whilst wine in 
the wood, diminishes in bulk, it probably 
increases in strength. 
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that gas continues to be formed, and is necessarily retained by and com- 
pressed in the wine. Some of these nines are liable to become wpt^; the 
glutinous part of the juice not having been entirely decomposed, in 
consequence of the inconipleto fermentation, separates in the form of a 
viscid matter, not unlike white of egg. Pure tannic acid, prepared 
according to Pelouze’s method, (see p. 927,) is said by Dumas to prevent 
this effect; or even the addition of powdered galls, to the wine before 
bottling. 

The ro/o//r of wines arises, from various causes. ji?ed w’i«e.v derive 
their colour from the purple husk or skin of the grape, the colouring- 
matter of which becomes soluble in proportion as alcohol is developed, 
and is reddened by the acid of the juice : tannin is derived from the 
same source, and perhaps sometimes from the seeds ; this gives to red 
wines their astringency and action on the salts of iroiL ISorae while 
tvines^ Sauteme, and Bursae especially, and I think some of the Rhenish 
wines, become brown or even blackish, after a few hours exposuiK> to 
air, which arises either from the presence of some modification of tannin, 
or from their containing together with that principle, a trace of some 
protosalt of iron, i»vhich, by the action of the air, becomes peroxidized, 
and gives the colour. The yellow or brown colour of what arc called 
white wines^ arises from extractive matter; it is also frequently arti- 
ficial, and the greater part of brown sherry is tinted by burned sugar. 
The colour of red wines is also often communicated by various additipns, 
respecting which, and the means of detecting them, some details will bo 
found in Berzelius’s Chemistry, (iii. 949, Wohler’s edition.) 

Alcohol. This term, >vhich is of Arabic origin, is applied to the 
intoxicating principle of vinous and spirituous liquors, a fragrant limpid 
liquid, the properties of which we shall proceed to examine. I’he 
liistory of alcohol is obscure, but its discovery is generally attributed to 
Raymond Lully, or to Arnold of Villa Nova, or Villeneuve, a chemist who 
resided at Montpellier, in 1300; but inasmuch as the h^gyptians seem to 
have derived their chemical knowledge from the Oriental nations, and as 
we know that distillation was practised by them at a very remote period, 
it is more than probable, that alcohol was amongst tlicir numerous 
discoveries. 

The spirit of wine of commerce, is alcohol diluted by a variable pro- 
portion of water, and generally containing traces of a peculiar volatile 

formed apparently during fermentation, and obstinately retained by 
the spirit. It is from this source that we obtain ptire or anhydrous^ or 
as it is often eddied, absolute aleohol; for this purpose various methods arc 
pursued, among which the following arc preferable. 

Put some pure lime, which has been well burned, into an alembic or 
retort, and pour upon it whilst yet wrarm, its weight of spirit of wdne, 
leaving the mixture for 24 hours, and then proceeding to distil it slowly 
at a temperature below 212^. The first portions which pass over iwe 
pure alcohol^ the last portions, es]:»ecially if the spirit was not very strong, 
are apt to contain water, and should therefore be kept np!irt. The 
alcohol may be regarded as anhydrous, when its specific gravity is not 
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diminished by a repetition of the distillation. (Oay Lussoe, Ann, de CAtm., 
Ixxxvi., 175 , xcv., 311. Ann. de Chim. ct Phys.^ ii., 130.) Acetate, 
tartrate, or carbonate of potassa are sometimes used to deprive alcohol 
of water, but they are not so effective as lime. When carbonate of 
potassa is used, it should be added warm to the spirit, and the mixture 
well stirred or shaken ; such quantity is requisite as to leave a small 
portion of the salt undissolyed: upon standing at rest, the mixture soon 
separates into two portions : the uppermost is the alcohol ; the lower, an 
aqueous solution of the carbonate : the alcoholic portion being carefully 
decanted from the residue, is to be put into a retort, and about three- 
fourths of it distilled over at a moderate heat into a cooled receiver. Dry j 
chloride of calcium may also be used, and is a very effective agent for I 
the separation of the water from alcohol. Caustic potassa is sometimes 
employed, but it acts chemically upon the alcohol itself. Dried sul- 
phate of lime, sulphate of soda, and some other anhydrous salts eagerly 
absorptive of water, have also been proposed, but they arc inadequate to 
the total abstraction of the water. 

When spirit of wine is put into a bladder, or into a glass ves8< I 
with a wide moutli, tied over with bladder, it is found that the aqueous 
vapour penetrates the animal membrane, in preference to the alcoholic 
vapour, so that the spirit, by spontaneous, evaporation, becomes thus 
concentrated ^vithin the bladder or vessel ; spirit of the specific gravity 
of .8()7, was thus easily reduced to .817* {Quarterly Journal^ viii. 381, 
and xviii. 180.) But this, though a curious experiment, in illustration 
of the passage of vapours through membranes, is, at all events, only 
adapted to strengthen common spirit, and not to the preparation of pure 
{ilcohol 

Professor Graham has ingeniously proposed to concentrate alcohol as 
follow^s. {Edinb, Phil. Trans., 1828.) A shallow vessel is sprinkled 
over with coarsely-powdered quicklime, and a smaller one containing 
spirit of wine is placed just above it ; both are covered by a proper 
bell-glass, upon the plate of an air-pump, and the air exhausted till the 
alcohol begins to boil. Of the vapour which rises, the lime only a]>sorbs 
the aqueous part^ and as w’atcr cannot remain under these circumstances 
in alcohol, unless covered by an atmosphere of its own vapour, it con- 
tinues in uninterrupted evaporation, whilst the escape of alcohol is 
prevented by the pressure of its own unabsorbed vapour. If sulphuric 
acid be substituted os the absorbent instead of quicklime, it absorbs both 
vapours, and the whole of the spirit evaporates. 

Pure alcohol is a limpid, colourless liquid, of an agreeable smell, and 
a strong jiungcnt flavour. From its action on the system it may be 
termed poisonous; when more or less dilute it is inlojcicaHng. The 
motle in which it kills animals, and the physiology of inebriation have 
been studied by Orfila and by Sir B. Brodie. {Phil. Trans.) It is 
considerably lighter than W'ater. Its specific * gravity varies with its 
purity; the purest obtained by rectification over lime, or absolute alcohol, 
being .701 ; as it usually occurs it is .820, at 00^. If rendered as pure 

* Smugglers, who bring spirits into it lost bulk, it acquired strength : hence 
Paris in bladders concealed about their the preference given to this contrabmid 
persons, have long known, that although article. 
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as possible by simple distillation, it can scarcely be obtained of a lower 
specific gravity than .825, at Gif. The Ixindon Pharniacopoeia states 
rectified spirit to have the specific gravity of .835. Alcohol is sufficiently 
volatile to produce considerable cold during evaporation, though in this 
respect much inferior to ether. The degree of cold is proportional to the 
purity of the alcohol. {Quarterly Journal^ x. 187.) 

Alcohol has never been frozen, and consequently is particularly useful 
in the construction of thermometers intended to measure intense degrees 
of cold. Alcohol of the specific gravity of .7847, boils at 173°. (Baroni. 
29.5.) When of a specific gravity of .825, it boils pi the tempemture 
of 178 °, the baiometrical prc«%sure being 30 inches. its specific 

gravity is as low as .800, its boiling-point is 173.5°; and when raised by 
the addition of water to a specific gravity of .900, its boiling-point, 
according to Dalton, is elevated to 182°. A table of the boiling-points of 
various mixtures of alcohol and water, founded on M. Groening s expe- 
riments, is giving in the Annals of Philosophy^ N. S.^ v. 313. In the 
vacuum of an air-pump alcohol boils at common temperatures. The 
specific gravity of the vapour of alcohol jpmpared with atmospheric air, 
is 1.613. (Oavs^ussac, Ann. de Chim. et Phys.^ i.) One volume of 
alcohol produces 488.3 volumes of vapour, calculated at the temperature 
of 212°. According to Berzelius and Dulong, the density of the 
vapour of anhydrous alcohol is 1.6004. {Ann. dc Chim. et Phys., xv.) 
To become vapour, alcohol absorbs only >3436, the heat required^ to 
evaporate ah equal eight of water. According to Despretz, the latent 
heat of alcoholic vapour is to that of steam, as 331.9 to 531. Dr Ure, 
{Phil. Trans.. 1818,) has given a table of the forces of vapour of alcohol 
at different temperatures. The expansibility of alcbhtd by heat is such, 
that 1000 parts, (specific gravity .817,) at .50°, becomes 1079 parts at 
170 °. At 1 10°, half-way between the extremes, the .alcohol nas at 1039, 
or half a division below the true mean. The more the alcohol is diluted 
with water, tlie greater Mr. Dalton found the disproportion to be between 
the two parts of the scale. When of the specific gravity .967, conre- 
ponding to 75 per cent, of water, the ratio of expansio% through the 
t half between 50° and 170°, was to that through the second half, as 
S to 4.5. {Henry s ElementSy ii., 319 ; 9th edit.) IHic follo%\iiig table of 
the contraction of alcohol in cooling down from its boiling-point, is given 
by Dumas, as founded upon Gay Lussac’s experiments. 



Temp. 




Temp. 




(’♦•fit. 


Fohr. 

' Volume. 

Cent 


Fahr. 


Volume 

78. 14* 


173* 

1000.0 

38.4® 


lor 


954.4 

73.4 


m 

994.4 

33.4 


92 


941.9 

68.4 


155 

. . 988.6 

28.4 


83 


943.6 

63.4 


146 

982.6 

23.4 


799 


938.6 

58.4 


136 

, . 97^ 

18.4 

, , • 

65 


.934.0 

53.4 


138 

. . OToS 

13.4 


66 


929.3 

48.4 


119 

965.3 

8.4 


47 


024.5 

43.4 

1^- • 

no 

960.0 

3.4 


39 


919.0 


Alcohol has a strong affinity for water, and at common tempera- 
tures absorbs a little of the aqueous vapour of the atmosphere. It 
may he mixed in all proportions, with water, and the sp^ific gntritj of 
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the mixture is greater than the mean of the two liquids, in consequence 
of the diminution 6f bulk that occurs on mixture ; this may be shown by 
the following experiment : — • 

Tlie annexed wood-egt represents a tube with two bulbs, 
communicating with each other, the upper one being supplied 
witli a well-ground glass stopper. Pill the tube and lower bulb 
with wrt/er, pour alcohol slowly into the upper bulb, and when 
full put in the stopper. The vessel w'ill now be completely 
filled, the alcohol lying upon the water ; if it be inverted, the 
alcohol and water will slowly mix, and tKe condensation that 
ensues will be indicated by the empty space in the tube. A 
considerable rise of temperature takes place in this experiment, 
in consequence of the condensation, llius, equal measures of 
alcohol (of a specific gravity of .825) and water, each at 50®, 
afford, when Suddenly mixed, a temperature of 70 ®; and equal 
measures of proof-spirit and water, each at 50®, give, under 
similar circumstances, a mixture of the temperature of 60®. 

When alcohol and 'water are. mixed, the contraction increases 
till the mixture consists of lOtf parts of alcohol and l|iE>.23 of 
water. According to Rudberg, 100 volumes of this mixture, at 
59®, contain 53.789 volumes of anhydrous alcohol, and 49.836 of 
water, the condensation therefore amounts to 3.575. Tlie 
specific gravity is 0.927 at 6^. Departing from this point, the 
contraction produced by fresh additions of water becomes iilore 
and more feeble, and terminates in apparent dilatation : thus 
Tillaye found, that when equal volumes of dilute alcohol, specific 
gravity 0.954, and water, were mixed, the specific gravity 
became 0.9768, whereas, if there had been no expansion, the density 
would have been 0.9772. The following table calculated by Rudberg, 
from the experimental results of Gay Lussac and Tralles, further illus- 
trates this subject. {Ann, dc Ckim, ct Phys., xlviii. 33.) 


Voluim* of Alcohol 

i’ontraction, in liun- 
droiUhs of the volume. 

Volume of Alcohol 

Contraction, in hun 
(Iredths of the volum 

j-er rent , m 

of the mixture. ^ 

[jcr cent . 

of the mixture. 

100 

. 0. 

50 

. 3.745 .H 

95 . 

1.18 

45 . 

3.64 

90 

. 1.94 

40 

. 3.44 

05 . 

2.47 

. 35 . 

3.14 

80 

. 2.87 

30 

. 2.72 

76 . 

3.19 

25 . 

2.24 

70 

. 3.44 

20^ . 

. 1.72 

65 . 

3.615 

15 . 

1.20 

60 

. . 3.73 

10 

. 0.72 

^ 65 . 

3.77 

5 . 

0.31 


In reference'^ to this table, Dumas remarks, that the maximum of 
contraction* indicates 55 per cent, of alci^ol, but that Rudbe^'s expe- 
riments place it at 54 per ceni,^ which is equivalent by weight to 1 
atom of alcohol and 3 atoms of water, or 23+27. 

The absolute amount of the contraction varies wHlth the temperature ; 
according to Tralles, at 39° it amounts to 3.97 ; ut 52® to 3.77; ut 64® to 
3.60 ; and at 100® to 3.31. (Sec also Gilpin's Tables^ in reference to this 
subject.) ' 
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Hho, dlnength of sucb spirituous liquors as consist of water and alcohol, 
iSo ascertained by their specific gravity*^ and for the purpose of levying 
.duties upon them, this is determined by the hydrometer; but the only 
0 q|;i 7 cj^*mode of ascertaining the spedfic gravity of liquids, is by weighing 
them in^jk delicate balance, against an equal volume of pure water, of a 
similar temperature. (See p. 136.) 

The1radilities,.hQwever, in using the hydrometer are such as to render 
it best fitted for the , practical purposes of the excise, and, consequently, 
the Committee of the Royal Society have recommended to the govern- 
ment a form of this instrument, which they consider best adapted to the 
purpose, accompanied by proper tables; from their report (drawn up by 
Mr. Faraday), I make the following extract, which will explain the most 
important parts of the inquiry relating to the composition and density of 
Proof Spirit t. 

“ With regard to the substance, alcohol^ upon which the excise duty is 
to be levied, there appears to be no reason, either philosophical or prac- 
tical, why it should be considered as absolute. A definite mixture of 
alcohol and water is as invariable in its value as absolute alcohol can 
be. It is also invariable in its nature; and can be more readily^ and ^vith 
equal accuracy, identified by that only quality or condition to which 
recourse can be had in practice, namely, specific gravity. A diluted 
alcohol is, therefore, that which is recommended by us as the only excise- 
able substance; and as, on the one hand, it will make no difference in 
the identification, and on the other, will be a great commercial advantage, 
it is further recommended that the standard be very nearly that of the 
present proof-spirit. 

• There ai*e other methods of judging -j- Hitherto the term proof-spirit has 
of the strength of spirituous liquors, been but indefinitely employed. Dr. 
which, though useful, are not accurate, Thomson, quoting the adt of parliament 
such as the taste, the size and appear- of 17b'2, states, that at the tcinj)eraturc 
ance of the bubbles when shaken, the of 60®, the specific gravity of proof-spirit 
sinking or floating of olive-oil in it, and should be 0.916; and he also^observes 
the appearances that it exhibits when that proof-spirit usually means a mixture 
burned; if it bums away perfectly to of equal bulks oi alcohol and water; but 
dryness, and inflames gunpowder or a the specific gravity of such a mixture 
piece 6f cotton immersed in it, it is con- .will, of course, depend upon that of the 
'siderod as alcohol. The different spin- standard alcohol^ which is not specified, 
tuous liquors leave variable proportions of It appears from Gilpin’s Tables^ that 
water, when thus burned in a gi'aduatcd spirit of the specific gravity .916, at 60®, 
vessel. But it must be recollected that consists, by weighty of 100 parts of alcohol, 
in rum, brandy, and several other spirits, specific gravity .625, at 60®, and 70 of 
the specific gravity is often interfered water; and, by measure, of 100 parts of 
with by extractive, colouring, and sac- the same alcohol, and 61.87 of water, 
charine substances, often fraudulently From the Tables of Lowitz, quoted by 
added with a view to diminish their Dr. Thomson, from Crell’s Annals 
apparent strength. In examining these (1796, i., 202), equal weights of alcohol, 
liquors, they should bo distilled in the specific gravity .796, at 60® (and which 
manner described above in reference to may be regarded as pure alcohol), and 
wine, and the specific gravity of the dis- water, have a specific gi-avity of .917, 
tilled portion will then give an indication which is very nearlegal proof, and which, 
of the proportion of alcohol per cent, that according to Gilpin’s Tables, contains 
may be relied on. In respect, however, 62.8 parts per cent, of his alcohol, by 
to the ercise, distillation is inconvenient, measure. The proqf-spirit of the Phar^ 
and is, therefore, I believe, only resorted macoposia (spiritus tenuior) is directed to 
to in extreme or very suspicious cases. bo of the specific gi’avity .930. 
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“ The proposition of your coiiiTnitteo is, that skimlard sjnrii he that 
which, consisting of alcohol and water alone, shall have a specific gravity 
of 0.92 at the temperature of 62° Fahr., water being utiity at that same 
temperature; or, in other words, that it shall at 62° weigh^TV5ths, or itths 
of an equal bulk of water at the same temperature. The temperature of 
62° Fahr. is recommended as the standard, because it is that at which 
water was taken in the late national survey and adjustment of weights 
aud measures. The specific gravity of 0.92 is taken rather than 0.918633 
(the specific gravity of present proof-spirit at 62°), because the fraction 
expressing its relation to water is much more simple, and will facilitate 
the construction of the tables and the verification of the instruments 
proposed to bo used. • 

“This definition standard spirit appears to your committee to be very 
simple, and yet as exact as it can be, or as any other standard spirit can 
be. This standard is rather weaker than the old proof-spirit, in the 
proportion of nearly 1.1 gallon of the present proof-spirit per cent. But 
tliis disadvantage your committee consider as trifling compared with the 
great convenience which will result if the specific gravity of 0.92 be taken 
rather than 0.918633. 

“ It may be interesting hereafter to ascertain what proportion of ahso-- 
lute alcohol enters into the composition of the recommended standard 
spirit, should the. latter be adopted by the goveniment; but tlic point 
possesses not the slightest practical imi)ort{mco in relation to the present 
question. The proposed standard is in fact more definite, more sure, and 
more ascertainable than that of the alcohol which it must contain. 
Pliilosophcrs are not yet agreed upon absolute alcohol, and the differences 
of specific gravity assigned at 60° vary from .7910 to .7980. But as- 
suming the truth to be somewhere within these extremes, the proposed 
standard would contain nearly ono-lialf by weight of absolute alcohol ; 
.7947 at 59°, Berzelius; .7960 at 60°, Turner from Saussurc? .7910 at 
60°, Brande; .7980 Chaussier; .79235 at 64°, Ga?/ Lussac. 

“ In any mixture of alcohol and water the speckle gravity appears to 
be the only quality or condition to which recourse can be had for the 
practical purposes of the excise, in order to indicate the proportion of 
standard spirit present. Your committee are of opinion that the hydro- 
meter is the instrument best fitted in the hands of the excise-officer to 
indicate that specific gravity; and they think it ought to be so graduated 
as to give the indication of strength, not tipon an arbitrary scale, hut in 
terms of specific gravity at a fixed temperature, which, in the present case, 
should be 62°, or that of the standard spirit. The graduation in terms of 
specific gravity will not only supply a very minute yet sensible scale for 
the purpose of ascertaining smaller differences in the density than is done 
by the present scale, but will also afford an easy means of verifying the 
instruments when required.’* 

In the Philosophical Transactions for 1794, Mr. Gilpin has given a 
copious and valuable series of tables of the specific gravity of mixtures 
of alcohol and water, and of the condensation that ensues, with several 
other particulars. These are extremely useful, as enabling us to ascertain, 
without difficulty, the relative quantity of alcohol contained in any 
mixture of known specific gravity. The original tables are very 

3 7^2 
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vmuminous, and have been variously abridged; but as they are published 
separately, they should be in the hands of all persons engaged in these 
inquiriei^.r As far as the experimental chemist is concerned, the following 
table, by lA)wiJz,*will probably be found sufficient. It shows the quan- 
tity t)f absolute alcohol (specific gravity .7960 at 60 ®) contained in diluted 
alcohol of difierent*specific gravities*. 


100 parts. 

Sp. Gravity. 

100 parts. 

Sp. Gravity. 

100 parts. 

Sp. Gravity. 

mm 


At 68®. 

At 60®. 



At 68®. 

At 60®. 



At 68®. 

At 60° 

100 

0 

0-791 

0*796 


34 

0-877 

0*881 



0*952 

0*955 

99 

1 

0-794 

0-798 


35 

0*886 

0*883 



0*954 

0*957 

98 

' 2 

0-797 



36 

. 0*882* 

0*886 

30 

Kil 

0*956 

0*958 

97 

3 




37 

0-885 

0*889 

29 

Kn 

0*957 

0*960 

98 

4 

|iijj 

0-807 



0*887 

0*891 

28 


0-.959 

0*962 

95 

5 

In 




0*889 

0*893 

27 


0*961 

0-903 

94 

6 

in 

0*812 



0*892 

0*896 

26 


0*963 

0*965 

93 

7 

0-811 

0*815 



0*894 

0*898 

23 


0*965 

0*967 

92 

8 

0-813 

0*817 

58 


0*896 

0*900 

24 


0*966 

0*968 

91 

9 

0-816 

0*820 

57 


0*899 

0*902 

23 


0*968 

0*970 

90 

10 

0*818 

0*822 

50 


0*901 

0*904 

22 


0*970 

0*972 

89 

11 

0*821 

0*825 

55 


0*903 

0*906 

21 

79 

0*971 

0*973 

88 

12 

0*823 

0*827 

54 

46 

0-905 

0*908 

20 

80 

0*973 

0-974 

87 

13 

0*826 

0-830 

53 

47 

0*907 

0*910 

19 

81 

0*974 

0*975 

86 

14 

0*828 

0*832 

52 

48 

0*909 

0*912 

18 

82 

0*976 

0*977 

85 

15 

0*831 

0-835 

51 

49 

0*912 

0*915 

17 

83 

0*977 

0*978 

84 

16 

0*834 

0-838 

50 

50 

0*914 

0*917 

16 

84 

0*978 

0*979 

83 

17 

0*836 

0*840 

49 

51 

0*917 

0*920 

15 

85 

0*980 

0*981 

82 

18 

0*839 

0*W3 

48 

52 

0*919 

0*922 

14 

86 

0*981 

0*982 

81 

19 

0-842 

0*846 

WM 

53 

0*921 

0*924 

13 

87 

0*983 

0*984 

80 

20 

0*844 

0*848 

0 

EM 

0*923 

0.926 

12 

88 

0*985 

0*986 

79 

21 

0*847 

0*851 

45 

55 

0*925 

0*928 

11 

89 

0*986 

0*987 

78 


0-849 

0*853 

44 

56 

0*927 

0*930 

10 

90 

0,987 

0*988 

77 



0*855 

43 

57 

0*930 

0*933 

9 

91 

0*988 

0*989 

76 


0*853 

0-857 

42 

58 

0*932 

0*935 

8 

92 

0*90) 

0*990 

75 


0*856 

0*860 

41 

59 

0*934 

0*9.37 

7 

93 

0*991 

0*991 

74 


0*859 

0*863 

40 

60 

0*936 

0*939 

6 

94 

0*992 

0*992 

73 


0*861 

0*865 

39 

61 

0*938 

0*941 

5 

95 

0*994 


72 


0*863 

0*867 

38 


0*940 

0*943 

4 

96 

0*995 


71 


0*866 

0*870 

37 

63 

0*942 

0*945 

3 

97 

0*997 




0*868 


36 

64 

0*944 

0*947 

2 

98 

0*998 


69 


Elin] 

0*874 



0*946 

0*949 

1 

99 

0*999 


68 


0*872 

0*875 



0*948 

0*951 

0 

100 

1*000 


67 




EH 


0*950 

0*963 






• French authors are still in the inconvenient habit of referring to 
hydrometer in speaking of the specific gravities of liquids, both lighter and heavier 
than water: the following tables show the real specific gravities at the temperature 
of 65® Fahr.y corresponding with the degrees of Baumd*s instrument. 


FOR LIQUIDS LIGHTER THAK WATER. 


Deg. 

Sp. Gr. 

Deg. 

Sp. Gr. 

Deg. 

Sp, Gr. 

10= 

1*000 

21 : 

= *922 

32 = 

= *856 

11 

•990 

22 

•915 

33 

•852 

12 

•985 

23 

•909 

34 

•847 

13 

•977 

24 

•903 

35 

•842 

14 

•970 

25 

•897 

36 

•837 

15 

*963 

26 

•892 

37 

•832 

16 

*955 

27 

•886 

38 

•827 

17 

•949 

28 

•880 

39 

•822 

18 

*942 

29 

•874 

40 

•817 

19 

*935 

30 

*867 



20 

•928 

31 

*861 




FOR LIQUIDS HEAVIER THAN WATER. 


Deg. 

Sp. Gr. 

Deg. 

Sp. Gr. 

Deg. 

Sp. Gr 

0=1*000 

27= 

rl*230 

54 = 

r 1*594 

3 

1*020 

30 

1*261 

67 

1*659 

6 

1*040 

33 

1*295 

60 

1-717 

9 

1*064 

36 

1*333 

63 

1*779 

12 

1*089 

39 

1*373 

66 

1*848 

15 

1*114 

42 

1*414 

69 

1*920 

18 

1*140 

45 

1*455 

72 

2*000 

21 

1*170 

48 

1*500 



24 

1*200 

51 

1*547 
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Alcohol is extremely inflammable, and bums with a pale-blue flame 
scarcely visible in bright day-light. The heat, however, of its flame is 
very intense, as may be shown by suspending in it a coil of fine platinum- 
wire, which becomes white' hot. It occasions no fuliginous deposition 
upon 'substances held over it, and the products of its combiistipn are 
carbonic acid and water, the weight of the water considerably exceeding 
that of the alcohol consumed. According to Saussure, jun., 100 parts of 
alcohol afford, when burned, 136 parts of water, the production of which 
may be shown by substituting the flame of alcohol for that of hydrogen, 
in the apparatus fig. 201 ; and if the tube at its extremity be turned 
down into a glass jar, it will be found that a current of carbonic acid 
passes out of it, which may be rendered evident by lime-water. 

When alcohol is burned at lower temperature than that required for 
its inflammation, as by tlie action of hot platinum (p. 207)j the pro- 
ducts of its combustion are very diflferent ; the proportion of carbonic 
acid is less, and acetic acid is formed. 

There are some substances which communicate colour to the flame of 
alcohol ; from boracic acid it acquires a greenish-yellow tint ; nitre and 
the soluble salts of baryta cause it to burn yellow, and those of stroiitia 
give it a beautiful rose-colour ; cupreous salts impart a fine green tinge. 
The cui'ious monochromatic eflect of common salt has been above ad- 
verted to, (p. 206, note,) 

Mn Graham has shown that alcohol may, in many instances, be 
combined with saline bodies, fonning, as it were, a substitute for water 
of crystallization. Such combinations may be called alcokates. They 
are obtained by dissolving the substances by heat in absolute alcohol, and 
arc deposited as the solution cools, more or less regularly crystallized. 
They appear to be definite compounds, and in some of them the alcohol 
is retained by an attraction so powerful, as not to be evolved at a tempe- 
rature of 400 or 500°. Mr. Graham has examined the alcoholic com- 
binations of chloride of calcium, nitrate of magnesia, nitmte of lime, 
chloride of zinc, and chloride of mangarese. {QMarterly Journal^ N. 
Dec., 1828.) 

The action of chlorine and other halogens on alcohol, we shall con- 
sider amongst ethers. It dissolves nearly all the acids, giving rise to an 
important and varied class of compounds, resulting from their mutual 
action : these also will be described in the next Section, relating to ether : 
but there are also a series of curious phenomena, arising out of the mere 
mixture of alcohol and acids, first observed by Chevreul, and subsequently 
examined by Pelouzc. When sulphuric acid, for instance, is mixed with 
alcohol, the mixture has no action upon any neutral carbonate, and yet 
it decomposes acetate of potassa, evolving acetic acid. A mixture of 
alcohol and muriatic acid docs not act upon carbonate of potassa, but it ^ 
decomposes the carbonates of soda, lime, strontia, and magnesia. A 
mixture of alcohol and nitric acid id without action upon carbonate of 
potassa, but it acts powerfully on carbonate of lime, and of strontia, and 
slowly on carbonate of soda, baryta, and magnesia. An alcoholic solution 
of acetic and of tartaric acid decomposes none of the carbonates: a 
similar solution of citric acid decomposes carbonate of potassa and of 
magnesia, but not carbonate of baryta, strontia, or lime ; and the alcoholic 
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solution of oxalic acid decomposes carbonate of strontia, of lime, and of 
magnesia, but not carbonate of potassa. The addition of a small quantity 
of \vd.ter does not affect these mixtures, for 'when a saturated solution of 
carbonate of potassa is mixed with the alcoholic solution of acetic acid, the 
carbonate is precipitated without effervescence: an alcoholic sollitioii, 
therefore, may appear neutral to tests, whilst, in reality, strongly acid. 
It is difficult to suggest an explanation of these statements. 

Alcohol dissolves a small quantity of sulphur, especially at its boiling- 
temperature, but the greater portion is deposited, on cooling, in smcall 
brilliant crystals : the solution has a peculiar odour. When a flask of 
alcohol is suspended in the head of an alembic, containing sulphur, and 
the latter melted, so that as its vapour rises it may be condensed with 
that of the alcohol, a reddish-yellow liquid passes over, containing sul- 
phuretted hydrogen : this solution becomes milky upon the addition of 
water, and appears to contain about a hundredth part of sulphur. A 
very similar solution may be obtained by passing sulphuretted hydrogen 
into alcohol, imder slight pressure. Alcohol also dissolves phosphorus, 
taking up about a 240th part at its boiling-point, and retaining a 320th 
part when cold. This solution is luminous in the dark on exposure to 
air, and produces a beautiful pale, but ineffectual flame, Avheu poured 
upon hot water. Carbon is insoluble in alcohol, but it dissolves carburet 
of sulphur, and the solution is decomposed by the alkalis, (see p. 509.) 

Potassium and sodium slowly decompose alcohol at common tempera- 
tures ; heated with it, they evolve carburetted hydrogen, Potassa and 
soda are soluble in alcohol, and it is sometimes resorted to as a means of 
the purification of those alkalis ; after a time, however, they begin to act 
upon Oiich other, and complicated changes ensue ; carbonate of the alkali 
is formed, and carbonaceous matter evolved, on the application of heat ; 
by their slow mutual action, acetic acid, a resin, and a species of brown 
extractive, appear to be formed. Ammonia and its carbonates are soluble 
in alcohol : it absorbs a large quantity of ammoniacal, and of several 
other gases. Lithia, baryta, strontia, and lime, are almost insoluble in 
alcohol, even in their hydrated states; so also are the fixed alkaline 
carbonates : their sulphurCts are soluble. The greater number of the 
chlorides*, iodides, and bromides, which are soluble in water, are soluble 
also in alcohol, and with many of them definite alcoholized compounds are 
produced : the same is the case with some of the nitrates : but the sul- 
phates are almost all insoluble, hence the use often made in the analysis 
of mixtures of salts, of the separative power of alcohol. 

The uses of alcohol in the arts, and its applications to various econo- 
mical purposes, are extremely numerous: to the chemist it is a most 
valuable species of fuel, but we arc almost debarred from its use by the 
excise regulations; and for the same reason many manufactures, in 
which alcohol is an essential agent, cannot be carried on in this country. 
Its solvent powers, in regard to reshis, oils, and other organic products, 
have bfeen elsewhere noticed : its medicinal and pharmaceutical craploy- 

■ Tlic mutlial action of chloride of salts, of which hydrocarbon and the 
l)latinnm and alcohol has been studied chlorides are the elements ; he terms 
by Zeiso, and his inqiiiries scorn to lead them ciherixed salts. 
to the existence of a peculiar class of 
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ment is also important ; and as an exhilarating stimulant in wines, beer, 
and other fermented liquors : the mischief, on the other hand, which 
results from its improper use, is very extensive, as illustrated in the 
broken constitution of mind and body which characterizes the dram- 
drinker and the habitual drunkard. 

Decomposition and Component Parts op Alcohol. When alcohol 
is passed through a red-hot tube it is decomposed, more or less perfectly 
according to the temperature, and to the rapidity of its passage: the 
most accurate experiments upon this subject are those of T. de Saussure, 
{Ann. de Chm.y xlii. and Ixxxix. ;) he passed the vapour of alcohol 
slowly through a red-hot porcelain tube ; there was deposited upon its 
interior a little charcoal, a volatile crystalline substance (probably naph- 
thaline), and a brown empyreumatic oil ; and gas was evolved, the specific 
gravity of which was 0.586, and which was a mixture of carburetted 
hydrogen, carbonic oxide, and hydrogen. 

When alcohol-vapour and oxygen are mixed in proper proportions, 
and fired by an electric spark, a violent explosion ensues, and carbonic 
acid and water are the results: 1 volume of alcohol-vapour requires 
3 volumes of oxygen for its perfect combustion, and the result is, 
2 volumes of carbonic acid, and 3 volumes of aqueous vapour. 

Dumas and Boullay analyzed alcohol by oxide of copper {Ann. de 
Chun, et Phys., xxxvi. 294), and the results of their experiments, with 
those of other analysts (corrected for absolute alcohol), give the following 
as the composition of this fluid : 

Dumas and 

Saussure. Doullay. 

Carbon .... 2 .. 12 .. 52.18 .. 51.98 .. 52.17 

Hydrogen . , , 3 .. 3 .. 13,04 .. 13.70 .. 13.31 

Oxygen . . . . 1 .. 8 .. 34.78 .. 34.32 .. 34.62 

Anhydrous alcohol 1 23 100.00 ^ 100.00 100.00 

It has been above stated, that the specific gravity of alcohol-vapour 
is 1.60, and with this its calculated density, in reference to the above 


analysis, closely agrees, for 

Volumes. Sp. Gr. 

Carbon vapour .... 1. . . 0.8438 

Hydrogen gas .... 3. . . 0.2064 

Oxygen gas 0.5 . . 0.5513 


Alcohol vapour ... 1 1.6015 


And these results, expressed in other terms, are equivalent to olefiant gas 
and waier^^ or 

Vols. Sp. Gr. 

Olefiant gas .1 • • 14 • • 60.7 = 1 • • 0.981 

Water ... 1 . . 9 . . 39.3 = 1 . . 0.620 

Alcohol . . 1 . 23 100.0 = 1 1.601 

Adopting these views of the atomic composition of alcohol, its equiva^- 
lent is 23, but chemical authorities difier upon this subject, some repre- 
senting alcohol by the equivalent 46, and considering it as a compound 

* According to Dr. Ritchie, alcohol is resolved by electrochemical decomposi- 
tion into olefiant gas and water. 



ALCOHOL. 


1080 

of 1 atom of elherine — 28 (see p. 489), and 2 atoms of water sr 18, or 
a Unhydrate of elherine. This is the atomic composition of alcohol, as 
given by Dumas ; and it will be found, in some cases, a more convenient 
theoretical expression than the former. In reference, then, to the pre- 
ceding statements, we may adopt any of the following rep resentat ive 
fonnulce for alcohol : (2 CUT + 3 ^ CUT + 2 A) + or 

(4 CUT + 4 h) + ^ q ; and the following diagrams will further illustrate 
them, and show the number of component atoms or volumes that are 
condensed in 1 atom of alcohol, or in 1 volume of alcohol vapour*. 



§ XXII. ETHER. 

When mixtures of alcohol, and the stronger acids, are subjected to dis- 
tillation, a liquid is formed to which the term ether is applied, (or by the 
Germans, naphtha and the nature and composition of which differs 
according to the acid employed ; in some cases, containing the acid or its 
elements; and in otliers, not containing them. Ether of the latter de- 
scription, is produced by the mutual action of alcohol and sulphuric acid, 
and is frequently termed sulphuric ether, but I shall merely term it ether ^ 
and shall designate those ethers which do contain the acid or one of its ele- 
ments, by the acid employed, such as nitrous^ muriatic^ acetic ether, &c. 
The compounds which accompany the formation of the various ethers, or 
which are essential to their production, will also be considered in this 
section. 

Ether. Sulphuric Ether. This liquid is first described by Vale- 
rius Cordus in 1540, under the name of oleum vitrioli dulce. The term 

• I have stated, in reference to the analysis of sugar, the difi&culty of deter- 
mining the equivalent of that compound as regards the atoms of carbon : if we 
adopt Gay Lussac's view of the conversion of sugar into alcohol, sugar must be 
regarded as a compound of 3 atoms of carbon, 3 of hydrogen, and 3 of oxygen, 
which, by fermentation, is resolved into 1 atom of carbon and 2 of oxygen = 
cor^nio acid, — and into 2 atoms of carbon, 3 of hydrogen, and 1 of oxygen = 
alcohol ; or if we adopt symbols, the change would stand as follows : — 

43 Sugar = S2 Carbonic Acid and S3 Alcohol. 

r ^ , / ■ ■■■■ ^ 

(3 car + 3 h + 30 ) =: (car + a o) + (* car + 3 h + o) 

According to Gay Lussac, 100 lbs. of sugar should afford 51.34 of alcohol and 48.70 
of carbonic acid ; and the conversion of sugar, without tlie absorption of oxygen, 
into carbonic acid and alcohol, is strongly in favour of this view of its atomic con- 
stitution, and opposed to that which supposes an excess of carbon. (See p. 904.) 
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ether was applied to it 190 years afterwards by Frobenius, who, in a 
paper in the Phil, Trans.^ described its singular properties ; at the end of 
this paper is a note by Godfrey Hankwitz, Mr. Boyle's operator, mention- 
ing the experiments tliat had been made upon it by Boyle and by New- 
ton. Since that period the process of etherification has been minutely 
studied. 

Production of Etder. 1. Ether is usually obtained either by distilling 
a mixture of sulphuric acid and alcohol, or by suffering alcohol gradually 
to dribble into the heated and somewhat diluted acid. Mr. K. Phillips’ 
directions for the former process are as follows : ‘‘ Mix with 16 ounces 
of sulphuric acid, an equal w^eight of rectified spirit, and distil about 10 
fluid ounces ; add 8 ounces of spirit to the residuum in the letort, and 
distil about 9 fluid ounces ; or continue the operation until the contents 
of the retort begin to rise, or the product becomes considerably sul- 
phurous ; mix the two products, and if the mixture consist of a light 
and heavy fluic', separate them : add potash to the lighter, as long as it 
appears to be dissolved ; separate the ether from the solution of potash, 
and distil about nine-tenths of it, to be preserved as ether mlphurictis^ 
the specific gravity of which ought to be at most .750.’* {ExptL Exam, 
of London Pharmacop.) 

Preparing ether upon a larger scale, it was found that 14 parts of 
alcohol (specific gvavity .820) mixed with an equal weight of sulphuric 
acid (specific gravity 1,8,) and submitted to ilistillation, afforded about 8 
parts of impure ether (specific gravity .770). 7 parts of alcohol were 
then added to the residuum, and about 7f parts more of impure ether 
drawn off. These products, when mixed, had a specific gravity of about 
.782, and when rectified by distillation on carbonate of potassa, afforded 
1 0^ parts of ether, of a specific gravity of *735, and about 34 parts of 
ethereal spirit, which was employed instead of an equal quantity of 
alcohol in the next operation. 

These processes, when carried on on a small scale, may be conducted 
in gloss retorts with adopters and cooled receivers ; but upon the large 
scale, a leaden still or alembic is most convenient. The ether-apparatus 
employed at Apothecaries* Hall, consists of a leaden still, heated by means 
of high-pressure steam carried through it in a contorted leaden pipe ; a 
tube enters the upper part of the still, for the purpose of suffering alcohol 
gradually to run into the acid in a way which I shall presently explain. 
The still-head is of pewter, and is connected by about G feet of tin pipe, 
with a very capacious condensing-worm, duly cooled by a current of 
water ; the receivers are of pewter with glass lids, and have a side tube 
to connect them with the delivering end of the worm-pipe. In conduct- 
ing this operation, too much caution cannot be observed in avoiding the 
proximity of fire, and the use of fragile vessels ; in all cases in which 
ether is to be dealt with these cautions cannot be too strictly enforced, 
as will be more evident when its properties are stated. One of the great 
advantages in using steam as the source of heat is, that it obviates the 
necessary vicinity of fire. 

2. Boullay’s process for the production of ether, which is preferable to 
the former, is the following : equal pjirts of sulphuric acid and of alcohol 
(specific gravity .837) are cautiously mixed in a tubulated retort con- 
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nected with a tubulated receiver by means of a long adopter ; the retort 
is placed in a sand-heat, and the receiver cooled by the proper applica- 
tion of water. An S tube passes air-tight through the tubulature of the 
retort, the lower end of which is draivn out into a very small or almost 
capill^y opening, and so adjusted as to dip to about two-tliirds of the 
depth of the liquid in the retort ; heat is then applied by the sand-bath 
till the contents of the retort just begin to appear to boil ; the fire is then 
slackened or damped so as to keep up a regular ebullition, and as the 
apparatus is air-tight, the expansion within is suffered to escape by a 
siphon tube, which passes through the tubulature of the receiver. When 
about 2 pints of product have passed over, an equal quantity of alcohol is 
so gradually suffered to trickle into the retort by the S tube, as not to check 
ebullition, but to compensate for that whieh distils over ; when, in this 
way, a quantity of alcohol has been added equal to that contained in the 
original mixture, the operation is generally left to itself, and as soon as 
wliite vapours, and drops of oil appear in the adopter, the fire is with- 
drawn. The products of this distillation are usually divided into three 
parts ; the first is alcohol with a little ether, which first passes over ; 
the second and largest portion is mixed with a sixteenth of its weight of 
carbonate of potassa, which abstracts water and sulphurous acid, and 
decomposes any oil of wine that may chance to be contained in it ; this 
mixture is shaken, and when the ether has acquired a sweet and pure 
odour, it is rectified by slow distillation from a water-bath till two-thirds 
of its original bulk have distilled over ; this portion is pure ether. 
The residue of the rectification is mixed with the last portion of the 
original distillation, and kept for some days in contact with the carbonate 
of potassa before used, and a little water and peroxide of manganese are 
added so as to get rid of the sulphurous acid ; when this is done, the 
stratum of ether is drawn off and rectified, but it never equals in quality 
that of the former part of the process. 

It will be observed that, in this process, a large additional quantity 
of alcohol is gradually added, and converted into ether by the original 
portion of sulphuric acid ; and by obvious contrivances, the same thing 
may be effected with the stiU and apparatus used on the large scale. 

3. Mitscherlich (in the first volume of his Lehrhuch der Chemie) 
has added some important facts to the preceding details, and has given 
a form of apparatus for the production of ether which well illustrates it. 
It consists of a large flask or bolthead, the mouth of which is closed with 
a cork having three perforations, one of which allow'^s the insertion of a 
thermometer by which the temperature of the contents of the flask can 
be regulated ; the second admits of the passage of a small tube termi- 
nating at its upper end in a funnel, and at its lower, within the flask, in 
a capillary opening which dips into the liquid ; from the third aperture a 
tube issues for the conveyance of the vapours generated within the flask 
into a proper condenser immersed in cold water ; the end of this tube 
within the flask is slanted off, so that liquid forming in it may drop back 
into the flask and not obstruct the free egress of the vapour. Absolute 
alcohol is first .poured into the flask, and then sulphuric acid, somewhat 
diluted, is gradually added, care being taken to prevent the heating of the 

luiuurc above 250"^ (120 cew/.) The proportions are lOO^artsof sulphuric 
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dxjid (which already contains 18.5 of water) diluted with 20 parts of 
water, and mixed with anhydrous alcohol, in the proportion of 50 parts 
to every 100 of concentrated acid. To this mixture heat is applied, and it 
is kept boiling till the thermometer within the flask indicates 284° (140 
cent . ;) two strips of paper are then pasted upon opposite sides of the flask 
to indicate exactly the bulk of its contents, by showing the level of the 
liquid within it ; alcohol is then suffered to flow in by the funnel-tube, 
the supply being so regulated as to maintain the boiling-point at 284°. 
If, having set out with 9 ounces of sulphuric acid, oz. of water, and 3 
ounces of alcohol in the flask, the specific gravity of each successive 2 
ounces that pass over into the receiver attached to the condenser be de- 
termined, that of the first 2 ounces will be 0.780, that of the two follow- 
ing 0 . 788 , and this gradually increases to 0.798, at which the density 
generally amves by the ninth or tenth ounce, and then remains con- 
stant ; that being nearly the density of the alcohol used. 

If the precaution just stated respecting the adjustment of the tem- 
perature be strictly attended to, any quantity of alcoliol may be etherized 
by the same portion of acid, which is no further altered than by foreign 
matters which may be accidentally present, or by the volatihzation of a 
minute portion along with the ethereal vapour. 

The liquid wdiich passes over through the condensing-apparatus into 
the receiver, separates into two parts, the lighter stratum being ether, 
with a little alcohol and water ; and the heavier, water, with a little 
alcohol and ether ; and when the process has been carefully conducted, 
the w^eight of these products exactly corresponds with that of the alcohol 
consumed. In an experiment in winch a large quantity of product had 
been obtained, it w^as found to consist of 65 ether, 18 alcohol, 17 W'ater ; 
now the quantity of water which should have been evolved in the pro- 
duction of 65 parts of ether is 15.4 ; so that the practical is as near to 
the theoretical result as could be expected, considering the impossibility 
of preventing the loss of ether by evaporation, and including errors of 
experiment. Careful manufacturers obtain from 100 parts of spirit of 
wdne, containing 76 parts by weight of anhydrous alcohol, 60 parts of 
ether of the specific gravity 0 . 727 ; according to calculation, they should 
obtain 58 parts of ether of 0.724. With this diluted alcohol, the water 
which passes over is of course in greater quantity than when absolute 
alcohol is used. 

The ether of commerce almost always contains alcohol, which mate- 
rially aifects its density ; sometimes it also contains water, which is 
the case with what is termed washed ether ; and if ether has been long 
prepared, it is often slightly acid, and leaves a peculiar odour when 
rubbed upon the hand. In order to procure from it perfectly pure ether^ 
it must be well shaken in a close vessel with about twice its bulk of 
water, and allowed to separate upon its surface ; it is then poured off, 
and a sufficient quantity of well-burned lime added to it, by which 
the water w^iich it had acquired by the agitation is abstracted; the 
mixture of ether and lime is then distilled, care being taken to prevent 
all escape of vapour, and to keep the condcnsing-rcceivers cold, and the 
first third that distils over may be considered as pure elkcr^ free from 
alcohol and fronwvater. 
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Properties of Ether. Ether is a transparent, colourless, limpid 
liquid, of a peculiar penetrating and agreeable odour, and a pungent and 
sweetish' taste ; it is highly exhilarating, and produces a remarkable 
species of intoxication when its vapour is respired mixed with air. It 
is neither acid nor alkaline ; it has a high refractive power in regard to 
light, and is a non-conductor of electricity. 

The specific gravity of ether, at 68° is according to Saussure 0.715 ; 
according to Gay Lussac its specific gravity (in reference to water at 
its maximum density) at 90° is 0.69739; at 70° = 0.71192; at 68° =r 
0 . 7154 ; and at 54° z= 0.7237. Assuming the water at the same tempe- 
rature as the ether, its specific gravity at 68° is = 0,71664; and at 68° it 
is = 0 . 7240 . According to Dumas and Boullay the specific gravity of 
ether at 68° is = 0.713. This exactly agrees with my own determination 
of the specific gravity of ether at 60° which had been washed and distilled 
off quick-lime; this refers to water at 40°. 

Ether is eminently volatile *. At mean pressure, it boils according to 
Gay Lussac at 96°.5. Ether of the specific gravity of .720 may be said to 
boil, under a pressure of 30 inches, at 98°. Upon this subject, however, 
the best authorities vary a little, in consequence, perhaps, of variations in 
the density of the ether and of barometrical pressure, circumstances which 
easily influence the boiling-point of this liquid ; it is also much affected by 
the nature and cleanliness of the vessel in which the experiment is made. 
Dr. Bostock foimd that in a clean glass tube, it might be heated con- 
siderably above its boiling-point, but that when in that state a few metal 
filings or other solid particles were thrown into it, its temperature instantly 
fell, and it entered into ebullition. (Ann, of Phil.^ 2nd series, viii. 
296.) The extreme volatility of ether renders it impossible to pour it 
from one vessel to another without losing a portion by evaporation, and 
its vapour, in consequence of its density, is easily discerned passing oft* 
from the liquid ; it is this which renders it so dangerous to expose ether 
near to, and especially above, the flame of a candle. This density of 
ethereal vapour is well shown by dipping a flock of cotton into ether, 
and placing it within a glass tube of about an inch diameter, and 18 or 
20 inches long ; the ethereal vapour will descend and escape from the 
lower end of the tube, where it may be inflamed by a lighted taper, but 
none rises to the upper end of the tube. If the lower end of the tube 
be drawn into a point and bent upwards, the ethereal vapour may there 
be burned in the manner of a gas-light. 

The great density of ethereal vapour was first noticed by Dr. Ingen- 
housz. (Nouvelles Experiences^ p. 180, as quoted by Dr. Thomson.) 
Experiments have been made upon this subject by Dalton (Manchester 
Mem, : 2d. series, iii. 260) and by Gay Lussac and Despretz. (Ann, de 
Chim, et Phys,^ i. 218, and xxi. 143.) The results of the latter experi- 
mentalists closely agree, and place the density of ethereal vapour at 
mean pressure and temperature, between 2.6808 and 2.5860 in reference 
to air as =: 1. 

* Bee the exp^iments at pp. 162 and ons that were it not for atmospheric 
168, (fig^ 63 and 67) in reference to the pressure we should only know ether aa a 
low boiling-point, and the cold produced gas or vapour, for in vacuo it boils at all 
by the evaporation of ether. It is obvi- temperatures. • 
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The elastic force of ethereal vapour is shown by letting a drop or two 
pass up into the vacuum of a barometer, when it instantly depresses the 
mercury several inches, more or less according to the temperature: lienee 
also, when thrown up into gases standing over mercury, it greatly augments 
their bulk. The following table shows the result of Mr. Dalton’s experi- 
ments on the force of ethareal vapour at different temperatures. 


Temp. 

Force of Ethereal vapour. 

.Temp, 

36 

• . inches. 

173 

64 

. . 15.0 

212 

96 

30.0 

220 

132 

. . 60.0 



Force of Ethereal vapour 
. 120.0 
. 208.0 
. 240.0 


The volume of liquid ether is extremely affected by change of tem- 
perature ; much more so than that of alcohol. The following arc the 
results of Gay Lussac’s experiments upon this subject, in which the 
volume of ether, at its boiling-point, is assumed =: 1.000. 


Cent. 

Fahr . 

Bulk. 

Cent. 

Fahr. 

Bulk. 

35.66° . 

. 95° . . 

1000.0 

6.66“ 

. . 42“ . . 

953.6 

30.66 . 

.87 . . 

991.9 

0.66 

. . 33 

948.0 

25.66 

.76 . . 

983.8 

4.33 

. . 26 

941.3 

20.66 

. 69 

975.8 

- 9.33 

. . 14 

934.5 

15.66 

• 60 . . 

968.2 

-14.33 

• * 4 « s 

928.0 

10.66 . 

. 61 . . 

960.9 

-19.33 

. . 3 

922.0 


According to Fourcroy and Vauquelin ether congeals or crystallizes 
when cooled down to —46® (Ami. de Chim,^ xxix. 289,) but neither 
Thenard nor Bussy have been able to freeze it, so that the ether used b} 
tiro former experimentalists was probably impure '^. 

When ether is inflamed it burns away with a bright and slightly 
sooty flame, leaving no residue, and producing carbonic acid and water t. 
By passing ether into a jar supplied with a jet and stop-cock, standing 


* From the experiments of Gerard it 
appears that ether passes more readily 
through a capillary orifice than water, 
and water than alcohol; the relative 
times for equal measures of each fluid at 
the temperature of 55% being 101" for 
ether, 349“ for water, and 850“ for alco- 
hol. Tlie comparative heights to which 
these three fluids rose in the same ca- 
pillary tube were = 6 for ether, 9 for 
alcohol and 13 for water. {Ann. deChim. 
et Phps., vi. 239.) 

When ether is passed over red-hot 
platinum wii'c, or eonsumed in the lamp 
without flame, an acid is produced, which 
was first examined by Mr. Danicll,(Quar^. 
Jour, cf Science and Arts^ vi. 318.) He 
obtained it by placing the lamp, filled 
with ether and properly trimmed with a 
coil of glowing platinum wire, under the 
head of an alembic, in which the vapour 
was condensed, and collected in a phial 
applied to its beak. Lampk acid^ for so he 
termed this product, is colourless, sour, 


and pungent ; its vapour is very irritating 
and its sp. gr., when purified, aboutl.015. 
It reddens vegetable blues, .and decom- 
poses the alkaline carbonates with efier- 
vescence. When added to the solutions 
of silver, gold, platinum, mercury, and 
copper, and the mixture heated, the 
metals are thrown down in the metallic 
state. On distilling lampate of mercury^ 
made by digesting peroxide of mercury in 
the acid, the lampic acid passes over in the 
form of a very dense liquid with an in- 
tensely suffocating odour. Those pro- 
perties first induced Mr. Daniell to con- 
sider this product as a peculiar acid, but, 
upon further inquiry into its nature and 
combinations, (Quar£. Jour.y xii. 64,) he 
found the acid to be the acetic, combined 
with a compound of carbon and hydro- 
gen, differing from alcohol and from 
ether, and confening upon it those pro- 
perties, in respect to certain metallic 
solutions, which have been just men- 
tioned. 
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over warm water, its vapour may be burned at the jet : if its vapour be 
mixed with about 10 volumes of oxygen it explodes by an electric spark, 
but with smaller quantities of oxygen, or with air, this combustion is 
only imperfect. 

Exposed to air and light, as in bottles which arc frequently opened, 
ether Ijgcomes less perfectly volatile, and less capable of dissolving fixed 
oil, in consequence of the formation of a little acetic acid. The presence 
of this acid is not at first apparent because it forms acetic ellier, but it 
gives the ether a peculiar odour, and in time it becomes acid to tests. 
(Planche, Ann. d(S Chlm. et Pkys.^ ii. 273). The best wav of preserving 
ether is to keep it in small wxll-stopped bottles, or even in scaled tubes, 
and in a dark place. Gay Lussac, in some very old ether, which had 
been occasionally exposed to air, and the boiling point of which was 
elevated to 130°, found an oily matter, crystallizable, and of an ethereal 
odour. According to Dbbereiner, ether w’hich has been exposed to air, 
contains 15 per cent, of its volume of nitrogen, the oxygen having com- 
bined with the other. 

Ether is soluble to a certain extent, in water, of which nine parts take 
up one of ether; and washed ether retains about a tenth part of water. 

When a little ether is introduced into chlorine, the gas is absorbed and 
peculiar compounds result, which we shall afterwards examine ; when 
bubbles of chlorine are passed into ether, they often cause inflammation, 
and when a small quantity of ether is poured into a large jar of gaseous 
chlorine, previously w’^armed, it occasionally happens that a considerable 
explosion ensues. Iodine and bromine are soluble in ether, and gradually 
react upon and decompose it. 

Ether dissolves a small quantity of sulphur, which is not thrown down 
by the addition of a little water; the sojution smells of sulphuretted 
hydrogen, and by slow evaporation deposits acicular crystals of sulphur. 
I once had occasion to saturate about a pint of ether with sulphuretted 
hydrogen gas: the solution was put aside in a well-stopped bottle for 
some months, and had then deposited small octoedral crystals of sul- 
phur. Ether dissolves more than 2 jjcr cent, of phosphorus ; the solution, 
when concentrated by evaporation, deposits crystals of phosphorus; it is 
luminous in the dark when in contact of air, and poured upon hot-water 
produces a brilliant column of luminous vapour. Exposed to air this 
solution becomes sour ; it deposits phosphorus when mixed T\dth water, 
or with alcohol. It gradually deposits a red matter, especially when 
exposed to light. 

A small quantity of sulphuric acid added to ether produces no effect, 
but a mixture of equal parts of ether and the acid, blackens, and yields, 
on distillation, oil of wine, olefiant gas, acetic and sulphurous acid, and 
water; it leaves a resinous matter and charcoal. Heated with nitric acid 
ether yields carbonic, acetic, and oxalic acids. 

Ammoniacal gas is abundantly absorbed by ether. Potassa and soda 
act feebly upon it, and give rise, among other products, to acetic acid, 
which unites to the alkali. Potassium and sodium are slowly converted 
into potassa and soda, when kept in ether, and hydrogen is disengaged; but 
the mutual action of these substances has not been accurately studied. The 
o.asily oxidablc metals, when kept in ether, such as lead, zinc, iron, and 
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tin, are, according to Berzelius, slowly oxidized and form acetates. Many 
of the salts arc also soluble in ether, such as chlorides of gold, platinum, 
iron, and uranium; the property which ether has of abstracting these 
salts from their aqueous solutions has been adverted to under the history 
of the respective metals. The fixed and volatile oils, many of the resins, 
caoutchouc, various forms of extractive, the alkaloids, and some other 
vegetable principles are more or less soluble in ether, hence ether is often 
employed in the proximate analysis of organic products, as a means of 
separating them from each other. 

Alcohol and ether mix in all proportions, and as above stalo^, the 
ether of commerce generally contains alcohol, which affects its derisity 
and its boiling-point : the means of abstracting the alcohol have been 
before mentioned. Hoffman's anodyne liquor^ and the spirit of ether of 
Pharmacy, are such alcoholic solutions. 

The following table of the density of various mixtures of ether, (sp. 
gr. 0 . 720 ,) witii alcohol (sp. gr. 0.830), is constructed from direct ex- 
periments by Mr. Dalton. 


Elhor. Alcohol. 


Sp. Or. 

Ether. Alcfihol. 


Sp. Or. 

100 4- 0 . 


. 0.720 

40+60 . 


. 0.792 

90+10 . 


. 0.732 

30 + 70 . 


. 0.804 

80+20 . 

• 

. 0.744 

20 + 80 . 


. 0.816 

70+30 . 

• 

. 0.756 

10+90 . 


. 0.828 

60 + 40 
50+50 . 


. 0.768 

. 0.780 

0+100 . 


. 0.830 


Composition of Ether. When the vapour of ether is psissed riirough 
a red-hot tube, it is decomposed with nearly the same phenomena as 
alcohol, the gaseous products consisting of carburetted hydrogen, carbonic 
oxide, and a trace of carbonic acid. 

Analyzed by passing it through red-hot oxide of copper, ether fur- 
nishes* the following elementary composition. 


Carbon . . 

. . 4 

• • 

24 

. . 64.87 

Diiniao and 
nouUay. 

. . 65.0 

Hydrogen 

. . . 6 

• • 

5 

. . 13.51 

13.8 

Oxygen . 

. . . 1 

• • 

8 

21.62 

21.2 

Ether . . 

. . . 1 


3f 

100.00 

100.0 


The specific gravity of ether-vapour has been shown to be 2.586, 
and with this, in reference to the above analysis, its calculated density is 


perfectly consistent, and is as follows 

Volumes. Sp. Or. 

Carbon- vapour 2. . . 1.687 

Hydrogen gas • • • • • 5. . . 0.344 

Oxygen gas ...... 0.5 . . 0.551 

Ether- vapour 1 2.582 


Tliese results may be stated, in other terms, as follows : — 


Olefiant gas 
Water . . 

. . 2 

. . 1 

28 

9 

Vols. 

. . 75.6 =2 . . 

, . 24.4 =1 

Sp. Or. 

1.962 

0.620 

Ether . . 

. . 1 

37 

loolo T 

2.582 
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We thus, therefore, may 
consider 37 as the equivalent 
of ether; and if we substi- 
tute 1 atom of quadrihydro- 
carbon or etherine^ for 2 of 
olefiant gas, ether will then 
be a hydrate qf etkerine^ and 14 + 0 = 23 

the conversion of alcohol into ‘ 
etHer wi8 consist in abstrac- 
ting from it 1 atoih of water : 

,views are reptesented 
in the annexed diagrams, in 
which both weights and vo-^ 
limee are evident. 

l: 


ResilUing 
volume of 
Alcoholic 
Vapour. 


S3 paits of Alcohol (by 
weight) oomfst of 


One piopor* 

One proper- 

tional of 

tional of 

OleflanfOas 

AqueousVa- 

= 14 

pour =9 


37 parts of Ether (by 
weight) consist of 


Two pro- 
portionals 
of Olefiant 
Gas 

« 

One propo^ 
tional of 
Aqueons 
Vapour=9 

14 X 2 
= 28 



28 + 9 = 37 


Resulting 
Volume of 
Ethereal 
Vapour. 


Or, assuming that view of the 
cotnposition of alcohol smd of 
cth^ which represents the 
former as a hinhydrate^ and 
the latter as a hydrate qf 
etherine^ we have 


46 parts of Alcohol, com 
posed of 


Oncpiopor- 
liotial of 
Etheimo 
= 28 

Two pro 
poltlonal^ 
oi Aqueous 
Vapoui 


9X2 
= 18 


28+18 = 46 


Resulting 

Volume 

«f . 

Yapow. 


37 parts of Ether con 
sist of 




OnopiopoF- 

One proper 

tional of 

lionnl ot 

rthenne 

Aqueous 

= 28 

Vapour = 9 


28 + 9=37 


Resulting 
% ipour of 
Ijheieal 
V ipuur. 


In either "View of the subject, it is obvious that alcohol is convertible 
into ether, by the removal of one-half of its glementary oxygen and 
hydrogen, which are in the proportions that form water. 

We have therefore the following as the formules of ether: (4 Ctt7*+ 

6 A+o), or, 9 (s car+ ih)+q, or, (4 car+4 A) + 9 . 

^ ^^S^elius has adopted another view^these subjects, to which I have 
dii^nere adverted, and which consists If regarding ether as the oxide of 
a compound inflammable hasis^ which he terms ethyle or ethule^ (from ether 
and wAfj, principle^) and which, from reference to the preceding results, 
will obviously consist of 4 atoms of carbon, and 5 of hydrogen, and be 
represented therefore by the equivalent 29, (or, 6 x 4=24+5,) and ether 
will contain 29 ethule + 8 oxygen = 37* According to this notion, 
alcohol is a hydrate qf ether^ consisting of 37 ether + 9 water = 46 ; 
hence the necessity of the discordant double equivalent for alcobol, to 
which J have alluded. 
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Theory op Etherification. In the preceding statement respecting 
the formation of ether, T have purposely avoided adverting to certain 
intermediate changes which the alcohol undergoes, and w^hich we shall 
presently proceed to examine^ in order to direct attention to the principal 
and most obvious, or final result, which is, its resolution into ether and 
water, whilst, at the conclusion of the process, the sulphuric acid remains 
unchanged. It will be evident, from the details which have been given, 
that two equivalents of alcohol arc converted into one of ether and one 
of w'ater ; or that one volume of the vapour of ether, and one volume of 
aqueous vapour, are the results of this decomposition of two volumes of 
alcoholic vapour. 

Tliis important fact, namely, that alcohol is (joiivertcd into ether hy 
the abstraction of W'atcr, or its elements, was first clearly deinonstrated hy 
Gay Lussac, who at once conceived, that the? sole ett*e(‘t and iniluence (d* 
tlie sulphuric acid consisted in this ahstractioi* of water; and th(^ w<*II- 
known attraction of that acid for water seemed to .siinction the conclu- 
sion, which was further strengtlH iicd hy th(‘ facd, that a similar ether 
might also he formed by the agencies of arsenic, phosphoric, and lluohorie 
acids, all of which, like the sulphuric, arti strongly attractive of Wiftcr 
Hut ill this explanation two circumstances were overlooked, namelv, 
first, that water may he abstracted from alcohol hy the alkalis, or by 
passing.it through a red-hot tube, and y\tt nothing like cllier is the 
result ; and, secondly, that >vater, passes over during the whole of the 
process along with the ether, with which the acid ought to combine, in 
roferoucc to decomposing or dehydrating the alcohol. 

AlitschcrJich considers the formation of ether as a case of decompo- 
silion by contact^ conceiving, that at a certain temperature, (regulated by 
the dilution of the acid,) alc^diol, on iiKTely coming into tlie couttact of 
sulphuric acid, is resolved into etJier and >vater : ho cites the decom- 
position of oxygenated water, or ])('roxi<lc of hydrogen, hy gold, silver, 
and peroxide of manganese, and tlie action of spongy platinum in 
determining the coiuhiiiation of certain gases, together with the con- 
version of sugar into alcohol and carbonic acid by the enntaef of ferment, 
as ])arallel cases; hut if tlicsc were parallel cases tliey still throw" no light 
upon that before us, and the exjdanation merely substitutes one diflicnlty 
for another. 

Tliat the mere <ilhstruclum of water from the calcohol hy the sulphuric 
acid, either in conseciuenee of its affinity, or by contact, is not the sole 
or efficient cause of the formation of ether, was shown, first by Dabit 
(^7/w. (le Chim-^ xxxiv., 289), jifterwards hy Sertuenier and Vogel, and 
subsequently hy llcnnell. {Phik Trans.^ 1826 and 1828.) Sertueitier 
found that the sulphuric acid underwent more complicated changes; and 
he called the iiew" acid, which he conceived to result from these changes, 
(Enothionic acid. Vogel afterwards found, that hy the action of the 
alcohol, the sulphuric acid lost much of its power of precipitating tlie 
soluble salts of lead; and he called the acid into which it was converted, 
Sulphovinic acuf wliioh tenn we still retain, Mr. Heimeirs experiments 
prove, that tlie mutual action of the sulphuric acid and alcohol is hmie- 

diaie Mpow mixture; lhat its saturating power is diminished; that the 
new acid forms soluble salts with baryta, and oxide of lead, and other 

4 a 
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distinct combinations*; he then goes on to show that this add, the mlpho- 
viniCf contsdns sulphuric acid and quadrihydrocarbon, or etherine ; and 
considers it as the agent by which etherine is first formed, and then so 
evolved, as to unite with water to form ether: in short, tliat in the 
conversion of alcohol into ether, the formation of su/pAovinic acid is an 
intermediate and a necessary step, and that this add is a bisulphate of 
etherine. ( 4 COT + 4 ^ + 2 5'.) 

Liebig admits that the formation of sulphovinic acid is an essential 
step in the process of etherification, but he takes a different view of the 
nature of that acid, and considers it as a compound of 2 atoms of anhy- 
drous sulphuric acid, 2 of water, and 1 of etherine; or, assuming alcohol 
to be a binhydrate of etherine^ and its equivalent 46, he regards sulpho- 
vinic add as a bisulphate of alcohol +. Adopting this theory, we assume 
that the formalion of sulphovinic acid is the consequence of the mutual 
action of alcohol and sulphuric acid upon each other, at a given temperature^ 
which temperature is ensured by the state of dilution of the mixture of 
sulphuric acid, alcohol, and water: if the acid be too dilute, the temperature 
at which the mixture boils is not high enough to form the sulphovinic 
acid, and alcohol passes over unchanged; if it be too concentrated the 
temperature is 4oo high, and the alcohol is decomposed, and olefiant gas 
is formed ; it is between these extremes that the formation of sulphovinic 
acid ensues; and the mixture most favourable to it, as appears from 
Mitscherlich*s statement (p. 1083), consists of 100 parts of common sul- 
phuric acid, 20 of water, ^iiid 50 of anhydrous alcohol. 

Now, these proportions are very nearly equivalent to 1 atom* of 
common sulphuric acid, 1 of -water, and 2 of alcohol ; or, if we double the 
atom of alcohol, for the convenience of representing it as a hinhydrale (f 
etherine (see p. 1080), 2 atoms of ankydr’ous sulphuric acid = 80, 2 of 
Avater = 18, and 1 of alcohol = 46; now these proportions of sulphuric 
acid and alcohol are, in themselves, exactly such as would form mlpho- 
vinic acid ; so that we need only suppose them to be subjected to the 
proper temperature for that purpose ; and not only is such temperature 
obtained by Mitscherlich*s method of proceeding^ but it is kept up during 


• The immediate change in the sul- 
phuric acid is rendered evident by tluj 
following experiments: 440 grains of 
sulphuric acid were mixed with an equal 
weight of alcohol, si)ccific gi-avity ,820 ; 
the mixture, when cold, was diluted with 
water, and saturated by carbonate of 
soda, of which it required only 398 
grains ; whereas 440 grains of sulphuric 
acid saturated 555 grains of the same 
carbonate: here, therefore, two-sevenths 
of the acid seem to have been saturated 
by, or to Imve entered into some new 
combination with the alcohol. 

440 grains of sulplmric acid were mix- 
ed, as before, with its weight of alcohol, 

and the mixture poured into a solution 

of acetate of lead ; 542 grains of sulphate 
of lead only were precipitated; whereas 
the same quantity of sulphuric acid not 


acted upon by alcohol, threw down 13i:t 
grains of sulphate of lead, so tliat four- 
sevenths of the acid had lost its power 
of precipitating oxide of lead. 

Vogel and Gay Lussac have attributed 
this loss of saturating power to the for- 
mation of hyposulphuric acid; and they 
regard the hyposulphatcs and sulpho- 
vinates as only differing in the latter con- 
taining ethereal oil, which in some way 
acts the part of water of crystallization. 
But that this is not a correct view of the 
phenomena will appear from the follow- 
ing experiments on the nature of oil of 
wine, and of sulphovinic acid. 

-j- We have seen above that hydrocar ~ 

under certain circumHtancos, per- 
forms the part of a hose (p. 494.) Liebig’s 
view therefore, of sulphovinic acid, repre- 
sents it as a hy drated bisulphate of ether ine. 
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the experiment, and, at the same time, the continuous supply of alcohol 
furnishes materials for the constant formation of sulphovinic acid; and the 
sulphovinic acid (consisting of 2 atoms of sulphuric acid, 2 of water, and 

1 of alcohol, 23.x 2) is no sooner formed, than it is resolved into 
sulphuric acid, ether, and water; ether being formed by subtracting 

2 atoms of anhydrous sulphuric acid and 1 atom of water from 1 atom of 
sulphovinic acid. 

It now only remains briefly to recapitulate the above statements 
respecting the ultimate and proximate, or llieoretical, composition of 
alcohol and ctlier, in order to see their mutual bearings; and for this 
purpose I have represented them in the following table: 

Alcxjhol. 


Carbon . 

Atoms. 

. . 2 . 

Equivalent 

Weights. 

12 

Carlwii . 

Atoms. 

. 4 

Equii-aliMit 
Weights. 
.. 24 

Hydrogcir 

. . 3 

3 or. 

Hydrogen 

. 6 

6 

Oxygen .. 

. . 1 . 

8 

Oxygen . 

. 2 

.. 16 

A Alcohol . 

. . 1 

23 

K Alcohol . 

. 1 

46 


Kqvt. 

Atoms. Weights. 

CarlK,n 2 ... 1 

1 


l lydrojjfoii 2 

Dd. 1 . 

Oxy|]fou i , 

' Alcohol I 


Kqvt- Kqvt, Kjjvt 

Atoms. Weights. AUttns. Wght. Atoms WgUi 

Carbon 4 ... 24 


y I Water 
~2:i 


, J \.yaruuil 4 . . . Z4 1 Xli . 1 . , 

, Hydro,^..4 ... 

' n*" O ■■ jrlW"'*'’ 2 

Oxyg.'ii 2 ... 16 J 

1 ... 211 n Alcohol 1 46 Alcohol 1 


9 


2ii 


1» 


40 


Carbon , 
Hydrogen 
Do. . . 
Oxygen . 


K lather . 




EtHKvI. 

Equivalent 

Weights. 



Atoms. 


Carbon . 

.... 4 

24 


Hydrogen .... ft 

ft 


Oxygen . 

.... 1 

8 

E 

Ether . 

.... I 

87 


£(iuivalent 


Equivalent Equivalent. 

Atoms. 

WiMghts. 

Atoms. 

Weights. Atom.'* Weights, 

. 

. 4 


Olefiant gas 2 

, 28} Etlieriiio 1 ... 28 

. 1 

. 1 

a} 

Water . 1 

9 } Water 1 ... 9 

. 1 

87 

Ether , . 1 

37 Ether . 1 37 


Etiisr. 

Eqvt. 
Atoms. Wght, 


Eq\t. 
Atoms. Wght. 


Carlwn 4 ... ^ 

Hydrogens ... 

Oxygen I ... 8 } Oxygen 1 ... 8 


Atoms. 
Carbon 4 
Hydrogen 5 
Oxygen 1 
Do. I 
Hydrogen 1 


Atoms. 


Alcohol. 

Kqvt. 

Wght. 

.. 24 j 

.. 5 ; Ether 1 

.. 81 


Eqvt. 

Wght. 

37 


“[water 1 ... 9 


«j Ether 


1 37 Ether 1 37 H Alcohol 1 46 Alcohol I 


46 


A and B show the ultimate elements of alcohol, in reference to ite single and to its 
double equivalent ; represents alcohol as a hydrate qf olefiant gas in reference to the 
ctiui valent a 5 ainl i> a» a binhydratc etheHne in reference to the equivalent B; 
E shows the ultimate elements and equivalent of ether; p represents it as a dihydrate 
of olefiant gas, or as a hydrate qfetherine; g exhibits ether as an oaide qf ethule; and 
H alcohol as a hydrated oxide qf ethule^ or a hydrate of ether ^ 

. o 
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§ XXIII. Combinations op Ether, and op Etherine or Quadrieiydro- 

CARBON, WITH THE OxY-AClDS. 

1. Oil op Wine; Heavy Oil op Wine ; Sulpha tic Ether ; Sulphate 
of Hydrocarbon. When the distillation of a mixture of sulpliuric acid 
and alcohol is carried beyond the point at which ether ceases to come 
over, a portion of a liquid, looking like oil, is obtained, to which the 
above names have been applied ; when washed, it has a bitter aromatic 
flavour. It has long been known under the name of oil of winc^ and was 
formerly regarded as analogous in composition to the volatile oils. In 
endeavouring to determine the ultimate elements of this oil, by passing 
it over red-hot oxide of copper, Mr. Hennoll always obtained sulphurous 
acid^ and a solution of sulphate of copper on washing the oxide he had 
used, notwithstanding every precaution had been taken to free the oil 
from all adhering acid. A few drops of the oil were added to a solution 
of chloride of barium, and gently heated, but no cloud was produced, 
although litmus-paper indicated the presence of free acid ; on evaporating 
the mixture, however, a precipitate fell as it became concentrated; and, 
on boiling to dryness, sulphate of baryta was found in the residue. It 
appeared, therefore, that the sulphuric acid was in some state of combina- 
tion which prevented its usual action upon tests ; or that its elements were 
in some peculiar state of firrangement in the oil of wine. Mr. Ileniiell 
made some experiments to determine the quantity of sulphuric acid thus 
elicited, from which it appeared, that 100 grains of the oil of wdneaflTorded 
about 38 grains of sulphuric acid. His previous experiments had shown 
him that hydrogen and carbon were also elements of oil and wine ; and, 
having determined their proportions by distillation through oxide of 
copper (adhering moisture and acid having been removed from tln^ oil of 
wine by quicklime), he obtained from 100 grains (mean of several expe- 
riments) 8.30 hydrogen and 53.70 carbon; which appeared to indicate 
the composition of oil of wine to be 62 hydrocarbon^ -4- 38 sulphuric acid. 
It will be observed, that, as respects the carbon and liydrogen, the relative 
proportions nearly approximate to 6 and 1 . Mr. Hennell observes, how- 
ever, in regard to the above experiments, that we can only infer from 
them the composition of the hydrocarbon combined wilh and neulralizing 
the sulphuric acid; for tliat oil of wane dissolves a variable quantity of 
hydrocarbon, part of which separates in a crystalline form when the oil 
is kept for some time, or when exposed to cold. Having thus far deter- 
mined the composition of oil of wine, its action upon heated solutions of 
chloride of barium, and chloride of potassium, was more particularly 
examined ; it having been already observed, that in those cases an acid is 
evolved, which does not precipitate baryta. Two hundred grains of oil of 
wine were gently heated with 6 ounces of water for an hour; precipitated 
carbonate of baryta was then added, which dissolved, with effervescence, 
to the amount of 90 grains: the solution, filtered .and set to evaporate, 
became acid, and deposited sulphate of baryta. The experiment, there- 
fore, was repeated; but instead of evaporating the barytic solution, it was 
precipitated hy carbonate of potassa, and filtered. The filtered solution, 
evaporated at a temperature not exceeding 1 50°, remained neutral^ and 
afforded lamellar crystals, greasy to the touch, very soluble in water and 
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alcohol, burning, when lieatcd, with a flame like that of ether, and leaving 
an acid sulphate of potassa. To determine the composition of the crystals, 
20 grains were heated to redness, and left a residue of 10.56 grains of 
sulpliate of potassa, equal to 4.Q sulphuric acid, and 5.76 potassa. 20 
grains were dissolved in a solution of caustic potassa, boiled to dryness, 
heated red-hot, and, when cold, dissolved in distilled water; the excess 
of potassa was then saturated by nitric acid, and the solution added to 
one of chloride of barium ; 28 grains of sulphate of baryta were obtained, 
neiirly equal to 9.6 of sulphuric acid: the salt, therefore, contained twice 
the quantity of sulphuric acid required to form a neutral salt with the 
potassa, or two proportionals. The remaining elements of the salt were 
deterniined by Jieating it with oxide of copper, from which it appeared 
that the components of 100 grains are, potassa 28.84, sulphuric acid 
48.84, carbon 1.8.98, liydrogen 2.34, water 7 - These numbers may be 
considered as indicating 


1 proportional of potassa . 

. 

. = 48 

2 

55 

Hulphiiric acid 

. 

. . = 80 

4 

carbon . 

, 

. = 24 

4 

hydrogen 

• 

. = 4 

158 


Mr. ITenncll proceeds to show that the salts obtained from oil of wine 
arc identical y\it\i the sulphovinale,^ procured from the mixture of sul- 
j)huric acid and alcohol ; the suiphovitiic acld^ therefore, must be re- 
garded as a compound of t^vo proportionals of sulphuric acid, and one of 
hydrocarbon, (consisting of 4 projmrtionals of carbon := 24, and 4 
liydrogen = 4 ;) and corresponding, tlierefore, to the quadrihydro- 
carboii or ctherine^ above described. (1*. 489.) This acid, however, has 
the proptu’ty of neutralizing single proporlionals only of bases; so that 
one proportional of tliti sulphuric acid appears to be neutralized by the 
liydrocarbon, furnishing an analogous instance to the sulphonaphthalic 
acid already nicmtioned. (P. 493.) 

When sulphovinatcs are formed through the medium of oil of wine^ 
a portion of quadrihydrocarbon is thrown off, amounting to half that 
which is contained in the oil ; now, as oil of wine is a perfectly neutral 
compound, it may, in fact, be regarded as a sulphovinate of elhcrine^ 
wdiicli in it performs the part of a base ; and we may regard it as com- 
posed of 


Sulphuric acid . 

. 2 

80 .... 

. 2 

80 

(Carbon . . . 

Hydrogen . . 

. 8 

. 8 

"^glEthorine 

. 2 

56 

Oil of wiiio . . 

. 1 

130 or 

1 

136 


8uch is Mr. Ilennelfs view of the nature of oil qf wifie, and it ob- 
viously also includes that of sulphoviiiic acid, which he considers as a 
compound of sidphuric acid, with half the above quantity of hydro- 
carbon, or 


Sulphuric acid . 

. 2 

80 .... 

. 2 

80 

Carbon .... 

. 4 

’ * ^^lEthcrine 

. 1 

28 

Hydrogen . . . 

. 4 

. . 4i 



Sidphoviuic acid 

. 1 

. . 108 

. 1 

. 108 
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The part which the sulphovinic acid performs in the generation of 
ether, I have already explained, and Mr. Ilennell has shown, in the papers 
which I have quoted, not only that ether may be obtained from the sul- 
phovinic acid as it exists in the sulphovinates, by combining its hydrocarbon 
with water, but also that by doubling the water, it yields alcohoL 

Serullas prepares this oil of wine as follows {Ann. de Chim. et Phys,^ 
xxxix., ] 53.) He distils a mixture of 1 part of alcohol, and 2.5 of con- 
centrated sulphui-ic acid ; a little ether is first formed, then a yellow oil, 
accompanied by an aqueous acid liquor; the oil is separated, washed 'in 
cold water, and then transferred to the receiver of the air-pump, where it 
is placed by two capsules, the one containing sulphuric acid, the other 
fragments of potassa ; in this -way it gnulually losc‘s the sul])hurous acid, 
water, alcohol, and ether, w'ith which it was mixed in its original state. 
It then varies much in colour, becoming green and blue whilst in vacuo, 
but yellow when exposed to air ; it has a penetrating aromatic odour, 
and a cooling bitterish taste ; it is soluble in silcohol and ether, but not 
in water; its specific gravity is 1.133. 

On referring, however, to the .uialysis of this oil, as given hy Seiul- 
las, Liebig, and Dumas, it evidently differs in composition from that 
examined by Hennell ; Dumas, indeed, states that it ^vas not ol»taiiit‘il 
twice alike, but he presumes that it contains the true sulphate of hy<lr'v 
carbon, or sulphatic elher^\ which, he says, should contain 


Sulphuric acid 

Carbon 

Hydrogen 

Oxygen 

Heavy oil of wine, sulpliate of liy- \ 
drocarbon, or, sulphatic ether f 





Diniiiis. 

1 . 

. 40 

. ^2.0 . . 

r.l.O 

4 . 

. 24 . 

. :ii.2 . . 

li i .a 

5 . 

. b . 

fi.r) . . 

0.0 

1 . 

. « . 

. io.:i . . 

10. 1 

1 . 

77 

. uxi.o . . 

100.0 


The other cliaracters of this oil are stated to be as follows : boiled 
with water, it is gradually converted into ? 5 ulphoviiiic acid and alcohol, 
and an oily hydrocarbon^ lighter than water ; when the* boiling is long 
continued, the whole of the sulphovinic acid is destroyed, nnd sulphuric 
acid, alcohol, and the light oil, arc the products. Heated with alkaline 
solutions, the heavy oil of wine is converted into a sulphovinatc ; and the 
light oil, and probably alcohol, are given off. Potassium is not acted 
upon by it without heat, when sulphuret of potassium, and sulphate of 
potassa are formed. 

Light oil of wine, given off from the heavy oil in the above-men- 
tioned processes, has a specific gravity =: 0.917 to 0.920; it resembles 
olive oil. When shaken with water, and exposed in a cold place, it gra- 
dually deposits a crystallized substance, which, dried upon blotting-paper, 
is tasteless, friable, aromatic when heated, specific gravity ==.980, fusible 
at about 230° (110 cent.), and volatile at 500° (260° cent.) 

There can be little doubt that this is the hydrocarbon of oil of wine, 
above analyzed by Hennell, and which SeruUas also found composed of 
. hydrogen and carbon in the ratio of 1 to 6. 


• Dumas observes that it should pro- 
perly be tenned sulphuric ether, but to 
avoid the confusion that would arise in 


consequence of the application of that 

term to ether, ho mod^es it as above. 
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II. SuLPiioviNic Acid. The composition, production, and some of the 
properties of this acid have been necessarily included in my account of 
ether ^ and from the preceding statement, founded on Hennelfs researches, 
it may be represented in its anhydrous state, as a compound of 2 atoms 
of sulphuric acid, and 1 of ctherine. 

Hydrated sulphocinic acid may be obtained by decomposing sulpho- 
mnate of lead or of haryta hy sulphuric acid, or the former by sulpliu- 
retted hydrogen ; it may be concentrated by the usual process in vacuo^ 
toking ciirc to avoid the production of sulphuric acid. In this sfcite it is 
a colourless, sour liquid, specific frravity := 1.3U) ; it is decomposed by 
a gentle heat ; it dissolves in all proportions in water and alcoliol, but is 
not soluble in ether ; chlorine is apparently without action upon it, but 
nitric acid soon produces sulphuric acid in it ; boiled with winter, it yields 
sulphuric acid and alcohol ; all its salts are soluble, and most of them 
easily crystallizable ; so that in reference to hydrated sulphovinic acid 
(containing 1 atom of anhydrous acid = 100 + 2 atoms of water = 18) 
it would appear to be formed by the action of 4 atoms of protohydrated, 
or -ommon liquid sulphuric acid, upon 2 atoms of alcohol (23 X 2 = 46*) 
in such a way that 2 ato.:is of anhydrous sulphuric acid unite to the 
elements of the 2 atoms of alcohol, whilst the remaining 2 atoms of sul- 
phuric acid become bi-hydrated. Thus we have 4 (S^ + Q^) + (2 COLT 

+ 3^4-0) producing ( 2 S' + 4 COLT + 6 A + 2 O) + 2 (S^ 4- 2 (f). Here 
again hydrated sulpliovinic acid presents itself as a sulphate of alcoliol, 
or as a compound of 2 atoms of sulphuric acid, 1 of quadribydrocarbon, 
and 2 of water. These statements are therefore as follows ; 


Sulphuric acid 2 

Carbon 4 

JTydrogen 0 

Oxygen 2 



1 atom anliydrous | 

rr sulphovinic acid 108 /1 26 

2 atoms water • 18; 


Hydrated sulphovinic acid . 1 , . 126 


Siil])liiiric acid • 

2 

Cai-boii . . . 

4 

Hydrogen . . 

4 

Do. . . 

2 

Oxygen . . . 

2 


80 ... 2 

^^jKtherinc 1 

1 ^} Water . 2 


«0 . . 

2 . 

. 86 

[Alcohol 

2 . 

. 46 





Hydrated sulpho-l i . . 126 . . . . 1 . . 120 . . . 1 . . 12C 

phovinic acid ’ 

SuLPHOViNATES. Wc are indebted for the first accurate analysis- of 
these curious salts to Mr Ilcnnell; they are soluble in water, and many 
of them in alcohol, by which they are separable from their corresponding 
sulphates. When heated, they arc decomposed with varying phenomena, 
dependent upon the temperature to which they arc submitted, and the 
nature of the base. At a high temperature, they bum, and leave a 
carbonaceous residue, containing a bisulphate, or a mixture of a sulphate 
and sulphuric acid. Only a few of the sulphovinates have been minutely 
described, but they are an interesting class of salts, and some of them 
highly deserving further examination: the sulphovinate (jf amnumia espe- 
cially deserves to be studied. 

The sulphovinates are generally obtmned by heating a mixture of 
equal weights of alcohol and sulphuric acid, and when cold diluting and 
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saturating it with carbonate of lime, baryta, or lead, when soluble sul- 
phovinates, and insoluble sulphates of those bases are formed, and may be 
separated by filtration and crystallization. From these salts tlie other 
sulphovimites may be obtained, either by double decomposition by the 
soluble sulphates, or by liberating the sulphovinic acid by sulphuric acid, 
and then saturating with the required bases. 

SuLPHOViiNATE OF PoTASsA. (V + Sulv^.) This Salt, which has 
idready been adverted to, forms micaceous crystals, like those of hydrated 
boracic acid; of a greasy feel and bitter taste. From its composition 
above given, together with its w'ater of crystallization, it ajjpears to 
contain, 


Potassa . . 
Sulphuric acid 
Etherine . . 

AViiter . . . 

Crystallized sulpho- 
viuatc of potassa 


. 1 . 

. 48 

. . 29.0 

. 

1 . 

48 

2 

. 1 . 

. 80 

. 28 

. . 48.5) 

. . 17.0/ 

S^idphorinic acid 

1 . 

. 108 

. 1 . 

9 

5.5 

. 

1 . 

9 


ItlTi 

100.0 


1 

185 


SuLpHoviNATE OF 8oi>A. (S + SlllvL) Yields efflorescent crystals 
of a bitter taste, soluble in 2 of cold and 1 part of l)i>iling water, and con- 
taining 1 atom of soda, I of sulphovinic acid, ami of water. 

SrLPifovixATE OF Bauyta. (B 4 - Sulv^.) Forms permanent square 
tabular crystals, readily soluble in water and insoluble in ah-ohol, 
containing. 


Ilaryta 

1 

77 

:i8.:t 

JSulj)hoviiue acid . . 

1 

108 

51.0 

Water 

3 

27 

12.7 

Crystallized sulpho- i 
viuate of barvta. f 

1 

212 

1<»0.0 


When this salt is dried in vacuo, or at a temperature of 104*^, it loses 
1 atom of its component wat<‘r. 

SiJLPHoviNATE OF LiME. (C -f By slow cvaponitioii this 

salt forms quadrilateral taldes, very soluble in water and alcohol, and of a 
slightly sweet taste ; and which by desiccation in vai*uo lose 2 atoms of 
their constituent water: wlieii cautiously distilled it yields oil of wine. 
This salt consists of 


Tame . . . . 

1 . 

. 28 

. 17.2 

Sulphovinic acid 

1 . 

. 108 . 

. 88.2 

Water , . . 

3 . 

. 27 . 

. 18.8 

Crj^stallizetl sulpho-) 
vinate of lime. / 

1 

183 

100.0 


Bulphato of lime 

1 

. 88 

. 41.7 

Bulpluiric acid . 

1 

. 40 

. 24.5 

Etherine . . . 

1 

. 28 

. 17.3 

Water .... 

3 

. 27 

. 18.5 


1 

163 

1(H>.0 


Sulpjiovinate OF Lead. (Pl + Sulv^) 'This salt forms a deliques- 
cent saline mass (Vogel) silky crystals (Dumas) extremely soluble both 
in water and alcohol. 

SuLpnoviNATE OF CoppEK (Cu + Sulv^) formed by dissolving carbo- 
nate of copper in sulphovinic wid, yields large blue tabular crystals, very 
soluble in w'ater, and soluble in alcoliol. It is not precipitated by 
chloride of barium: when heated a little above 212^, as when long boiled 
in \vat<.*r, it passes into sulphate of copper. This salt is easily formed by 
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adding sulphate of copper to sulpliovinate of baryta. It probably contains 
3 atoms of water. (Dumas.) 

JII. Etheho-sulphuric Acid; Ethionic Acid. (ETn+ 2 S'.) When 
the vapour of anhydrous sulphuric acid is slowly introduced into absolute 
alcohol, kept at a low temperature, an oleaginous liquid is formed, and no 
gas evolve-"’ if too little alcohol has been used, crystals of sulphuric acid 
form, which redissolve when alcohol is added. The liquid, when mixed 
with w'ater, does not heat, and on saturating the solution with baryta, 
abundance of sulphate of baryta is formed, together with a soluble salt of 
baryta, which must be evaporated in vacuo. This salt contains sulphuric 
acid, but it is not sulpliovinate of baryta, for it is neither soluble in 
alcohol nor crystallizable ; nor does it yield oil of wine when distilled. 
It contains according to Magnus (Ann, de Chim. cl Phy.s.^ Lii. 155.) 


Sulphuric acid . . . 

2 

80 

41.2 

Ihiryta 

1 

77 

30.0 

Carbon 

4 

24 

12.4 

llvdrogen . . . . 

4 

4 

2.6 



1 

0 

4.2 

Ktliiuiiatc of Baryta 

1 

194 

100.0 


According to Magnus the acid contained in this sidt is constituted of 


Sulj»huric acid 

2 

«0 

(:8.4 

Etlu*riiu.» . . 

. . . 1 

28 

23.9 

Water . . . 

. . . 1 

9 

7.7 

VUhioiiic acid . 

... 1 

117 

100.0 


It is, tlicrcforc, a hydrated bisulphate of ctherine ; whilst sulphoviiiic 
acid is an anhydrous bisulphate of ethcrine ; or it is an anhydrous bisul- 

i.iiiiti- of otiu-r! ( 3 S' + 4 car ^ & A + o.) 

By partially decomposing ethionic acid by heat, ^Magnus obtained an 
isomeric acid which has been termed isoth'wmc add : the salt which it 
forms with baryta, resembles the ethionatc of that base in ultimate com- 
position, but dilVers from it in its proportion. 

According to Dumas, the existence of these distinct acids, namely, 
the sulpliovinic, ethionic, and isothionic, resulting from the mutual action 
of sulphuric acid and alcohol, was anticipated by Sertuerncr, under the 
terms of prot ethionic. dent ethionic. and trit ethionic acids. (Ann de Chim. 
et /V///.y., xiii. (i2.) 

IV. PiioMMioviMc Ann; KTiirHorHoseiiniiic Aein. It w'as ascer- 
tained many years ago by Boullav, that jdiosjdioric acid might be sub- 
stitntt'd for sul[»huric, in the formation of ether, and Lassaigne found that 
an aciil analogous to the sulpliovinic was so formed ; the further investi- 
gation of this subject has been pursued by Pelouzc and by l/udiig, (Ann, 
de Chim. et Phy.K.. hii. 37, and uv. 31.) 

Et hero-phosphoric Acid is obtained by the careful decomposition of 
t he ( thei ojiliosjdiato of baryta by sulphuric acid, or of the etlicrophosphate 

of l(‘a<I by sulpliuretttHl hydrogen ; it is concentrated, first by ordinal^ 

i*vaf>oration, and then in vacuo. It is then of an oleaginous consistence, 
<*oloiirlcss, inodorous, very sour, and soluble in w’ater, alcohol, and ether, 
in all proportions. When much diluted it is not decomposed by con- 
tinued boiling ; but when concentrated, a temperature of 212® gradually 
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resolves it into ether, alcohol, hydrocarbon, and a mixture of phosphoric 
acid and charcoal. Its concentnited solution affords crystals: it coagu- 
lates albumen ; and has the same properties whether prei)ared from phos- 
phoric or from parapliosphoric acid. AVHien diluted, it dissolves zinc with 
effervescence, and expels carbonic acid from its combinations, forming 
salts which tor the most part arc soluble. Pelouze regards this acid as 
analogous to the sulphoviiiic in its atomic composition, or as a compound 
of phosphoric acid and alcohol; but from Liel»ig*s analysis it apj)ears to 
consist of phosphoric iicid etheriiie and water, luid tlu*refore, resembles 
the ethionic acid. 

Tlic cr}’stallized et hero-phosphate qfbari/ta includes 12 atoms of water, 
which may be expelled by heat and the anhifdrous etlu'ro-phosphate 
remains; although this salt has been analyzed by Pedouze and Liebig, the 
results «are not satisfactory as relates to the composition of the acid. 

V. NiTRors Ether. Hypoxitroi s Ether. The production of an 
ethereal fluid by the mutual action of nitric acid and alcohol is said to 
have been remarked by Paracelsus and afterwards by Kunckel, but it was 
forgotten till rediscovered by Xavier, in 1742. (Xavier and fJeoftroy, 
Mem. de tAcad, de Paris. 1742.) It was subsequently studied by 
Thenard, (3/c/w. d Arcueil. i., 7«”^ and IkV.l.) and more recently by Dumas 
and Boullay, (Ann. de Chini. el l^hifs.^ xxxvii., 19.) 

^lany processes have been published for the prepanition of this ether, 
(see Dumas, Ch. App. aux ./r/.y., v., and Thomson, fnoris. ('hem.., 
ii., 317;) among them, the following, suggested by Tluuiard, is the h'ast 
objectionable. Introduce into a suflicicuitly capacious tubulated ndort 
equal weights of alcohol (specific gravity .329) and of nitric acid of 
commerce (specific gravity 1 .30), and connect it with five Wolfe s bottles, 
the first of which is empty, and the remaining four half-filled with a 
sJiturated solution of salt in water. Apply a gentle heat to the retort, 
till the liquor begins to effervesce ; then withdraw the fire, and the 
vapour passing through the bottles, which should be k<‘pt cold by a 
mixture of ice luul salt, d(;posits the ether upon the saline solution. 
In performing this experiment, the retort should not be more than one- 
sixth filled with the mixtun* of acid and alcohol ; and cold water or 
other meiins should be at hand to cool it, if reejuired, in order to subdue 
the violence of the effervescence. The alcohol should hr iirst poured in, 
and then the acid, and not mixed hy agitation. If the materials are 
Avarm, the acid fuming, and the alcohol of proper strength, tin? action 
often begins immediately upon mixture, with a cnicking noise, escape 
of air-bubbles, and great effervescence, so that, notwithstiinding the size 
of the retort, its contents are very apt to pass over into tins first rcc<*ivcr, 
and it is often burst ; this may generally be prevented by applying a wet 
cloth to the retort. The tubes through Avhich the vapour is to pass 
should not be too small, for, in consequence of the suddenness and 
abundance of its extrication, it requires a ready means of escape : indeed 
the whole process requires much management and caution, and is most 
successful when conducted upon rather a small scale in a large retort ; 
with firom 3 to 400 grains 6( alcohol and acid for instance. 

When the effervescence has entirely ceased, the residue in the retort is 
found to be equal in bulk to less than one-third of tlic materials employed : 
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the first bottle contains an acid mixture of alcohol, water, and nitrous 
ether; but the bulk of the ethereal product is found. upon the cold siiline 
solution of the second bottle a little also passes into the third bottle. 
'fh<^ ethereal products are* collected, digested with powdered lime, and 
redistilled into a receiver cooled by ice : not more than 100 parts of 
reclijicd ether are usually obtained from 1000 of the mixture of acid 
and alcoliol. 

Besides the ether, many other products are the result of this operation, 
such as nitrogen and its oxides, nitrous acid, carbonic acid, and traces of 
acetic acid and acetic ether: oxalic acid sometimes is found in the 
contents of the retort. 

Nitrous etlier has the following properties. It has a slightly-yellow 
tint, and a peculiar odour, which, w'hen much diffused, is not unlike that 
of ripe apples ; its specific gravity 0.1180 at 40°. It is extremely volatile, 
l)oiling under mean pressure, at a temperature of about 70°, so that at 
summer-heat it is apt, on removing the stopper of a bottle containing it, 
to evaporate very rapidly, and tven to enter into spontaneous ebullition ; 
drop])ed iij)on the hand it instantly disa}»pears and excites great cold ; it 
is very inliaminable, burning with a yellowish flame, and leaving no 
pcrceptil)lt^ residue ; when recent, it has no action on litmus, but in a 
lew days it becomes perceptibly sour, especially in the presence of mois- 
ture and light. Mixed with water, a part is dissolved, and another part 
decomposed, forming nitric acid, and giving oft’ nitrous gas ; mixed with 
solution of potassa it soon forms hyponitritc of potassa, alcohol, and 
traces of aciftatt^ of potiissa. It is without action on ammonia. 

"J’here are various modes of viewing the composition of this and 
similar ethers : as concerns ultimate components, they are as follow s : 


Carbon . . 

.4 

24 

82.00 

Dunuis and 
lk.iiUay. 

32.09 

llydnvgen . 

.5 

5 

(i.07 

0,85 

Oxyixfii . . 

,4 

82 

42.07 

41.40 

Nit root'll . . 

. 1 

14 

Ib’.OO 

. . 19.00 

Nitrous ether 

. 1 

7o 

KKi.eo 

KW.OO 

I’hesi* elenn'iits are 

Kthule .... 

equivalent to 

1 . . 20 . . 

,88.8 ) 

Ether . . 1 

. . 87 . . 49.4 

Oxyg«*ii .... 
Uypoiiitrous aeul 

1 . . 8 . . 
1 . . . . 

10.8 J 
50.0 

.... 1 

. . 88 . . 50.0 

Nitrous ether . . 

T 7o 

100.0 

or 1 

75 100.0 

Or they may be represented by 
Olefiant inis . . . 2 . . 28 . 

. 87.8 

Etlieriue , 

. . 1 . . 28 

Water 

1 . . 1) . 

. 12.0 

Water . . 

. . 1 • . 9 

I! vponitrous acid . 

1 . . 88 . 

. 60.7 

Uypoiiitrous acid 1 . • 38 

Nitrous ether . . 

"T 70 

100.0 

or 

1 75 


It is obvious from the preceding statement, that this ether may be 
theoretically regarded either as a h^ponUrite of oxide of ethule (fith^Q 
+ n), or htfponUrite of ether (ExH+n), or as a hydrated hyptmi^ 
trite of etherine^ ^ +9)' composition of the other 

lathers of this chiss admits of similar hypothetical representation; the 
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simplest view of tlie subject is that which regards them as salts of the 
oxide of ethtile, or combinations of ether jvith the acids. 

VI. Oxalic Ether. This compound was discovered hy llergraan 
{Opiisc. Chim. Phijs.^ i.), it was afterwards examined by Theiiard, {Mem. 
d'Arcneif ii. 11.,) and its principal properties shown by Dumas and 
Houllay in their excellent researches on ethers. {Ann. de Chim. et Phys.^ 
xxxvii., and liv.) It is prepared by distilling 1 part of alcohol, 1 of 
oxalic acid, and 2 of sulphuric acid; alcohol and sulphuric ether pass over, 
and then an oil-like liquid which collects at the bottom of the receiver, 
and which is oxalic ether : it must be separated from the supernatant 
liquid, and poured into a glass of water ; it often floats at first, but as 
the sulphuric other which it contains, gradually evaporates, it falls in 
drops to the bottom. On adding the alcohol in the receiver, or a fresh 
portion of alcohol to the residuary contents of the retort, a fresh portion of 
oxalic ether may bo obtained, and this may even be rep»‘at(‘d a third time: 
the different portions of oxidic ether thus obtained are mixed, and purified 
by boiling with powdered litharge, till its boiling-point attains 11(5(1^ 
(18^1*^ or 184^ cent.\ when it becomes stationary: performing this operation 
in a flask with a short iK'ck, the water, sulphuric (‘ther, and alcohol, pass 
off in vapour, and the excess of acid is retained by the oxide of lead; 
the oxalic ether is then decanted into a clean dry n‘tort and redistilled. 

Oxalic ether, thus prepared, is of specific gravity = 1.01)21) at 45^: 
it boils at 300^, at mean pressure, yielding a vapour of low t(*nsioiv the 
density of which is o.08: its odour is aromatic, with a slight taint of garlic 
or phosphorus ; it is soluble in alcohol and ether, and very sparingly so 
in water. When dry, it may be long pr(*served without ilecomposition ; 
but when humid, it is soon resolv<Ml into oxalic acid and alcohrd ; th(^ 
hydrated alkalis immediately effect this change, becoming oxalates, and 


evolving alcohol. 

It consists of 







a:if! 






nutjlliy. 


S|). «;r. 

Carbon . . 

fi 

. :ui . 40.31 

. 49.7=C/arlion Viii>oiir , 

. . 3 

. 2.r»3 

Hydrogen • 

«5 

. o . 

. 8.rj:=rHy(lrogen^!US 

. . 5 

. 0.34 

f)xy<'en . . 

4 

. 32 . 43.84 

. 43 8 = Oxygen . 

*2 

2.22 

Oxalic ytlicr 

1 

73 KMl.OO 

100’0= V'^apour of* oxalic 

ether 1 

:ma)U 

Or, it mj\y be represented as 




Ether . . . 

1 

. 37 . tidm 

_ f Etherine . . I . 
(Water . . . I . 

28 . 

9 , 

38.30 

12.32 

Oxalic acid . 

1 

. 30 . 49.31 

OxjJic acid . . 1 , 

. 30 . 

49.31 

Oxalic ether 

1 

73 100,00 

Oxalic ether . 1 

73 

lOO.lM) 


1 fence we h.avc ( f^CdT+ah +4 0) = (Etii -f O.r') = oxalic i^ther. 
llie conversion of this ether into alcoliol and oxalic acid by the action of 
hydrated potassa or soda, depends upon the combination of the ether 
with an atom of water, at the moment of its evolution; or assuming 
oxalic ether to be a hydrated oxalate of etherine, it is equally obvious tliat 

an additional atom of water would convert the etherine into alcohol. 

When a current of dry aminoniaeal gas is passed into anhydrous 
oxaVic ether, heat is evolved, and a solid ci>mpound is at length formed, 
which, dissolved in boiling alcohol and filtered, yields silky crystals on 
cooling. The same compound may be obtained, according to Liebig, (Ann, 
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de Chivi. et Phys.^ liv. 225, and Iv. 125,) by mixing oxalic (fthci* with 
an alcoholic solution of ammonia;, the mixture yields crystals, on spon- 
taneous evaporation. To tlie substance thus obtained, Dumas has 
applied the name oxamelhatie. It is colourless, fusible, volatile?, soluble 
in alcohol ; soluble in cold water, but converted by boiling into acid 
oxalate of ammonia. Liquid ammonia immediately converts it into 
oxamidc. This substance consists, according to Dumas, of 1 atom of 
oxalic ether, and 1 atom of ammonia; so that its ultimate <?h‘ments are 


Ciirlxni 
1 lydroj^eii 
Ox^T^eii . 

llytlroj^cn 


G 

5 

4 

1 


3 «| 

5 / = Oxalic ether 
.'^2) 

= Ammonia . 



= Oxarnchhane 


lese elemimts are 

equivalent to 


Carbon . 

2 

l‘ij 

1 lydrogeii 
Oxygi^ii . 

2 

2 

,7./ = Oxamidc 

Nitrogen 

. . . 1 

U] 

(^irl)on . 

. . . 4 


1 lydrogeii 

... 0 

< 1 *;^ = Alcohol 

Oxv«ren . 

2 

ifii 


44 


40 


1)0 


Hence it is that when aqueous ammonia and oxalic ether are mixed and 
agitated together, a white precipitate falls, consisting of pure oxaniide. 

VII. OxAi.ov INTO Acid. AVhen a solution of oxalic ether in anhy- 
drous alcohol is mixed witli a similar solution of potassa, in such propor- 
tion as to saturate half the acid contained in the ether, crystals are soon 
(h‘posited, wliich are almost insoluhh* in absolute alcohol, and which con- 
sist of oxalovhialv of potassa. This salt is soluble in water, and is not 
affected by a temperature of 212 ; it is anhydrous, and consists of 
1 atom of oxalate of p«)tassa, anil I atom of oxalic ether. It may he 
decomposed by dissolving it in weak alcohol, filtering the solution to 
separate a little oxalate of ])ot;issa which falls, and then carefully adding 
suijihuric acid, by which sulphate (»f potassii is formed and precipitated, 
and oxalovinic acid set free. It decomposes the carhonates of lime and 
of baryta, and forms soluble oxalovinatcs ; the ]>uro acid nmy e;isily be 
obtained from the oxahn i uat a f baryta, 3!any bases, among which is the 
oxide of copj)er, decompose this acid, and j)rodiice oxalates. When its 
aqueous solution is evap(»rated, even with the utmost caution, oxalic acid 
remains, and the oxalovinic acid disappears. The oxalovinic acid 
appears to consist of 2 atoms of ox;iIic aciil, and I atom of etlieriiio. 

VII I. Foumic Ftiii:k. Distil 7 parts of dry mid pulverized /br/wm/c 
of soda,, witli 10 of sulpliuric acid, and 0 of anhydrous alcohol ; agitiitc 
the product, first with a little magnesia to separate acid, and then with 
water, to abstract alcohol ; lastly, cloprive it of water and of residuary 
traces of alcohol liy the action of chloride of calcium. (Dbbereiner, 
Ann, dr Chhn. el Phys.^ lii., 105.) Formic other is colourless, and has 
somewhat of an hydrocyanic odour. Its specific gravity is = 0.015 at 
05°. It boils at 102°. It requires 0 parts of water at 65° for solution, 
and when long boiled with water, especially if potassa be present, it is 
resolved into alcohol and formic acid. This ether has not been satisfiic* 
torily analyzed. 
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IX. Chlorocarbonic Ethkh. When absolute alcohol is aclniittiMl into 
H balloon containing chloroearbonic acid gJis, it bccHuncs waiin and yel- 
lowish ; when the action has terminated, air is admitted, and soon after, 
the liquid may be poured out and mixed with about its \oIuiiie oi dis- 
tilled water; two layers are presently tbrnoMl the one of an oil-like 
liquid, the other lighter, and containing tree muriatic acid. I'lie «»ily 
liquor, abstracted by a pipette, and rectified «>ver chloride of* calcium and 
litharge, in a waterlbath, has the following prop«*rties. It is a colourless 
liquid, without action on litmus ; its odour is p<»culiar and irritating ; 
it boils at about 2(K)°; its specific gravity 1.13:1 at iUf. It con 


sists of 

Carbon t» . . . . .bkO 

Hvdroffon ^ 

Oxygen -t • « 

Chlorine I • * :tt» . . IW.O 


Chloroearbonic ether .1 . . KU) . . lOO.O 

Dumas, from whom I have made the preceiling abstra<*t {('Itlm, App, 
aux Art.\\ v., 570; Ann, de Chhn. <7 Phi/s.„ Hv., 22.1,) eonsid<*rs this 
ether as including a new acid. When it is mixeil with liquid ammonia, 
violent fiction ensues, muriate of ammonia is tbrmed, and a new jirodin-t, 
called by Dumas, is formed; it is obtained by evaporating tin* 
mixture in vacuo to dryness, and distilling it in a dry retort liejitc**! by an 
oil-bath ; a colourless liquid, passes over, whi<*h concretes into a white 
crystalline matter, like spermaerdi, and saUammoniao roimiins in the 
retort. 

Ureihan is white, fusible, and volatih^ ■when dry, without di'compo- 
sition ; but, when moist, amriumia is plentifully evolved ; it is readily 
soluble in water and in alcohol, and the solution i.s inmtral. It consists of 


Carbon U , . :if; . . 41.0 

Hydrogen 7 . , 7 . . 7.;i 

Oxygen 4 . . H2 . . 3«.t» 

Nitrogen I 14 . . 1.5.7 


Urethaii I . . 00 . . 100.0 


The.se elements are equivalent to 2 atoni.s of earboniit aeid *2 {COT -f O) 
1 atom of ammonia (71 + 'ih) and 1 of etlierine ( \CaT + 4 h), 'Flierc 
are various other views whicli maybe taken of it, and among them, it 
may be regarded a.s consisting of 1 atom of cnrhonic ether or liydnited 
carbonate of etherinc = (aCCLT’\- aH) ^(CCLTA- aO-f^) and 1 atom 
of urea = (COT ^ +71). This formula lifis led Dumas to tlie 

tenn ureihan. 

X. Acetic Ether. (Etii+0€L) Tliis ethf?r was discovered as far 
back as 1759 by the Count dc Ijtmraguais. It may be prepared by dis- 
tilling a mixture of 63 parts of concentrated .acetic .acid, and 17 «f sul- 
phuric acid, with 100 of alcohol ; the receiver should be carefully eool<»d ; 
125 parts may be distilled over. Another process consists in distilling 3 
parts of acetate of potas.sa, 3 of absolute alcohol, and 2 of sulphuric 
acid, to dryness. The product is mixed with a fifth part of sulphuric 
acid, and by careful distillation, acetic ether equal in volume to the 
cohol raa) be obtained. The acetic ether, as it Is called, of these 
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operations, contains free acid, and alcohol ; the former may he abstracted 
by lime or chalk, and the latter by chloride of calcium. 

iVcetic ether boils at 105° ; it is lighter than water, and has a pecu- 
liarly agreeable odour ; it burns with a yellowish flame, and acetic acid is 
developed by its combustion. Water dissolves about one-seventh of its 
weight of this ether, and the solution is decomposed by potass;i, giving 
rise' to an acetate and to alcohol. Ammonia has no action upon it. 


Acetic ether is composed of 
Carlwn .... 8 
llydrogoii ... 8 

0>.ygi*n .... 4 

48 

8 

32 

54.65 

9.09 

30.30 


1 

64.820 

8.755 

30.425 

Aci.-tJ ^i*tbcr . . 1 

. . 

88 

100.00 

, , 

100.000 

1'Iiesc elements are equivalent to 





Kthcrinc . . I . . 
AVater. ... 1 . . 

Arctic acid . 1 . . 

28 . . 
9 . . 
51 . . 

*J;*}Elher 
58.0 Acetic 

. . 1 

acid 1 

. . 37 

. . 51 

. . 42 

58 

Aci‘tic ether . 1 . . 

88 . . 

100.0 . . 

. . 1 

. . 88 

. . 100 


The density of the vapour of acetic ether is 3.06. W'hich corresponds wdtb 


Parboil vap'nir 

VoU. 

. . 2 


Sp. Gr. 
1.00 

1 lydro*,'!*!! gas 

. . 4 

. . 

0.24 

Oxygen g-.is 

. . 1 


1.11 

A'apoiir acetic other . . . 

. . 1 

. . 

3.01 


According to Pt‘loiizo, wlien carlxmic acid is passed through an iilco- 
holic sf)lution of acetate of potassa, acetic ether and bicarbonate of 
potassa an* lbrni<*d ; this is a curious instance of etherification at coni- 
inoii teni[K*ratures ; the insoluhility ^*f the bicarbonate in alcohol is pro- 
]»ahly concerned in the action. 

AcetaL AVheii alcohol contained in a saucer is covered by an oj)cn 
jar, and some inoisti'iiod spongy platimur placed in watch-glasses just 
above its surface, acid vapour is formod. whicli is absorbed by, or falls 
into, the alcohol, and gradually renders it very sour ; if it be then dis- 
tilled off powdered chalk, and rectified ever chloride of caleiura, acetal 
(nr o.riilizcd ether of Doboreiner) is obtained. It is a colourless fluid, 
llie od<nir of which resembles that of nitrous ether. Its specific gravity 
is It boils at 167°. It dissolves in alcohol and ether, and in 

about 6 parts of Avater. It burns with a bright flame. By potassa, and 
by sulphuric acid, it is converted into a yellow resin. By the action of 
spongy platinum it forms acetic acid. (Liebig. Pogg, Ann,^ xxvii., 605.) 
It aj>pears to consist of 

Dumas. 

Carbon . . . 8 . . 48 . . 59.25 . . 59.7 

llvdrogon . . 9 . . 9 . . 11.13 . . 11.3 

0.\vgen . . . 3 . . 24 . . 29.<>2 . . 29.0 

Acetal r . . 1 . . 81 . . 100.00 . . lOO.O 

XL Bknzoic Ether. (Etii 4-66/1/.) AVas discovered by Schcclc ; it 
may be obtained by 8ubjiM*ting a mixture of 4 parts of alcohol, 2 of ben- 
zoic acid, and 1 of muriatic acid to distillation ; when about half has 
piissed over, it is returned into the retort, and the distillation U repeated 
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in the same way two or three times. The ether is ohieHy i*ont:iiiie<l in 
the residue ; it is waslied with >vater, and then carefully distilled off 
finely powdered protoxide of lead. (Tlienard. iT/c/w. dArcueU^ ii., 8.) 
Its specific gravity is 1.0539 at 50®; its hoiling-point 408^ ir 209° cent . ; 
its tension very feeble. 

A curious case of the production of this ether has been noticed by 
Wiililcr and Liebig (^Ann. de Chim. et Pki/x.^ li., 299.) AVheii chloride 
of benzule and alcohol are mixed, the tempertiture of the mixture rises 
so as to produce ebullition, muriatic acid is evolve<l, and on adding water 
to the residue, an oil-like substance separates, which is benzoic ether. 

Benzoic ether consists of 


Carbon . . . 

. 1« 

108 

72.0 

. . " 72.40 

llydrojieii . . 

. 10 

10 

0.7 

, . ' 0.57 

Oxygen . . . 

. 4 

:v2 

2i.:i 

21 . 0:1 

Benzoic ether 

1 

150 

100.0 

100.00 


Those elements are equivalent te 1 jitom of (‘ther -f 1 atom of benzoic 
acid. 

XII. Succinic Ether. (Etii Dumas, upon the autliorily nf 
F. If Arcet, gives the following process for prejiaring this etiier. Distil 
together 10 parts of succinic acid, 20 of alcohol, and 5 of coneemtrated 
muriatic acid, cohobating the distilled product fair or five tinn-s ; the 
residue in the retort will ijhen consist of ah'ohol, water, succinic and 
muriatic acid, and succinic ether; when mixed with water, tin* sui*finie 
ether separates like heavy oily dro}»s ; it is colh‘cted, washed with cold 
water, boiled in a flask with a short neck, till its boiling-point becomes 
constant, and lastly, distilled oft* dry protoxide of lead. 

8uccinic ether is a limpid, colourless, oily lirpiid, of an aromatic odour ; 
it boils at 417^ (214 cent.); its specific gravity is l.fKlIi. It is resolved 
by potassa into succinic acid and alcohol. Oldorine decomposi's it under 
the influence of light, and forms crystals which have liot been examined. 
This ether consists of 1 atom of ether -f 1 of succinic acid, or of 


Carbon . . . . 

. 8 


48 

55.1 

Hydrogen . . 

. 7 

. . 

7 

8.1 

Oxygen ... 

. 4 


82 

:ui.8 

Siiccijiic ether . 

. 1 

, , 

87 

100.0 


XIIT. TAHT.\Rir Ether. May be obtained from 5 parts of tartaric 
acid, 7 alcohol, 2 of sulphuric acid ; distil the mixture till a little 
sulphuric ether begins to be formed. If at this j)eriod wo withdraw the 
heat, the liquor assumes a syrupy consistence ; but w'ater does not sepa- 
rate the compound of the vegetable acid and alcohol. By adding, by de- 
grees, solution of potassa, we throw' down bitartrate of potassa ; then, 
after having just saturated the redundant acid, if we evaporate the liquid, 
and treat it in the cold with very pure alcohol, we obtain, by evaporation 
of the alcoholic solution, a substance W'hich, on cooling, beconu^s like 
syrup. This substance has a brown colour, and a bitter and nauseous 
taste. It is void of smell and acidity, and is soluble in water and ahudiol. 

• It does not precipitate muriate of lime, but copiously the muriate of 
baryta. When heated it diffuses dense fumes, w'hieli have the odour of 
garlic, and at the same time it leaves a residue, not alkaline, containing 
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much sulphate of potassa. If distilled with potassa, it is resolved into 
a very strong alcohol, and much tartrate of potassa. It is, therefore, a 
combination analogous to the preceding. dArcueil^ ii., 13.) 

XIV. Citric Etuer. When a hot saturated solution of citric acid, 
mixed with alcohol, muriatic acid, and a certain proportion of sulphuric 
ether, is kept for 6 or 8 hours at a temperature between 125® and 135®, 
and then water added, citric ether separates in the form of an oil-like 
liquid. Its formation in this way is uncertain, and its properties liave 
not been oxamiiied. (Pehuze.) 


§ XXIV. (.V)M BIX AT IONS OP EtIIEHINE WITH THE IIyHIIACIDS. 


I. Hydrochloric Ether; Muriatic Ether. Sweei or dulcified Spirit of 
salt^ was a favourite preparation with the alchymists ; they conceived it 
to possess sbine peculiar solvent ]>owers in regard to salts of gold : it was 
also used in medicine: it was prepared in various ways; either by dis- 
tilling a mixture of alcohol and muriatic acid; or of salt, sulphuric acid, 
and alcoliol. 

Hydrochloric ether may he ohtaine<^ h}’ subjecting to careful distilla- 
tion, a concentrated solution of muriatic-acid-gas in Ucohol ; or a mixture 
of 1 ]iart of al<;oJiol, 1 of sulphuric acid, and 2 of fused and finely-powdered 
chloride of sodium; or a mixture of chloride of antimony, or of tin and 
alcohol. In all thesi* eases, muriatic ether passes over; it should first 1m* 
transmitti'd into warm water, by whicli its adliering acid and alcohol are 
abstracted, and its vapour may tlien he coiidciiscd by conducting it through 
a cold tube, and receiving it in a bottle surrounded by ice and salt. 

31uriatic ether, thus eoiulcnscd, is a limpid, colourless liquid, of a pecu- 
liar penetrating odour, jind a sweetish flavour : it is neutral : its specific 
gravity = 0.874 at 42®: it has not been congealed: it boils at about 00®: 
the .^specific gravity of its vapour i.s 2.210. It hums with a flame tinged 
with green, and exhales the fumes of muriatic acid. Mixed with 4 volumes 
of oxygen and detonated by the electric spark, it yields 2 volumes of 
car])oni<' acid ; it is very slowly altered by water and by alkalis. Passed 
through a red-hot tulie, it is decomposed into muriatic acid, hydro- 
c'arhoii, cliarcoal, and hydrog«‘n. It consists of (i CCLT + A +C) or 

0 car + ih + he ') ; 


Carbon 

Hydrogen .... 
Clilorino .... 

4 . . 

1 

‘24 

la 

Ml 

;r>.r 

7.7 

55.4 

Dumas. 

37.73 

7.70 

54.57 

Hydrorhloric etlier . 

1 


100.0 

^ 100.00 

se elements are equivalent to 




Ktherine . . 

1 

, , 

28 

43.1 

Muriatic acid . . 

. 1 


87 

56.9 

Hydrochloric other 

. . 1 


65 

100.0 


II. Chloral. The mutual action of chlorine and (ilcohol was origi- 
nally inquired into by Schecle and Westnimh ; it after^vards engaged the 
attention of the principal chemists who have expounded the theory of 

4 b 
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etherification, and has* been more recently investigated by Liebig and by 
Dumas. {Ann. de Chim. el Phtjii.y xlix., 146; Ivi., 113.) Tin* r(*siiltiiig 
product was originally termed heavj/ muriatic ether; the term chloral 
(referring to chlorine and alcohol )/has been applied to it by the last- 
mentioned chemists. Cldoral is obtained by passing a large quantity ot* 
chlorine, carefully dried, through anhydrous iilcohol ; the ide<dio! is at 
first kept cold, but when the first action is over, it requires to he gradually 
warmed ; during the whole operation, which lasts several hours, muriatic 
acid gas is evolved, and must be allowed to eswipc. Liedug foumi ihat 
several days were required to complete this action upon a quantity <»!' 
alcohol, amounting to about eight ounces. The product of this opeiution 
is mixed with twice its bulk of sulphuric acid, and subjected to cart ful 
distillation ; a limpid oil-like liquid passes over, wliieh is to hi‘ heater in 
an open flask till its boiling-point attains about ; it should then again 
be distilled ofi' sulphuric acid, and finally rectified ofi* ii small quantity of 
fresh quiek-lime, the distillation being performed in a hath of salt and 
water. 

Chloral is a transparent eolourlecs liquid, of a gn*asy aspc(*t : it'i 
specific gravity at ().o^ is l.a02, its boiling point = and tin* di-nsity 

of its A’apour about = n.O. Tt lias an irritating o<lour, is almost ta'iteb^s. 
somewhat caustic in its action upon the skin, sfdiihb- in walcr, iiciara). 
and its solution is not aftbeted by nitrate of silver. If. iiisteml of dv*q»;on;. 
the chloral into water, and heating it to effect the solution, it be }mii 
into the contact of a few drops of water, me liquids comldne into a 
crystalline soli<l, and lieat is ovolve<l ,* and wlu ti a few divqts of *ddoiMi 
are put into a flask (’ontaiiiing humid air, small groups rd' cry.sfitN gr.. 
dufilly form upon its interior : these are hi/drafc of chloral. ANdieii cliloral 
i.s poured upon sulphuric acid, and left to itself, it forms a white Mih- 
stance, wliich Liebig calls insohthle chloral. Chloral <lissoIvcs iodine, 
bromine, sulphur, and pliosphorus. AVhen its vaptmr is passed over 
heated lime or baryta, those bases become incandescent, carlionie oxide 
is evolved, and metallic chlorides nii\<*d with carbon remain. 'Fliis 
sometimes happens in rectifying cldoral over (luicklime. The liydrati*d 
alkaline oxides decompose chloral ; nitric acid is almost witliout tirtion 
uj)on it. Chloral comsists of 


Carbon . 

. . 4 

24 

18.10 

Duni.'i'^ 

18.8 

Hydrogen 

. . 1 

1 

0.87 

0.7 

Oxygen . 

. . 2 

h; 

10.7.3 

10.8 

Chlorine . , 

. . 3 

108 

72.50 

71.0 

Chloral . . 

. . 1 

140 

100.00 

100.0 


llydratc! of chloral consists of 1 atom of cldoral .and 1 of wat<M*. 

I must refer to Dumas {Chim. npp. aujc v., 603,) for details of 
thc^ theory of the various changes which alcohol umhrrgoes during the 
action of chlorine, and the formation of chloral. The term chloric ether 
is sometimes applied to chloral, and sometimes to tlie chloride of hydro- 
carbon, described at p. 485. 

Chloroform. Soubeiran and Liebig, by distilling chloral mixed with 
and water, or with solution of potassa, obtained a liquid, which when 
s aken with sulphuric acid, and then separated, and rectified over baryta, in 
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a pcrfectly-dry retort, yielded a dense limpid fluid, wliicli has been desig- 
nated chlorqforme. The same compound is obtained, more easily, by 
distilling a mixture of 1 pound of chlori»iO of lime, 3 of water, and 3 
ounces of .alcohol, in a c.apacious retort * about 3 ounces of chloroforme 
pass over. 

The sperilic gravity of chloroforme is 1.48G at 6o^: its boiling-point 
about 140° : 4 ho density of its vapour = 4.2. It is decomposed when 
passed over red-hot iron and copper, and, when passed through ^ red-hot 
glass tube, deposits crystals, apparently of chloride of carboii. Chlore- 
forme consists of 


CarlKjii . . . 

2 

12 

9.1) 

Dumas. 

10.24 

Ilydrogon . . . 

1 

1 

O.'i 

0.83 

Chlorine . . . 

3 

lOR 

89.2 

88.93 

v.5liloroforine . . 

1 

121 

100.0 

100.00 


TIL llYDitTonic Ether, (t CCLT + i fl hl^,) This compound 
was discovered by (jay I.ussac. {Ann. de Chim. et Phys.^ ix., 89.) is 
best obtained by mixing in a retort, 4 parts of i^ dine, 10 of alcohol of 
0.833, and gr adually adding 2.5 of phosphorus : when the greater part 
has distilled over, 3 parts more of alcohol are put into the retort, and the 
distillation carried to dryness ; the product is w ished with cold water, 
and the etlicr rectified over cliloride of calcium. 

llydriodic ether is colourless ; it has a penetrating ethereal odour; its 
specific gravity at 74° is 1 92. It boils at 148°, and the density of its 
vapour is 5.409. It is not inflammable, but when dropped on red-hot 
charcoal it difluses purple vapour. It is decomposed when passed through 
a rcd-Jiot tube, and among the products is an unctuous matter containing 
iodine. Exposed to air, hydriodic ether becomes red. It is sparingly 
soluble in water, but readily so in alcohol. Potassium does not decom- 
pose it ; alkalis, nitric acid, and chlorine, only slowly act upon it ; sul- 
phuric acid rapidly decomposes it. It consists of 


Carbon 4 . . 24 . . 1,7.00 

Hydrogen 5 . . r? . . a.lo 

Iodine 1 . . \2o . . - «i.25 


Ilydriodic ether . , I 154 100.00 


or, of I atom of etherine 1 In'driodic acid. 

lodoforme is a compound analogous to chloroforme^ and obtained by a 
similar process ; its formula is (n CdV + ft 4- i-) (Serullas and 

Dumas., Ann, deChim, cl Phys,^ Ivi., 133.) 

IV. IIydrobromic Ether. (4 CdT + 4 ^ -f hb^,) To prepare this 
ether, introduce into a tubulated retort 40 parts of alcohol, sp. gr. =r 
.827, anfl 1 of phosphorus, then add, gradually and carefully, 7 to 8 parts 
of bromine. The bromide of phosphorus which is formed, decomposes 
tlie water of the alcohol, and produces hydrobromic and phosphorous 
acids : distil by a gentle heat into a cooled receiver. When the dis- 
tilled product is mixed with water, hydrobromic ether seprates and falls 
to the bottom ; if acid, it must bo w%ashed w'ith a dilute solution of 
potassa. 


4 R 2 
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2 atoms of alcohol + 4 atoms of oxygen 
23 X 2 r= 46 


8X4 = 


Carbou. 


Oxygen. 


Carbon. 


Oxygen. 


Oxygen 

Carbon. 

Hydrogen. 


CarlH>n. 

.. . 

Hydrogen. 


Oxygen. 


Hydrogen. 





Oi^'geu. 




Hydrogen. 


Oxygen. 


Hydrogen. 



HydrogtM). 










/ 

become 


1 atom of acetic acid + 3 atoms of water 
51 9 X 3 =: 27 


Carbon. 

Hydrogen 

Oxygen. 

Carbon. 

Oxygen. 

Carbou. 

• 

Oxygen. 

Carbon. 

Hydrogen. 



Hydrogen. 



Hydrogen. 

Oxygen. 


Hydrogen. 

Oxygen, n 


H ydrogen. 

Oxygen. 



It is eyident, therefore, that the evolution of carbonic acid which 
attends acetous fermentation, is not essential to the formation of acetic acid 
and is probably referable to the decomposition of a portion of unde- 
composed sugar, or other matter contained in the liquor, which is sus<?ep- 
tible of vinous fermentation ; or that it may in some cases arise from other 
changes, or from the decomposition of a portion of the acetic acid itself. 
T^e quantity of carbonic acid evolved during the change of wine into 
vinegar is usudly small and very variable, and not one of the leading 
phenomena, as is the case in vinous fermentation*. 

A mere mixture of alcohol and water will not undergo acetous fer- 
mentation, without the presence of yeast, gluten, or some analogous sub- 
stance; hence the more perfect wines do not become sonr eren when 
exposed to air, because they contain no ferment. 

soinJJ* A producing acetic acid, Jcoho'l \» its common 

sourTO, there are other TegetaWe substances from which it may be 
htamed, mdependent of vitto«< fermentation; as from certain mudla- 
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ginous and amylaceous solutions con^ung vegetable albumen ; and when 
once acetic acid is present, it hastenis acetic fermentation, hence the 
necessity of great cleanliness in regard to the casks and vessels used in 
vinous fermentation, and in the preservation of wine and beer: sour 
yeast, paste, and similar acetified substances are also great promoters of 
acetification. 

Vinegar. This term is applied to the dilute acetic acid^ which is 
chiefly employed for domestic consumption, and wliich varies extremely 
in strength, flavour, and composition,' according to the sources whence it 
is obtained. In wine-countries it is procured by exposing weak wines to 
the access of air at a due temperature, and its strength, flavour, and 
colour, depend upon the characters of the wine employed. In this country 
beer-vinegar is sometimes used, or a wort is prepared for the purpose, 
and, in these cases, the product acquires peculiarities dependent upon the 
foreign matters necessarily present. A good extemporaneous vinegar may 
be made by dissolving 1 part of sugar in 6 parts of w^ter, and adding 
1 of brandy or other strong spirituous liquor, and a little yeast; this 
mixture is put into a sufliciently large cask, with the bunghole left open, 
and exposed to a temperature of between 70° or 80°; in a month or six 
weeks, the clear vinegar may be drawn off. 

In all these cases, the principle of acetification is the same, and con- 
sists in the formation of alcohol, and its subsequent conversion into acetic 
acid by the abstraction of hydrogen, as above explained. Air must 
always, therefore, have access ; but the vessels should not be too open, 
because in tlnit case acid is lost by evaporation, as the temperature is 
lu^cessarily high. Vinegar is apt to be infested by flies (Musca cellaris)y 
and by animalcules, commonly termed eels ( Vibrio aceti) : these may be 
destroyed by passing it through a spiral tube immersed in water heated 
to 212°, or by heating it in a hot->va ter -bath. When vinegjir is exposed 
to air, it gradually becomes turbid, or moihery^ losing its acidity, and 
depositing a slippery gelatinous substance, which, when collected and 
dried, resembles gum, and is destitute of nitrogen ; it does not, therefore, 
resemble animal mucus, to which it is sometimes compared. The vinegar 
b(*coinos weak and mouldy os these changes go on, and they are rapid in 
proportion to its weakness. 

The vinegar of commerce is very various as to strength, and before 
the j»reseiit method of producing it from pyroligneous acid^ which I shall im- 
mediately describe, w’as brought into practice, it was generally adulterated 
with other acids, especially the sulphuric, a fraud detected by the produc- 
tion of a precipitate insoluble in nitric-acid, on the addition of acetate of 
baryta. Vinegar is also sometimes sharpened by muriatic iicid, when it 
gives a precipitate, likewise insoluble in nitric acid, with nitrate of silver. 
These precipitates require to be tested, in regard to their insolubility 
in nitric acid, b^ause they are thus distinguished fh>m other combinations 

of baryta and of oxide of silver, produced by the other acids or substances 

pn'sent in genuine vinegar. Pepper, and other acrid substances, are 
rendered evident by carefully neutralizing the vinegar with carbonate of 
soda, when they arc detected by their undisguised pungency. 

The. specific gravity of yinegpx depends more upon Ae foreign matters 
which it contains than upon its actual strength, so tliat its value cannot 
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be judged of by that criterion: the density of the best vinegar (commonly 
called white-wine vinegar), is about 1.020 to 1.025. To ascertain the 
proportion of real acetic acid which it contains, it must be cautiously 
neutralized by carbonate of soda (dry or crystallized), and the quantity 
of that salt requisite for the purpose indicates the proportion of real acetic 
acid present, 64 parts of dry carbonate of soda being equivalent to 61 of true 
or anhydrous acetic acid. The equivalent of carbonate of limey which is 
60, is so near that of acetic acid, as to furnish a ready mode of ascertaining 
the value of vinegar or other dilute acetic acid; for this purpose a piece of 
clean white marble is selected and accurately weighed, it is then suspended 
by a thread in a proper quantity of the vinegar to be examined, which is 
occasionally cautiously stirred, so as to mix its parts without chipping the 
marble; when it is no longer acted on, it is removed, washed, dr^ed, and 
weighed; its loss is equivalent to the acetic acid. Another mode of 
ascertaining the strength of vinegar consists in neutralizing it by hydrate 
of lime; acetate of lime is extremely soluble, so that the quantity of 
iicetate of lime formed and dissolved, is directly as the quantity of acid 
present, and the density of the resulting solution of acetate of lime, is in 
the same ratio. (See Messrs. J. and P. Taylor on an Acefomeier. Qnarf, 
Jour,^ vi.) A solution of ammonia, of known strength, blued by litmus, 
may sometimes conveniently be used as a neutralizing acetomctric fluid. 

Distilled Vinegar. When vinegar is subjected to careful distillation, 
the first portion which comes over usually contains a little alcohol ; this 
is follow'ed by dilute acetic acid, which, towurds the end of the process, 
especially if distilled over an open fire, acquires an empyreumatic odour: 
the residue is brown, very acid, and has a burned flavour. According 
to Mr. R. Phillips (on the Ij)ndon Pharmacopceitty p. 7)? when the best 
English malt-vinegar, of the specific gravity 1 .0204, is distilled, the first 
eighth part which passes over is of the s^iecific gravity 0.99712, so that 
it contains a little alcohol; a fluid-ounce of it, = 1.8047 cubic inches, 
dissolves from 4.6 to 5 grains of precipitated carbonate of lime: the next 
six-eighths have the specific gravity 1.0023, and a fluid-ounce dissolves 
8.12 grains of the carbonate; a fluid-ounce of the acid of specific gravity 
1.007 dissolves 15 to 16 grains of precipitated carbonate of lime, or 13.8 
grains of marble. 

Distilled vinegar is colourless, and wants the agreeable fresh flavour 
and odour of the original vinegar, compared with which it is flat: this 
arises partly from a trace of alcohol and of acetic ether which it contains, 
and also from a peculiar organic matter which passes over in distillation, 
and which distilled vinegar sometimes deposits in the form of a gray 
sediment; its nature is unknown: when the acid containing it is neutra- 
lized by an alkali and slowly evaporated, it communicates a brown tinge, 
in consequence of the action of the air upon it. If vinegar has been 
distilled from a copper still, through a pewter worm, it is always more or 
less contaminated by copper, lead, or tin, and consequently bc^mes dis- 
coloured, when tested by sulphuretted hydrogen, especially after it has 
been reduced in bulk by evaporation. Earthenware, or even silver 
condensing-tubes, are therefore used by the wholesale vhciegar-distillera; 

• small scale, glass vessels may be employed; hut the use of 
aistilledr vinegar is now almost entirely superseded by that of a mixture of 
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pure acetic acid and water, and this mixture, coloured by burned sugar, 
is pretty generally employ^ as a substitute for yinegar. 

When vinegar is subjected to a low temperature its aqueous part is 
that which first congeals, and the remaining unfrozen portion is 
the strongest; in this way yinegar may, to a certain extent, be con- 
centrated. 

Pyroligneous Acid. The production of vinegar by the destructive 
distillation of wood, has already been mentioned as one of the numerous 
discoveries of Glauber*, (p. 26.) It is now conducted upon a large scale, 
for the express purpose of obtaining that acid. For this purpose the 
following apparatus is used. A series of cast-iron cylinders, about 4 feet 
diameter, 6 feet long, are built horizontally in brick-work, so that 
the flame of one furnace may play round about two cylinders, both ends of 
which project a little from the brick-work. One of them has a disc of cast 
iron well fitted and firmly bolted to it, firom the centre of which disc an iron 
tube about 6 inches diameter proceeds, and enters at a right angle the 
main tube of refrigeration. The diameter of this tube may be from 9 to 
1 4 inches, according to the number of cylinders. The other end of the 
cylinder is called the mouth of the retort. This is closed by a disc of 
iron, smeared round its edge with clay-lute, and secured in its place by 
\^||p^cs. The change of wood for such a cylinder is about 8 cwt. The 
hard woods, oak, ash, birch, and beech, are alone used. Fir does not 
answer t. The heat is kept up during the day-time, and the furnace is 
allowed to cool during the night. Next morning the mouth is opened, the 
charcoal removed, and a new charge of wood is introduced. The average 
produce of crude vinegar, called pyroligneous acid^ is 35 gallons. It is 
much contaminated wi& tar; is of a deep-browm colour; and has a specific 

* Berzelius justly observes that tliis acid was probably known at a much more 
remote period, and used by the Egyptians iu the process of mummification; he 
quotes the following passage from Pliny in favour of this opinion. (IlisL lib. 
xvi., p. 2.) “ Fix liquida in Europa e teda (Pintis si/cestrh) coquitur, navalibus 
inuniendis, niultosque alios ad usus. Lignum ejus eoueisum, furnis, nndique igne 
extra circuiudato, fervet; primus sudor, aqum modo, fiuit canali; hoc, iu Syria, 
cedrum vocatur, cui tanta est vis, ut in ^Egypto, corpora hominiim defunctorum, 
eo perfusa, serveutur.*’ See, in reference to tliis subject, what 1 liave above said 
respecting Kreosote, (p. 985.) 

-f* In reference to this subject, it appears from Stoltze's experiments, that the 
wood of all trees, when thoroughly fre^ from resin and all soluble matters, yield 
the sonic quantity of fluid product when similarly distilled, but that the propoition 
of acetic acid in it is very variable. The following table illustrates Uiis : 


100 pnru of dry wood yield 

1 ounce of 

... which saturAtes 

tSntwo. 

EmpyreiiiUtiUn 

UiL 

('liarcuaL 


l*otassa. 



Birch, {fistula alba) .... 

45 . . 55 . 

8.60 . . 

24.4 

Beech, {Fagus sglvatiea) . . 

44 . . 54 . 

9.55 . . 

24.6 

Oak, (Quercus robur) .... 

43 . . 50 . 

. 9.06 . . 

26.8 

Ash, (Frojrinus ejeeeltior) . . 

48.8 . . 44 . 

. a80 .. 

22.1 

White poplar, (Fopulw alba) . 

45.8 . • 39 . 

. , 8.05 . . 

83.4 

Wild plum, (Frmut padw) . 

43.7 . . 37 . 

. 10.35 . . 

2L6 

Juniper, {Juniperus communis) 

45.8 . . 89 . 

. 10.73 .. 

22.7 

Spruce fir, (PintM abiss) . . 

41.2 . . 29 . 

. 13.70 . , 

21.2 

Scotch fir, (Pinus ^IveslHs) . 

42.4 . . 28 . 

. 11.80 . . 

21.5 
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gravity of 1.025. Its total weight is therefore about 300 lbs. But the 
residuary charcoal is found to weigh no more than one-fifth of the wood 
employed. The crude pyroligneous acid is rectified by a second distillation 
in a copper still, in the body of which about 20 gallons of viscid tarry 
matter are left from every 100. It has now become a transparent brown 
vinegar, having a considerable empyreumatic smell, and a specific gravity 
of 1.013. Its acid powers are superior to those of the best household 
vinegar, in the proportion of 3 to 2. (Ure*s Diciionaryy Art. Acid, acetic.) 

The purification of this crude add is generally effected as follows ; it 
is saturated with slaked lime, previously 'made into a thin cream with 
water ; in this way much of the empyreumatic extractive is precipitoted 
in insoluble combination with the lime ; the clear solution, containing 
acetate of lime, is then drawn off and mixed with a concentrated solution 
of sulphate of soda, till no further precipitation of sulphate of lime eii- 
sues ; when this has fallen, the supernatant liquor is let off, the residuary 
sulphate washed, and the whole of the solution evaporated ; during this 
process, empyreumatic resin separates upon the surface, and is skimmed 
off, and when the solution has acquired a due density, it is set aside to 
crystallize, and the mother-liquor is poured off and treated as before. 
At last, a browm uncrystallizable liquid remains, which contains, besides 
acetate of soda, an empyreumatic extractive, and resin combined with 
soda, and which may be decomposed by evaporation to dryness, and cal- 
cination, so as to leave the soda. The crystallized salt, which is impure 
acetate of soda, after having been purified by solution and re-crystalliza* 
tion, is fused in an iron pot, stirred till it dries, and the heat is then care* 
fully raised to incipient carbonization, by which the empyreunuitic mat- 
ters which rendered it impure are carbonized, whilst the salt itself^ if the 
operation be skilfully conducted, is little damaged ; the mass is then dis- 
solved in water, filtered, and re-crystallized, and yields pure acetate of 
soda. This salt is then distilled with 0.36 of its weight of sulphuric 
acid, either in glass, or in metallic stills with silver condensers. The pro- 
duct is a strong acid, of the specific gravity 1.05 ; it still has an empy- 
reumatic flavour, which is removed by w(dl-bumed animal charcoal ; it is 
then duly diluted with water, and applicable to all the purposes for which 
common vinegar is employed ; when intended for the table, it is coloured 
by burned sugar, and flavoured by a few drops of acetic ether. For 
pickles and sauces of all kinds, it is generally used in a somewhat stronger 
state than common vinegar. It is used as a substitute for vinegar in all 
the processes of the arts, being more or less purified in these cases, 
according to the purposes for which it is required. 

Acetic Acid. Pure acetic acid, or as it was formerly called, radical 
vinegar^ is obtained by decomposing acetate of soda; this salt is first 
purged by two or three solutions and crystallizations, and 'then carefully 
desiccated, by heating and stirring it^ without fusion^ in au iyoa, basin ; it 
istben pulvenzed,,and put into a capacious tubulated retort, with two 
equivalents of pure sulphuric acid, at a temperature of about 126° ; 
acetic acid is liberated, but when about an eighth part has passed over, 
the ratort must be c^efully heated; the distillation may be continued 

1 the smme matter in the retort, which is bisulphate o# potassa, is in 
quie nision. The products of this first distillation must be rectified over 



ACETIC ACID. 


1115 


a little dried acetate of soda^ then placed in ice till it congeals ; the con- 
gealed acid is suffered to drain by inverting the bottle nrhich contains it, 
and in that frozen state it may be regarded as pure hydrated acetic acid ; 
it retains its solid form till the thermometer rises to about 50° ; if cooled 
down to 45°, and then shaken, or a particle of solid matter dropped into it, 
it congeals, and at the same time an immersed thermometer rises to 51° 
Its crystals are generally flat plates of a pearly lustre ; it has a strong 
irritating odour, agreeable when much diluted, and is powerfully acid and 
caustic, reddening the skin, and raising a blister. It absorbs moisture 
from the air, and dissolves in all proportions in water and in alcohol. 
The specific gravity of this acid (the liquefied crystallized acid) is 
1.06296 at 60°, (Thomson,) but its density is no criterion of its strength, 
as shown in the following table, drawn up by Dr. Thomson, according to 
whom the crystalline or glacial acid consists of 1 atom of anhydrous acid 
+ 1 atom of water. 


Atoms of 
Acift 

Atoms of 
WatiT. 

Sp. Gr. 
fttSO®. 

Atoms of 
Acid. 

Atoms of 
Water. 

Sp. Gr 
ai60» 

1 

+ 

1 . . 

1.06290 

1 

+ 

6 . . 

1.06708 

1 

+ 

2 . . 

1.07060 

1 

+ 

7 . . 

1.06349 

1 

+ 

3 . . 

1.07084 

1 

+ 

8 . . 

1.0S974 

1 

+ 

4 . . 

1.07132 

i 1 

+ 

9 . . 

1.06794 

1 

+ 

5 . . 

1.06620 

1 1 

+ 

10 . . 

1.06439 


The liquid acid, therefore, is at its greatest density when it consists of 
1 atom of anhydrous acid, and 4 atoms of water, or of about 100 of real 
acid and 79 of water. It appears, also, that the density of the acid con- 
taining only 1 atom of water, is nearly the same with that containing ^ 
atoms. 

Acetic acid has not been obtained in an uncombined anhydrous state. 
When heated, it distils over without change. It is only partially decom- 
posed by a red-heat ; but if passed over red-hot charcoal, it yields carbonic 
acid, water, carbonic oxide, and carburetted hydrogen. 

Cold acetic acid is uninflammable, but when heated, its vapour bums 
with a blue flame ; the oxyacids are almost ^vithout action upon it 
Chlorine, under ordinary circumstances, little aflects it, but exposed to it 
under the direct solar rays, muriatic and chlorocarbonic acids are formed, 
and a crystalline substance, w^hich Dumas considers. as hydrated chloral. 

Acetic acid is displaced from its combinations by most other acids. 
It forms a well-defined class of salts, acetates^ all of which are soluble in 
water, and in which the oxygen in the acid is to that in the base as 3 to 1 
Some of the peroxides convert part of this acid into carbonic acid and 
water, by which they are reduced to a soluble state, and form protacetates. 
It is a solvent of many organic products, among which are camphor, 
resins, and albumen. 

The composition and equivalent of the anhydrous acetic acid have 
been ftbore giren; tbe ciystalline, or hydrated acid + q) consubi 
of 


Anhydrous scetic add 

. 1 

61 

.. 85 

MoHamt 

87.135 

Water 

, 1 

9 

16 

13.875 

Crystallized acetic acid 

. T 

eo 

.. loo 

100.000 


It will be seen by referring to the atomic constitution of the anhyirm^ 
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acelicacid^ that it is represented by (4 CUT+sg)^ ox{aCCLT+ 3 A+ 3 O), 
and that the hydrated or crystalline acid, represented by the formula 
{^aCCLT ^ A q) or {\C(lT-\‘ ih+^0)^ may be regarded as including 
equal volumes of hydrogen and carbonic oxide. 

The production of acetic acid by the slow combustion of alcohol has 
been above alluded to ; Mitscherlich compares its formation by the ex- 
posure of alcohol, water, and a ferment, to air, to that process, and alludes 
to the mode of forming it sometimes practised, which consists in suffer- 
ing a mixture of 1 part of alcohol and 8 or 9 of water, with a little 
yeast, to trickle through beech shavings previously soaked in vinegar, 
and lying loosely in a cask perforated full of holes ; he says that the air 
loses so much oxygen, that if collected as it issues from the upper holes, 
it extinguishes flame, and that the temperature of the liquid rises to 85®, 
when that of the atmosphere is only 60® ; that by the first operation, half 
the alcohol is acetified, and that the acetiflcatioii is complete by a repeti- 
tion of the process, provided it be slowly conducted ; and that vinegar 
may be made in this way in a few hours. 

CiiARACTEKS OF THE Acetates. It has already been stated that these 
salts are soluble in water ; there are, perhaps, two exceptions, in those of 
jiiolybdenum and of tungsten, and the acetate of silver and of protoxide 
of mercury are difficultly soluble. The acetates are decomposed by heat, 
and yield variable products ; those of the alkaline biises yield carbo- 
nates, carbonic acid, oxide of carbon, a little carburetted hydrogen, 
a small quantity of water and of oil, and pyroacclic spirit^ or acetone. 
Some of the acetates yield acetic acid scarcely altered ; and some 
a mixture of acid and spirit, leaving charcoal, and the metal or its oxide. 
The fusible acetates concrete, on cooling, into foliated masses. When ace- 
tates are in dilute aqueous solution, they often suffer spontaneous decom- 
position; some of them become carbonates, and a green mould forms upon 
their surface. These salts are recognised by the evolution of acetic acid 
when acted on by sulphuric acid; and many of them yield a precipitate of 
nacreous crystalline scales, with a solution of protonitrate of mercury. 

Acetate OF Ammonia ( A + flC^) is a very deliquescent, soluble salt, 
and extremely difficultly crystallizable. In solution, obtained by satu- 
rating distilled vinegar with carbonate of ammonia, it constitutes the 
liquor ammonias acetatis of the Pkarmacopceia^ which has long been used 
in medicine as a diaphoretic, under the name of spirit of Mindererus. 
Acetate of ammonia is volatile at 250®, and condenses in crystals. Its 
theoretical composition is 


Ammonia . . . . 

. 1 

17 

25 

Acetic acid 

. 1 

51 

76 

Acetate of ammonia . 

. T 

08 

100 


Acetate OP PoTASSA (P + flC') is usually formed by saturating dis- 
tilled vinegar with carbonate of potassa, and evaporating to dryness. If 
this salt be carefully fused, it concretes into a lamellar deliquescent mass 
on cooling. It is the terra foliata tartaric and febrifuge salt of Sylvius^ 
of old pharmacy. It dissolves in its own weight of water at 60 , and 

the^ solution has an acrid saline taste. Boiling alcohol dissolves twice its 
weight. Tl^en chlorine is passed through the aqueous solution of this 
salt, carbonic acid is evolved, and a powerful blcaching-liquid formed ; 
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exposed to air, it gives out chlorine ; distilled, it yields acetic acid, a 
little chlorine, and no oxygen. Carbonic acid decomposes the alcoholic 
solution of acetate of potassa, carbonate of potassa is deposited, and 
acetic acid, which produces some acetic ether, is set free. When a mix- 
ture of acetate of potassa and of arsenious acid are distilled together, 
carhuretted and arscnuretted hydrogen, carbonic acid, water, pyroacetic 
spirit, and an oil-like liquor mixed with metallic arsenic are the results 
(Cadet's fuming liquor) ; acetate of potassa is anhydrous, and consists of 






W«nnel. 

Richter. 

Potassa • . . . 

. 1 . . 

48 .. 

48.5 . . 

50.15 . . 

51.4 

Acetic acid . . 

. 1 A, 

51 . . 

51.5 . . 

49.85 . . 

48.6 

Acetate of potassa . 

. 1 

99 

100.0 

100.00 

100.0 


Acetate OF Soda. This is an easily-crystallizable salt ; 

its forms are very complex, and are derived from an oblique rhombic 
prism. (Brooke, Ann. of Phil.^ 2nd scries, vi., 39.) When it contains a 
little tar, the crystals are often bulky; they effloresce in dry air, are soluble 
in 3 parts of cold and less of boiling water, and arc sparingly soluble in 
alcohol. This salt has a bitterish, pungent, but not disagreeable flavour; 
it fuses when heated, and concretes into a lamellar mass, formerly called 
terra foHata mincralis. It is of importance, as above stated, as a source of 
acetic acid ; at a red-heat it leaves a mixture of carbonate of soda and 
carbon, in a favourable state for the preparation of sodium. Tlie 
dt'ous salt consists of 


Soda ; . 1 . 

Acetic acid 1 . 

. 32 . 

. 51 . 

. 366 . 

. 61.6 . 

Berzelius. MTeuzel. 

. 38.311 .. 39.67 
. 61.689 . . 60.33 

Anhydrous acetate of soda . 1 

83 

100.0 

100.000 

100.00 

The crystallized salt (S+OC^-f bQ) includes 6 atoms of water, or 




Thomson ami 





Berzelius. 

Soda 

1 . . 

32 . . 

23.3 . . 

22.94 

Acetic acid 

. 1 . . 

51 . . 

37.3 . . 

36.95 

Water 

. 6 . . 

54 . . 

39.4 . . 

40.11 

Crystallized aceUUc of soda 

. 1 

137 

100.0 

100.00 


Acetate op Lithia is a very deliquescent and diflicultly-crystallizable 
salt. 

Acetate of Lime (C + fl5C0 forms silky acicular prisms, which 
effloresce when heated, and arc soluble in wuter and alcohol; this sak is 
used in the formation of acetate of soda in the process for procuring acetic 
acid ; it is anhydrous, and consists of 

I)orzeliu«. Higgins. Richter. 

Lime \ . . 28 . . 36.4 .. 36.4 .. 35.7 .. 34.3 

Acetic acid . . . I . . 61 . . 84.6 . . 64.6 . . 64.3 . . 66.7 

Awtateoflime . . 1 7» 100.0 100.0 100.0 100.0 

Acbtatb op Bartta (B+OCO is formed by digesting stilphnret of 

barium or carbonate of baiyta in acetic acid, filtering and erapoKrting; 

dried at 212°, it yields a white powder, soluble in about its weight of 
water, and sparingly soluble in alcohol, and of an acrid pungent taste: 
when crystallised at a temperature below 80°, it includes, according to 
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Mitscherlich, 3 atoms of water, and its form resembles that of acetate of 
lead; above 60° it forms crystals with 1 atom of water, which are irre- 
gular six-sided prisms, terminated by diMral summits, the primary form 
of which is a right rhomboidal prism. (Brooke, Ann. of Phil.y 2nd series, 
vii., 365.) In cold weather the concentrated solution concretes into a 
congeries of silky crystals. It is sometimes used as a test of sulphuric 
acid. The anhydrous salt consists of 

Bucholx. Richter. 

Baryta 1 . 77 . OO.l . 60.66 . 69.4 

Acetic acid 1 . 61 . 39.9 . 39.44 . 40.6 

Anhydrous acetate of baxyta . 1 128 100.0 100.00 100.0 

and the QommojxjcrystaUized acetate contains 


Bucholx. 

Baryta 1 . . 77 . . 66.2 . . 66.70 

Acetic acid 1 . . 61 . . 37.2 . . 36.93 

Water 1 . . 9 . . 6.6 . . 6.37 


Crystallized acetate of baryta . 1 137 100.0 100.00 


Acetate of Strontia (Str+OC') is a very soluble salt, which, when 
crystallized, includes 2 atoms of water. The crystals formed below 60® 
contain 4 atoms of water. 

Acetate OF Magnesia is a very difficultly crystallizable 

salt; it is generally obtained in the form of a gum-like mass, slightly 
deliquescent, soluble in water and alcohol, and composed of 

Magnesia .... 1 . . 20 28.17 

Acetic acid ... 1 51 . . 71.83 

Acetate of magnesia . 1 71 lOP.OO 


Kirhtiu*. 

28.9 

71-1 

100.0 


Acetate OF Manganese. (Man + OC'.) This -salt is prepared for 
the use of calico-printers, by mixing sulphate of manganese with acetate 
of lime. It forms transparent pale-red rhomboidal tables, soluble in 
water and alcohol. 

PaoTACETATE OP Ibon. (Fe+OC'.) TTiis salt is obtained by the 
a^on of acetic acid on protosulphuret of iron: it forms a mas* of white 
silky crystals when evaporated out of contact of air. When iron-filings 
are digested in acetic acid, the resulting solution contains a mixture of 
peracetate and protacetate. 


Pbracetate op Iron may be obtained by digesting turnings and 
clippmgs of iron in acetic acid; or by dissolving peroxide of iron in the 
^ mixing acetate of lead with sulphate of iron: it forms a deep 
radish-brown solution, which, when carefully concentrated, yields a gela- 
tinom residue, but does not crystallize; if rapidly evaporated, it deposits 
a yellow powder, which is said to be a diacetate. This solution is much 
employed by dyers and calico-printers. 

Acetate op Zinc (Zk-(-cw') is fomed either bv dusolTimr oxide of 
smejn acete acid, m by mixing a solution of sulphate of Sine with one 
rf ^tate of le^. It crystallizes in thin shining rhomboidal plates, of a 
form*i^ ^ *i!***v but hot deliquesceht : their primary 

formmanobhque rhombic prism; (Brooke, 7 ., Mser., Vi., 80.) 
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This salt is sometimes used in pharmacy, chiefly as an external applica- 
tion. According to Messni. Aikin, the specific gravity of a saturated 
solution of acetate of zinc^ made by digesting the metal in distilled vinegar, 
is 1055. Of this solution, 900 grains contain 53 of dry, or 82.6 of 
crystallized acetate. One ounce, by measure, of the solution, weighs 506 
grains, and contains 29.8 grains of dry, or 46.5 grains of crystallized salt. 
This salt, in its crystallized form, includes, according to Thomson, 7 atoms 
of water. 

Acetate op Tix. This metal is slowly acted on by acetic acid, but a 
prot acetate and per acetate qf tin may be made by mixing acetate of lead 
with saturated solutions of the protomuriate and permuriate of tin. 
These solutions have been recommended as mordants for the use of dyers. 
The protacetate is crystallizable. Vinegar, kept in tin vessels, dissolves 
a very minute portion of the metal ; and in pewter vessels it likewise 
dissolves a small portion of the lead, where in contact both with the 
vinegar and air; hence, distilled vinegar, which has been condensed in a 
pewter worm, affords generally traces of both metals. (Vauquelin, Ann, 
de Chim,^ xxxii.) 

Acetate OF Cadmium. (Cad +00/.) When a concentrated solution 
of this salt is exposed for about ten days to the air, it is gradually con- 
verted into a crystalline mass, while a dense liquid remains above it. 
The crystals are prisms, very soluble in water, and not altered by exposure 
to air : they include 2 atoms of water. (Thomson.) 

Acetate of Cobalt. Oxide of cobalt is easily soluble in acetic acid 
forming a red solution; it yields a red deliquescent salt w'hen carefully 
evaporated, becoming blue when heated, and forming a good sympathetic 
ink. (Ilscmann, CrelVs Annals^ 1785, ii., 25.) 

Acetate of Nickel. (Nic+aC'.)‘ Carbonate of nickel dissolves 
readily in acetic acid, forming a dark-green solution, from which rhom- 
boidal crystals may be obtained, soluble in water, but insoluble in alcohol ; 
when heated, they give out water and become yellow, then bum like 
tinder, and leave oxide of nickel : they include 6 atoms of water. — 
(Tliomson.) 

Acetate op Copper. (Cu + dC^J) This salt is generally distinguished 
as crystallized verdigris : it has been long knowm, and is described by 
Pliny, (lib. xxxiv., c. ii.) It is prepared by dissolving the subacetate or 
common verdigris in acetic acid ; the solution is put into pans and allowed 
slowly to crystallize, generally upon twigs or pieces of string suspended in 
it: it forms oblique rhombic prisms (Brooke, Ann. of PhlL^ 2nd Series, 
vi., 39), of a rich blueish-green colour, soluble in 5 parts of boiling water, 
and sparingly soluble in alcohol. The dilute aqueous solution is decom- 
posed when boiled, and deposits a tribasic salt. When this salt is heated 
in the air, it burns with a green flame ; submitted to destructive distilla^ 
tion, it yields water, acetic acid, pyroacetic spirit, carbonated gases, and a 
white crystalline sublimate, which is an acetate of thesubaxide qf copper; 
it leaves a residue of very finely-divided copper mixed wi^ a little 
charcoal, which bums like tinder when heatqd, and at a high 
ture is pyrophoric^ This salt was formerly a principal source of strong 
acetic acid, but since the discovery of the modes of purifying and coneeh- 
trating pyroligneous acid, it has ihllen into disuse. When si:^r ta added 
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to a boiling solution of acetate of copper, a red crystalline powder, said 
to be pure suboxide of copper, falls, and the remaining filtered solution 
contains some peculiar combination of copper, which has not, I believe, 
been accurately examined. This salt consists of 

PhiUipB. Ure. Gehlen. Berzeltus. 


Oxide of copper . . 1 . . 40 . • 39.2 . . 39.6 

Acetic acid . . . . I . . 51 . • 49.9 . . 62.01 

Water 1 .. 9 .. 11.9 .. 8.41 


40 .. 39.29 
60 .. 60.71 


> 10 ® » 00.0 100.0 100 100.00 

Diacetate op Copper. Subacktate of Copper. (« Cu + OC^.) 
This dibasic salt is the common verdigris of commerce ; it is prepared^by 
exposing thin plates of copper to the action of acetic acid, or its fumes ; 
the method now practised consists in alternating plates of copper, with 
pieces of woollen cloth steeped in acetic acid; they gradually become 
corroded and superficially covered with verdigris, which is from time to 
time removed and the operation repeated, as long as the plate lasts. 
Sometimes the husks and stalks of grapes or raisins, in a state of acetous 
fermentation, are employed to act upon the copper, as is the c^ with 
some of the French verdigris. This article is commonly rolled o^j^deed 
in w’hite leather, and is frequently much adulterated with a mixture of 
chalk and sulphate of copper. Pure diacetate of copper is in'si&l^*^ 
silky ciystals ; when moistened a little it crumbles, and is only pi||rtii£^ 
soluble in water. This salt consists of 


BenreliuB. 


Oxide of copper . . 

2 

80 

. 43.24 

43.34 

Acetic acid . . . . 

1 

61 

27.67 

27.45 

Water 

6 

64 

29.19 

29.21 

Hydrated diacetate of) 
copper I 

1 

186 

100.00 

100.00 


Mr. Phillips has given the following comparative statement of the 
composition of the different kinds of verdigris. {Ann. of Phil.^ second 


series, vi., 39.) 

Blue Crystals. French Venligris. Eugllsh Verdigris. 

Acetic acid 28.30 . . 29.3 . . 29.62 . 

Peroxide of copper . 0 43.26 . . 43.6 . . 42.26 

Water 28.46 . . 25.2 . . 27.61 

Impurity 0 . . 2.0 * . . 0.62 


100 . 100 . 100 . 

Scbsesuuiacetate of Coffer. (1^ Cu+OCL) This sesquibasic 
salt is obtained by triturating the diacetate with water, filtering ithe solu- 
tion, concentrating it by slow evaporation, heating so as to dissolve the 
deposit^ and then addizig alcohol ; when the solution is set aside a gela- 
tinous mass of minute crystals is formed, vrhich when dry are of a pale 
blue colour, and consist of 


Benellui. 


Oxide of copper .... 

u • 

4 60 . 

. 43.48 . 

. 43.19 

Acetic add 

1 

. 61 

36.96 . 

36.80 

Water 

3 

. 97 . 

. touw . 

20.01 

Hydrated subsesquiacetate) 
of copper / 

1 

188 

100.00 

. 100.00 
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. Trisacetatb OP Copper. (aCu+OC'.) 'ITiis tribasic salt is thp 
portion of the diacetate which is insoluble in water, and which, when 
thoroughly washed with alcohol, and dried at 212®, consists of 


#xide of copper . . 
Acetic acid ... 
Water 

3 

1 

2 

120 

51 

18 

63.5 

27.0 

9.5 

Berfeliiis. 

64.30 

27.60 

8.04 

Hydrated trisacetate i 
of copper . . 

1 

180 

100.0 

100.00 


Acetate of Lead. The oxide of lead combines, like the oxide of 
copper, in several proportions W'ith acetic acid. The neutral acetate^ 
(PL + flC'O has long been known under the name of sugar of lead; it is 
the salt of Saturn of the old chemists, and is a considerable article of 
commerce, being much used in various operations connected with dyeing 
and calico-'printing. Tt is now exclusively prepared by digesting oxide 
of lead in pyroligneous acid, or in pure acetic acid, and is found, in trade, 
of various degrees of purity, according to the purposes for ivhich it is 
intended. When plates of lead are exposed to the fumes of vinegar or 
acetic acid, they become corroded and incrusted ivith a white powder, 
which^i carbonate of lead (p. 718)> and wdiich, scraped off and dissolved 
in excess of acetic acid, forms a solution from which crystallized acetate 
of lead is obtained by evaporation. Litharge, or other oxides of lead, 
may also be used in this process. This salt crystallizes in acicular 
masses, when its hot concentrated solution is set aside to cool, and in this 
state it is generally found in commerce ; by slower evaporation, it yields 
truncated • and flattened quadrangular and hexa^'dral prisms, cleavable 
parallel to the lateral and terminal planes of a right-rhombic prism, 
which may be considered as its primary form. (Brooke, Ann. of Phil.^ 
2nd series, vi., 374.) These crystals are permanent in ordinary states of 
the atmosphere, but they effloresce at about 100®, and in vacuo over 
sulphuric acid. Acetate of lead has a singularly sweet, and somew'^hat 
astringent taste : its sp. gr. is 2.57* Water boiled upon it dissolves 0.29, 
and retains when cold 0.27 of its ureight of it. (Bostock.) It .docs not 
raise the boiling-point of w'ater. When heated, the crystals fuse at about 
130®; at 212'"Bic liquid salt boils, and having lost its water of crystalliza- 
tion, concretes into a lamellar mass ; at a higher temperature, this fuses, 
then gives out ace t^ acid, pyroacetic spirit, and carbonic acid, and the 
residue of its destructiye distillation is charcoal, and very finely-divided 
lead, ill a highly-combustiblc state. 

Acetate of lead is partially decomposed by carbonic acid, which throws 
down a portion of carbonate of lead, and the acetic acid which is set free, 
protects the remaining solution from further precipitation ; the carbonic 
acid contained in the atmosphere partially decomposes acetate of lead, in 
this way. All the acids and therr salts, which form insoluble or difficultly- 
soluble compounds with oxide of lead, also decompose this salt, and these 
are very numerous; and in consequence of the facility with which the 
insoluble salts of lead are decomposed, when diffused through water, by 
sulphuretted hydrogen, such applications of the acetate are of frequent 
occurrence. The crystals of this salt are represented by (Pl + OC' + % q\ 
they consist of 
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BenMliuft. Thenard. . 


Omdeoflead . . 

1 

.. 112 

. . 68.95 

. . 68.71 

.. 68 

Acetic acid . . . 

1 

. . 61 

. . 26.84 

. . 26.97 

.. 26 

Water .... 

3 

. . 27 

14.21 

14.32 

.. 16 

C^tallized acetate i 
of lead . . • .j 

1 

190 

100.00 

100.00 

100 


Dtacetate op Lead, (s Pl + aCQ This salt is formed, according to 
Thomson, by boiling a solution of acetate of lead, with the requisite 
atomic proportion of litharge : on eraporation, it falls os a white crystal- 
line sediment, of a sweet astringent taste, and soluble in water. Its 


constituents are 

Thornton. 

Oxide of lead 2 . . 224 . . 61.2 

Acetic acid 1 . • 61 . . 14.0 

Water 10 . . 90 . . 24.8 


Hydrated diacetate of lead . . 1 


365 100.0 


Trisacetate op Lead, (s Pl +aC^.) This tribasic acetate, has long 
been known, in solution, under the name of Goulard^ s Extract of Lead. 
It is the Liquor plumbi subacetaiis of the Pharmacopoeia. It is prepared 
by boiling excess of finely-powdered protoxide of lead in a solution of 
the acetate, or in dilute acetic acid. About 15 parts of litharge to 10 of 
the oiystallized acetate, may be used ; about 6 parts are dissolred ; and the 
solution, filtered and evaporated, leaves an uncrystallizable and anhy- 
drous trisacetate. It is soluble in water, but insoluble in alcohol. It 
has an alkaline reaction. It is a very susceptible test of the presence of 
carbonic acid, which it absorbs from the atmosphere, and suffers a pro- 
portionate decomposition: even distilled water is seldom so free from 
carbonic acid as not to be rendered turbid on the addition of a few drops 
of the solution of this salt. It forms precipitates in all solutions which 
affect the neutral acetate, and it throws down the greater number of 
organic compounds, hence its use in many cases of analysis. The anhy- 
drous salt consists of 


at 

Oxide of lead . . 
Acetic acid . . . 

3 

1 

336 

61 

86.82 

13.18 

BgrwUuf. 

86.77 
. . 13.23 

Trisacetate of lead 

1 

387 

100.00 

100.00 

Hexacetate of Lead. 
lead and 2 of litharge are 

(sPl+OC/.) 
boiled^ together. 

When .1 part of acetate of 
or when acetate of lead is 


decomposed by excess of ammonia, a white powder is obtained, of very 
sparing solubility, and consisling of 


Oxide of lead 

6 

672 

89.00 

Berseliiis. 
. . 91.3 

Acetic acid 

1 

61 

6.80 

6.7 

Water 

3 

.. 27 

.. 3.00 

3.6 

Hydrated hexacetate of lead 

1 

700 

100.00 

100.0 


AoiTAXBOB Ahxuwbt. This aalt, formed by djgating the protoxide 

m vmegar, was once employed as an emetic. 

ktmtm OF Biitrom may be formed by adding nitrate of biimutb to 
a concentrated solution of acetate of potassa; a precipitate which 
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r6dissolve$ on the application of heat, and afterwards affords scaly ciystals. 
The addition of acetic acid to nitrate of bismuth prevents its precipitation 
when diluted* (Morveau, Ency. MSthod. Ciiimie.) 

Acetate op Uranium forms four-sided prismafic eirystals of a yellow 
colour. 

Acetate of Cerium. Recently-precipitated oxide of cerium readily 
dissolves in acetic acid, and yields small crystals on evaporation, of a 
sweetish taste, permanent, and readily soluble in water. (Hisinger and 
Berzelius : Qehlen's Jbiir., ii. 414.) 

Protacetate op Mercury (Ho + Q€^) is most readily formed by 
mixing a solution of protonitrate of mercury with acetate of potassa. 
For this purpose dissolve three ounces of mercury in about four ounces 
and a half of cold nitric acid, and mix this solution with three ounces of 
acetate of potassa previously dissolved in eight pints of boiling water, and 
set the whole aside to crystallize, which takes place as the liquor cools, 
and the acetate of mercury then separates in the form of micaceous 
crystalline plates, which are to be washed in cold water, and dried on 
blotting-paper. (Edin. Phar.) In preparing this salt, the quantity of 
w'ater for dissolving the acetate need not be so large as above directed, 
one pint being sufficient, but it is necessary to pour the mercurial solu- 
tion into the acetate. This ^t has an acrid taste, and is very difficultly 
soluble in water, reqmring, according to Braconnoi (Ann, de Ckim,^ 
Ixxxvi., 92), 600 parts of water. It is insoluble in alcohol. It was once 
used in medicine. It consists of 

pumas. Garut 

Protoxide of mercury . , 1 ... 208 ... 80.2 .. 80.66 ... 70.7 

Acetic acid . . • . . 1 ••• 51 10.8 . . 10.34 ... 20.3 

Protacetate of mercury • • 1 250 100.0 100.00 100.0 

Peracetate op Mercury ( Ag* + « O + OO') is obtained by boiling 
peroxide of mercury in acetic acid; on cooling, nacreous crystals are 
deposited, readily soluble in >vater, and composed of 

Stromryer. Gan>t. 

Peroxide of mercury . . I ... 216 ... 66.9 ... 67.6i(l ... 67. 

Acetic acid ..... 2 ... 102 ... 33.1 ... 32.336 ... 33. 

Peracetate of mercury . 1 318 100.0 100.000 100. 

Acetate of Silver. (Ao + OC''.) This is a very difficultly-soluble 
salt, and much resembles ihc protacetate of mercury. It is deposit^ in 
lamallar crystals whcn acetic add is added to a strong solution of nitrate 
of silver; it is abundantly precipitated from a mixed solution of nitrate 
of silver and acetate of soda. Its difficult rolubility renders nitrate of 
silver useful occasionally as a test of acetic add. It drnsists of 


Oxide of silver . . 1 

... 116 

69.46 

Dunwt. 

... 70.33 

Acetic acid ... 1 

51 

30.54 

29.67 

Acetate of silver « 1 

167 

100.00 

loaoo 

Acetate of Alumina. 

This salt is 

extensively 

employed ‘by dyei 


and calico-printers as a basis or mordant for fixing a great variety of 
colours; it is usually made by mixing solutions of dum and acetate of 
lead. About Slbs. of alum are dissolved in dj^t gallona of watot, «ld a 

4cl. 
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pound and a half-of sugar of lead stirred into it ; a copious formation of 
sulphate of lead ensues, which is allowed to subside, and the clear liquor 
holding acetate of alumina and a portion of undecomposed alum in solu* 
tion, is then drawn off; a portion of pearlash and chalk being added to 
it previous to use, in order to saturate any excess of acid. This salt is 
also produced by the mutual decomposition of acetate, of lime and alum. 
A gallon of a solution of acetate of lime, of a specific gravity of about 1.050, 
equivalent to nearly half a pound avoirdupois of dry acetic acid, is 
employed for every 2f lbs. of alum. (Ure's Dictionary ^ Art. Alumina.) 

Acetate of alumina, formed by digesting recently-precipitated alumina 
in acetic acid, may be procured in deliquescent acicular crystals of an 
astringent taste, and containing, according to Richter, 73.81 acid + 26.19 
alumina: hence it is probably a hinacetaie. 

The solution of this salt becomes turbid when heated, and again 
transparent on cooling; a curious circumstance, first observed by Gay 
Lussac, and depending upon a temporary decomposition of the acetate; 
whether the deposit be alumina or a subacetate seems not understood ; 
it is prevented in the solutions used by the calico-printer, by excess of 
alum. 

Pyroacetic Spirit; Pyro acetic Ether; Acetone. This product 
was obtained by Derosne, along with acetic acid, by the destructive dis- 
tillation of acetate of copper. (Ann. de Ckim.^ Ixiii., 267.) Chenevix 
obtained it from other acetates, and it has subsequently been examined 
by Macaire and Marcet (Ann. of PhiLy N. A., viii., 69), and by ddebig 
and Dumas. (Ann, de Ckim. et Phys,^ xlix.) Wlieii acetate of lime is 
carefully distilled, it yields a considerable portion of this product; it may 
be freed from water and empyreumatic oil, by repeated rectification over 
chloride of calcium. It is, when pure, a colourless limpid liquid, highly 
inflammable, of a peculiar penetrating and somewhat aromatic odour; 
specific gravity = 0.792 at 64°. It boils at 132°, and the density of its 
vapour is, according to Dumas, 2.019. It mixes in all proportions with 
neater, alcohol, ether, and oil of turpentine; it is not affected by exposure 
to air; it may be distilled without change over the caustic alkalis and 
chloride of cdcium; but when mixed with fixed alkaline r^olutions, and 
exposed to air, oxygen is absorbed, and a brown matter slowly formed. It 
dissolves saline substances generally, less copiously than alcohol. Distilled 
with chloride of lime it yields chloroform, (p. 1106.) Gaseous chlorine 
is absorbed by it, with the evolution of muriatic acid and the formation 
of a peculiar oily fluid of the specific gravity 1.33, and composed of 
(3 car + 2 A + c + O.) Liebig. 

The ultimate components of pyroacetic spirit appear to be 

Dumot. Mueair« aud Mnroe t 


Gazbon . , « 

. . 3 

... 18 . 

.1 62.0 . 

.. 62.5 . 

.. 55.30 

Hydrogen . . . 

. . 3 

... 3 . 

.. 10.4 . 

.. 10.2 . 

8.20 

Oxygen . . , 

. . 1 

. 8 . 

.. 27.6 

.. 27.3 . 

.. 36.50 

Pyroacetic spirit 

. . 1 


100.0 

100.0 

100.00 


. Thft product analyzed by Macaire and Marcet was probably not pure. 

uebig and Dumas have observed that anhydrous aerate iff baryta in 
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resolved by heat into pyroacetic spirit and carbonate of baryta, and itv«rill 
be found that 

' 1 equivalent of acetic acid sr 51, or ( 4 CQfT + 3^ + 30) 

may be exactly resolved into 

1 equivalent of pyroacetic spirit 2 = 29, or ( 3 CaT + 3^ + 0.) 

1 carbonic acid 2 = 22, or ( CdT + 2 0.) 

Pyroxylic Spirit; Pyroligneous Spirit; Bihydrate op Methy- 
lene. (From itAeOw, tvine^ and vAij, wood.) We owe the discovery of this 
highly-interesting product to Mr. Philip Taylor {QjuarL Jour, of Science^ 
xiv., 436); it was afterwards examined by Macaire and Marcet {Bibl. 
Univ, and Ann, of Phil,^ N, S,, viii. 62), then by Dobereiner, by Colin, 
and by Liebig, and lastly by Dumas and Peligot. (Dumas, Ckitn, App, 
aux Arts^ v., 419,) When w^ood is subjected to destructive distillation 
there is formed, along with the tar, acetic acid, and other products which 
I have already described, a variable portion of a highly-inflammable and 
volatile liquid; it may be separated, to a certain extent, from the water 
and acetic acid, by distillation and separation of the first products ; and 
these, redistilled and rectified over quicklime, at length afibrd the pure 
pyroxylic spirit^ or alcohol of wood. If it contain ammonia, it must be 
neutralized, previous to its last rectification, by sulphuric acid *, 

Pyroxylic Spirit is a limpid liquid, of a peculiar odour, partaking 
of that of alcohol and acetic other, with an aromatic taint which has been 
compared to peppermint. Its taste is hot and pungent. Its specific 
gravity at 60° is about 0.800. It boils at 150°; if heated in a retort, 
even in a water-bath, the sudden extrications of its vapour are trouble- 
some, and may be prevented by the presence of a little mercury, which 
equalizes the distribution of heat. The density of its vapour is 1.115. 
It is not altered by exposure to mr, but when subjected to the slow 
action of the black platinum (831,) it yields formic acid; not acetic acid, 
as is the case wdth alcohol. 

Chlorine acts less powerfully on pyroxylic spirit than on alcohol, and 
heat is required to accelerate their mutual action; it gives rise to the 
production of two liquids of very difierent degrees of volatility; that 
which is least volatile forms a crystallizable compound with ammonia. 
Chloride of lime acts upon pyroxylic spirit as it does upon alcohol ; it also 
dissolves potassa and soda with similar phenomena. It dissolves baryta 
with the evolution of heat ; and with solution of potassa and sulphuret 

* The experiments which have been | cheap substitute for spirit of wine. The 
made upon pyroxylic spirit, show its chemical characters of p^roj^/ic spin/, as 
close connexion with alcohol, and lead | opposed to those of o/ooAoI, are apparently 
ns to suspect that, at no very remote sufficient, when carefuUy observed, to 
period, alcohol will rank among the other enable us satisfactorily to distinguish 
extraordinary products which are de- them; but articles are imported under 
rived from lignin. Although this jpirir the name of pyro/tpitsotis r/Aer, spin/, &C., 
has not, I believe, as yet been rendered which are most suspiciously identical 
palatable, or resorted to as a stimulant, with alcohol, and which, if not closdly 
it is much used as asubstitute for alcohol examined, may lead to serious fiunds 
in the manufacture of varnishes and upon the* revenue: strong alcohol, dis- 
other purposes of the arts ; it is also guised as to smeU and taste^ as in tllOSS 

oommonly employed (often under the respects to resemble pyroxylic spirit, bn 
name of nap^Aa) to burn in lamps, as a already been found in the market* 
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of carbon, it forms a product which resembles Rise’s hydroxan^ate of 
potassa. Its solrent powers, in regard to taUs, closely resemble those of 
aJcohol, and it may be substituted for alcohol m the prej^tion ot 
fulminating silver, though the action is less violent and the product 
smaller in quantity. It dissolves the resins, and may be usw as -an 
excellent substitute for alcohol in all varmshes; indeed its superior vola- 
tility renders it preferable. 

Pkotohydrate op Methylene. When 1 part of pyroligneous spirit 
is distilled with 4 of sulphuric acid, abundance of gas is evolved; when 
this is collected over mercury, it is found to consist of carbonic and 
sulphurous acids, which may be abstracted by potassa, and of hydrate qf 
methylene^ a gaseous body, having a specific gravity =: 1.61, and com- 
posed of 

Sp. Gr. 

1 volume carbon vapour .... 0.8432 

2 hydrogen gas 0.1376 

1 aqueous vapour .... 0.6200 

1.6008 (Dumas.) 


This gas, therefore, according to Dumas, is isomeric with alcohol, and 
the vast difference in their respective properties depends upon the different 
densities of their hydrocarbon ; the hydrogen and carbon which constitute 
1 volume of alcoholic hydrocarbon, forming 2 volumes of methylic hydro- 
carbon. 

This gas is colourless, of an ethereal odour, and bums with a flame 
resembling that of alcohol ; water dissolves about 37 times its volume of 
it, at 65% and acquires an ethereal odour and pungent taste ; it is more 
soluble in alcohol and in pyroxylic spirit; it also £ssolves in sulphuric acid, 
and is again evolved when water is added. It is presumed to consist of 1 
atom of methylene and 1 of water. 

Combinations of J^Iethylene with the Hydracids. The hydracids act 
upon pyroxylic spirit, producing compounds analogous to the ethers of 
those acids, the water of the pyroxylic spirit being thrown off, and 
replaced by the acid, in such a way that each volume of the new com- 
pound includes 1 volume of methylene and I volume of the acid ; these 
compounds are neutral, and show no indications of their included acids 
to tests, till the combination is destroyed by a red-heat or by inflam- 
mation. 

Muriate op Methylene. This compound is best obtained by heat- 
ing a mixture of 2 parts of chloride of sodium, I of pyroxylic spirit, and 
3 of sulphuric acid ; a gas is evolved, which may be received over water, 
and which is pure muriate of methylene, any impurities being abstracted 
by the water. This gas is not condensible at 0% it is colourless, 
of an ethereal odour, and sweet taste, and bums with a greenish-white 
flame. Water at 60% dissolves 2.8 volumes. It is quite neutral, and 
gives no precipitate with solution of nitrate of silver, resembling in these 
respects muriatic ether. Its density, determined by experiment, is 1.786, 
and analysis shows that it contains 1 volume of methylene. As the den- 
sity of muriatic acid gas is ss 1.247^ it is obvious thoit this ether is 

wanposed (tf 1 volttme of metJxylone, and 1 Tolome of munaitc acid gas» 

condensed into.l volume, for / 
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1 Volume of methylene .... 0.4904 

1 Muriatic acid gaa . . 1.2474 

1 „ Mui^te of methylene 1.7378 

Combinations of Methylene with the Oxyacids. The action of 
the oxyacids upon pyroligneous spirit, gives rise to two classes of products ; 
the one corresponding to the compound ethers formed by alcohol ; the 
other analogous to the sulphovinic or phosphovinic acids. The first are 
neutral, and contain 1 atom of methylene, 1 atom of acid, and 2 atoms of 
water ; they are more volatile and more stable than the corresponding 
alcoholic compounds. . 

Sulphate of Methylene is produced in the form of a heavy oil-like 
liquid, during the distillation of 1 part of pyroxylic spirit with 8 or 10 of 
sulphuric acid ; when the oil is purified, it has an ^liaceous odour ; its 
specific gravity is 1 .324; when anhydrous it admits of redistillation with- 
out decomposition; cold water slowly decomposes it, but boiling water 
instantaneously, resolving it into regenerated pyroxylic spirit, and into 
fulphomethylic acid; it is also decomposed by the hydrated alkalis. 

The composition of this oil is stated by Dumas to be 22.5 methylene, 
63.3 sulphuric acid, 14.2 water. 

In regard to the other combinations of methylene, I must refer to the 
authorities quoted, or to Dumas, {fihim, App. aux. ArUy v.) 

According to Dumas and Peligot, pyroxylic spirit is composed of 


Carbon 2 

• • 

12 

37.4 

Dimiat. 

37.97 

Hydrogen .... 4 

• # 

4 

12.6 

r2.40 

Oxygen .... 2 

• • 

16 

50.0 

. . 49.63 

Pyroxylic spirit . • 1 


32 

100.0 

100.00 

These numbers arc equivalent to 
Olefiant gas .... 1 


14 

43.8 

Water 

2 

• • 

18 

56.2 

Pyroxylic spirit . . . 

1 


32 

100.0 


But the term methylene is applied, not to olefiant gas, but to a kydro^ 
carbon of which 1 volume contains 1 atom of carbon and 1 of hydrogen, 
so that its density is just half that of olefiant gas, being, according to 
Dumas, 0.4904; and in representing it by the equivalent 14^ it is 
assumed that its atom corresponds to two volumes: if its equivalent be 
called 7, it will then correspond with its density, in reference to hydrogen, 
as = 1, and in that case, pyroxylic spirit will be represented by 

Voli, Sp. Or. 

Methylene 1 . . 7 • • 43.8 . . 1 . . 0.490 

Water . 1 . . 9 . . 56.2 . . 1 • . 0.025 

Pyroxylic spirit 1 16 100.0 1 1.116 

And the gaseous hydrate of methylene called above, the pnOohydrate^ Will 
consist of 

Vol.. Sp-Or, 

Methylene 3 . . *14 . . 60.9 . . 9 . . 0.980 

Water . I .. 8 . . S8.1 . . I . . 0.885 ' 

IMhydnteMmeUiyl<oe 1 93 100.0 1 L800 ,, 
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^ muriiOe qf mahtfUne, in reference to thb view, will thw 
of 

VoUl 9|». Gr. 

Metliyleue . 2 . . 14 • • 27*^^ • • 2 • • 0.9fl0 

Muriatic acid 1 37 • • 72*3 . . 2 • . 2*494 

7 51 100.0 2 1.737 

The nature of methylene or the hiise of pyroxylic apirit requires 
further examination, but if the preceding views be correct, it furnishes the 
compound of 1 atom of carbon and 1 of hydrogen, which was required to 

complete the series of hydrocarbons; its 
formula is {CCLT+k) and its equivalent 
7, and in reference to the diagrams 
which I have elsewhere employed, it 
may be represented ns in tbe margin. 

It is impossible to review the facts which have been adduced respect- 
ing the atomic constitution of the various hydrocarbons, and their relations 
to oxygen and other substances, in tbe character of bases^ without favour- 
able anticipations in regard to the ultimate influence of these inquiries, in 
simplifying our views of organic compounds. Some of the theoretical 
inferences bearing upon this subject have perhaps been carried too far, 
and others are purely hypothetical, hut it is only by thus viewing the 
question in different lights, and by associating and comparing the expe- 
rimental results, that the problem respecting the atomic constitution of 
organic compounds can he ultimately solved ; it will then, no doubt he 
found that the complexity and incongruities which hang over the subject 
are apparent only, and that tlie fundamental doctrines of organic chemistry 
will admit of some simple enunciation. 

Lactic Acid. This acid, as its name imports, was originally discovered 
in sour milk (Scheele, Opusc: ii. 101.) it was then recognised by Berzelius, 
in many animal fluids, and afterwards by Braconnot, as a prc^uct, along 
ivith acetic acid, of the sour fermentation of rice-meal, wheat-paste, 
the juice of the beet-root, and other vegetable substances ; he gave it the 
name of nanceic acid (from Nancy, the place of his residence.) It 
has also been termed Zumic acid {from leaven,) It was supposed 
to he a compound of acetic acid with organic matter, but the error of tliat 
conclusion has been proved by Pelouzc and Jules Gay Lussac (Anm de 
Chim,^ Lii., 410.) It has been found by Coriol combined with lime and 
magnesia, in the fermented infusion of nux vomica, (Joiir. de Phar, 
xix., 155, 373.) 

Lactic acid may be obtained as follows: — Expose the expressed juice 
of beet-root to a temperature between and 86®; in some days fermen- 
tation comes on, and continues for about two months ; when this has 
ceased, the juice is evaporated ter the consistency of symp, during which 
crystals of maitntVe separate: it is then treated by alcohol, which takes up 
lactic acid, and which maybe to a certain extent purified, by evaporation, 
and ^lution of the residue in water; a portion of insoluble impurity 
remains: this ^I^us solution of the impure lactic acid is then saturated 
y carbonate of zinc; the soluble lactate of zinc is sepadj^ by filtration, 
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and cr 3 r 8 taUi 2 ed; it is then redissolyed in water, boiled with animAl 
charcoal, and filtered whilst hot; on cooling, the lactate qf zinc separates: 
in white crystals, which are washed with alcohol, decomposed by baryta^ 
and the lactate of baryta, which is soluble, is decompos^ by sulphuric 
acid. By a similar process lactic acid may be obtained from thoroughly 
sour milk. The aqueous solution of the acid may be concentrated in 
vacuo, and finally rendered quite pure, by solution in ether, which leaves 
a little flocculent matter. 

Lactic Acid is colourless, inodorous, very sour, of a syrupy consistence, 
and its specific gravity is 1.2l5; it attracts moisture from the air, and 
dissolves in all proportions in wa^er and alcohol, and in smaller quantity 
ill ether. It easily coagulates milk, and has a considerable solvent power 
over phosphate of lime, which induces Berzelius to regard it as the solvent 
of that salt in many animal fluids. Added to a strong solution of acetate 
of magnesia, it forms a granular precipitate of lactate qf magnesia^ and the 
odour of acetic acid is exhaled. 

When lactic acid is cautiously heated, it first becomes more liquid, it 
then yields inflammable gases, acetic acid, and a white sublimate, which is 
crystallized lactic acid^ and chdrcoal remains. These crystals, dried by 
pressure in bibulous paper and dissolved in alcohol, yield perfectly white 
rhomboidal tables, fusible at 225^, and volatile at 472^; this vapour again 
condenses in crystals, which when dissolved ii> water, yield an acid 
exactly resembling the original : according to J. Gay Lussac and Pelouze, 


the crysUillized acid is anhydrous and consists of 
Carbon .... 6 . . 36 

50.0 

Hydrogen ... 4 

4 

5.6 

Oxygen . . . . * 4 

32 

44.4 

Anhydrous lactic acid 1 


100.0 

The lactic acid, as it exists in the neutral lactates in their driest state. 


and exclusive of water of crystallization, carries with it one atom of water, 
or of the elements of water, and is therefore, in tliem, represented by 72 
-f 9 or 81; its formula being {cC€LT+ 5^+ sO.) 

The syrupy acid includes 2 atoms of water, so that in combining with 
bases it throws off 1 atom, and retains 1, whilst the crystallized acid, in 
similar cases, resumes an atom of water. No anhydrous lactate therefore 
has been obtained. 

Characters of the Lactates. All these salts are soluble, and many 
of them are uncrystallizablc. The lactates qf potassa^ and of soda are 
deliquescent and soluble in alcohol; they yield crystalline masses by 
evaporation in vacuo. Lactate qf ammonia is deliquescent and unciystal* 
lizable. Lactates qf baryta,, and qf lime yield gam>like masses; those of 
alumina,, of peroxide qfirouy and of copper are uncrystallizable; lactate 
qf magnesia is crystallizable, and lactate qf zinc yields four-sided prisms, 
sparingly soluble in water and insoluble in alcohol; th^ contain 4 atoms 
of water. Lactate qf silver forms white acicular crystals. 

Putrefactive Changes of Vegetable Substances. The phenomena 
of vegetaWe putrefection, or o( p^refadive fementiUmy hare been very 
imperfectly investigated, and it is the general eflfects only of these changes^ 
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and not their causes, or intimate nature, that haye been hitherto 
deyeloped. Much that will be stated in the next chapter in reference to 
animal putrefaction applies also to that of vegetables ; they are both 
occasionally productive of infectious poisons, but the effluvia of the latter 
are chiefly such as give rise to intermittent fever, whilst the former 
produce remittent and typhoid diseases. The circumstances and agents 
which 1 shall have occasion to notice as modifying, retarding, or accele- 
rating animal putrefaction, are generally similarly effective in regard to 
vegetables, and in many other respects the two series of phenomena are 
closely analogous; but the almost uniform presence of nitrogen, sulphur, 
and phosphorus, in animal products, and their comparative rarity in 
those of the vegetable kingdom, render the putrefactive effluvia of the 
latter less fetid and disagreeable; ammoniacal compounds, and sulphu- 
retted and phosphuretted hydrogen, being in the latter cases, seldom 
produced, or at all events, in insignificant proportion. 

When moist vegetables are heaped together they undergo, in warm 
weather, a species of fermentation, attended by the evolution' of heat to 
such an extent as sometimes to excite combustion, and therefore indicative 
of intense chemical action; of this, a familiar instance is afforded in the 
spontaneous ignition of hay which has been stacked in a humid state ; it 
heats, smokes, and evolves a peculiar odour, and if not cooled by exposure 
to air, it breaks out into flame, or suffering a slower species of combustion, 
becomes charred and decomposed. 

When vegetables putrefy in water, it frequently happens that the 
process is accompanied by the appearance of microscopic animalcules^ and 
the death and decomposition of their successive generations, affect the 
products, and give them, in some instances, more or less of an animal 
character. These changes, like the former, are much affected by tem- 
perature and other circumstances. In stagnant water the soluble sub- 
stances of the vegetable arc first extracted, and the infusions thus 
produced are of course as various in the changes which they undergo, as 
in the nature of their contents: their decay is sometimes rapid find 
offensive; sometimes the biy wn colour, and a tendency 

to mouldiness; an^^ tl^* fi%ieh lie at the bottom, and 

are, therefore, ottl^^ ttie reach of air, are very slowly disintegrated and 
resolvedanto a black mud, in which carbon is predominant: such changes, 
however, are sometimes so tardy, that some kinds of wood, protected 
perhaps by resinous and other less-perishable products, have reinain<Hl 
for centuries under water, and have retained their characteristic 
properties. 

The influence of the destructive fermentation or putrefaction of various 
Vegeta]^ substances as manures^ has already been mentioned (p. 878) ; 
and ^Ker the head of Vegetable Extract^ I have noticed the brown ‘ 
residue of the gradual decay of plants. All these changes deserve to be 
closely inyesti^ted; they are not only interesting as matters of abstract 
qjiemical inquiry, but they have important and immediate bearings upon 
some of the most obscure parts of geology; those which relate to the 
destructum of the forests of the ancient world, to the changes which they 
have successively suffered in the depths of tiie oceaiL and to iheir ultimate 

convernon into the varietms of coo/. 
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Chaptsb VIII. 

A-NIMAL PRODUCTS. 

The principal ultimate elements of anhnai substances are the same as 
those of vegetables, namely, carbon, hydrogen, oxygen, and nitrogen; 
but nitrogen is more generally present, ''iid sulphur and phosphorus are 
more commonly super^ded. The humidity of the proximate components, 
their organization, and their ultimate composition are such, as in many 
cases to render them extremely prone to change, after the loss of vitality; 
and the very circumstances which contribute to their permanence and 
stability whilst under the influence of life, are, apparently, those which 
after death, render them particularly susceptible of decomp98ition. The 
putrefaction of animal substances is distinguished from that of most 
vegetables by the nauseous stench which attends it, partly arising from 
the presence of sulphur and phosphorus in the gaseous products, and 
partly from other combinations, with the exact chemical nature of which 
we are unacquainted. 

The solids of animals derive their soft, flexible, or elastic texture, 
partly from their peculiar retentive power in regard to water ; for, though 
not wet or moist, in the common acceptation of the term, they some- 
times contain four-fifths their weight of water* part ot which may be 
squeezed out or dried oflF, when they become hard, brittle, or translucent, 
but again swell up and regain their former appearance on being immersed 
in w’ater : this desiccation, however, always kills the part ; if we perhaps 
except some among the lower orders of the animal creation, which are 
said to admit of being dried, and agmn revive when moistened. Under 
bis view of the subject., therefore, a living animal may be regarded as a 
ih/iss of organized matter, softened by wrater, probably to the amount of 
<iut three-fourths of its total weight. It has been ascertained that 
iiotliing but pure water gives the peculiar flaccidity and softness to which 
I have alluded : salt water, spirits, o^ and all other liquids, producing 
very diflerent effects. When mimaeopically cxanuiied, these soft solids 
generally appear to be made up of small globuhir ^inrticles, of the nature 
of which, as far ns muscular fibre is concerned, we shall liarN^io speak 
afterwards. 

When animal matter is subjected to destructive distillation^ ammonia 
is a leading product ; it is generally' more or less saturated by carbonic, 
and occasionally by other acids, and often in the state of solid carbonatt, 
or dissolved in water and contaminated by empyreumatic oil ; the sab 
and spirit of hartshorn of old pharmacy, are products of this d||pTiption, 
and the same are afforded by common bone, provided the been 

previously separated ; for animal, like vegetable &t, yields distinefl pro- 
ducts, being destitute of nitrogen. The empyreumatic oU formed in 
those processes, and often termed DippePs oU, fost passes over of a pale- 
yellow colour; it gradually becomes darker and thicker; but ^en 
redistilled writh water, it is nearly colourless, of a penetrating odour, and 
gradually acquires a brown colour by exposure to air; it is alkaline, 
soluble in alcohol, inflamed by nitric acid, and by somewhat diluted nitric 
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acid it becomes resinous ; it is soluble in muriatic acid, and precipitated 
by sulphuric and nitric acids ; and by alkalis in an altered and appar 
rently resinous state. The iar associated with this oil, fa^ been before 
noticed as a source of eupion, (985.) Thi^ and the oil, hare been 
examined by Unrerdorben, who has found in them no less than four 
distinct substances, which he considers as salifiable bases ; namely, 1 
odorin (from odor), obtained by saturating the ammonia in the rectified 
oil, by nitric acid, then pouring off the oil, and distilling it in a water- 
bath ; the first portion which passes over is odorin ; it has the concen- 
trated odour of DippeTs oiV, and combines with the acids, forming 
peculiar oily salts; it also forms double salts, in conjunction with 
several other salifiable bases. 2. Animin^ (from animal^) is contained in 
the oil which succeeds the odorin; this, washed with water, saturated 
with sulphuric acid, smd distilled, leaves animin; it is an oily fluid, 
having the odour of purified salt of hartshorn. 3. Olanin, (from the 
first syllables of oletnn animale) remains in the retort after the odorin 
cmd animin have distilled over ; when washed with W’ater, it resemliles a 
fat oil ; and when exposed to air it becomes brown, and is converted into 
fuscin. 4. AmmoHn^ (from the first syllables of ammonia and oleum,) 
is obtained from the crude or unrectified animal oil. Unverdorben has 
also describe<l another salifiable base, wiiich he obtains from animal 
empyreumatic oil^and which, as it forms crystallizable compounds with 
the acids, he has termed krpstaWn. Tlie details of these researches, 
which arc complicated, are contained in Poggendorff* f Journal, (viii. and 
xi.,) and abstracts of them are given by Berzelius and Gmelhi; it 
appears probable, that some of the supposed educts, are produced by the 
various processes to vrhich the oil is submitted for their separation ; 
those who are engaged in researches connected with this subject, must 
consult the original papers. 

The gaseous products of the destructive distillation of animal matter 
are extremely various, and easily modified in quality as well as quantity, 
by the manner in which the process has been conducted ; the charcoal 
which remains after the separation of the volatile principles, has been 
already repeatedly noticed as peculiarly adapted to the removal of colour, 
odour, and taste, from various solutions ; and in consequence of the salts 
which it contains, and especially the phosphates, it resists incineration, 
and requires particular management when its incombustible contents arc 
to be separate. 

Putrefaction and Prfjservation of Animal Matter. The pheno- 
mena of animal putrefaction are extremely varied and complicated, and 
are easily affected by extraneous causes, such as temperature, air, mois- 
ture, and other agents. The changes which are thus produced in 
individual parts of animals, will be noticed in the sequel, but a few 
general obsen^ions may be made here, in reference chiefly to circum- 
stances which influence or modify the process. 

‘ The influence of temperature is commonly known; every one is 
acquainted with the preservative powers of cM; and when animal 
matters arc subjected to Mghcr temperatuies than those of wann 

chmates, they undergo changes which do not come within the meaning 
0 € term putrefaction. The greater number of animal substances are 
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indefinitely preserved at or below the freezing-temperature, and when 
slowly thawed, they generally regain their original characters ; it is in 
this way that supplies of animal food are kept in a fresh state in many 
parts of the north of Europe, and that fish is preserved for the London 
market ; a remarkable instance of the preservative power of cold was 
exhibited in the ancient elephant, found incased in a mass of ice, at the 
mouth of the river Lena, in Siberia. 

Moisture is another esbential to putrefaction ; when flesh is carefully 
and thoroughly dried^ either by a current oi' ws^ and dry air, or by 
other methods which do not alter its composition, it resists decay ; it 
has thus occasionally happened that corpses have been preserved by 
accidental desiccation ; and animal substances which are either naturally 
dry, or rendered so by art, retain their nutritive powers, and resume their 
former appearance when cautiously moistened. The various forms of 
l^latine, whilst kept dry, are imperishable ; whilst in aqueous solution, or 
rh their original humid state, they are the most perishable of the animal 
proximate principles, as skin and the varieties of tremulous jelly show. 

Air^ or at least oxygen^ if not absolutely essential to, is a powerful 
promoter of putrefactive changes, and under certain circumstances, its 
exclusion, indefinitely retards them* ; it is thus, that in Appert's method 
of preserving animal and vegetable food, the substances are hermetically 
sealed in tin canisters, and then par-boiled; the included oxygen becomes 
converted into carbonic acid, or enters into other combinations. Oil, 
butter, suet, and such substances, are sometimes similarl}' effectual ; and 
potted and pres<‘rved meats, when covered with a film of fatty matter, 
itself not prone to change, are in that way preserved from the contact of 
air. The manner in which various saline substances, and especially 
common salt, act, is not very clearly understood ; it is partly by desic- 
cation, or abstraction of moisture, and by a corrugating po>vcr over the 
animal fibre; and partly by the production of new compounds arising 
out of the neutral action of the salt employed, or its elements, upon 
the organic matter; the preservative powers of corrosive sublimate, 
sulphate of copper, acetate of copper, the corresponding salts of iron, 
and very many other similar compounds, are of the same description. 
These antiputrefacti ves are generally coagulators of albumen ; and alcohol, 
kreosote, and some of the dilute acids, have the same power, and are 
effective preservatives. Among vegetable products, the various forms of 
tannin act apparently by direct union with the animal fibre, producing 
combinations which are insoluble in water, which resist the joint agency 
of air, lieat, and moisture, and which admit of desiccation. Sugar, 
which is sometimes employed as a substitute for salt, acts apparently by 
its affinity for water; and meat, which has been deprived by these or 
other means, of only a part of its water, becomes infinitely le^s suscep- 
tible of putrefactive changes. The ancient Egyptians, seem to have 

* Hence, the rapidity of putre^tive modified in its results. Meat hnniiritM 
changes in pure oxygen, and their in water previously boiled to exj^l air, 
retardation in gases which either do not and then covered by a layer of oil, to 
contain it, or in which it is held by prevent its subsequent absorptioiij moj 
superior attractive power. Even under long be kept fresh ; the presence of irpu- 
water, when oxygen is strictly excluded, filing and of sulphur in the water, 
putrefaction is greatly retarded and assist in this species of preservation. 



akimal peoducts. 


1134 

availed themselves of almost all these methods of preservation in 
embalming their mummies, as appears from the researches of Dr. Gran- 
▼iUe and of Mr. Pettigrew, in reference to this curious subject. 

When the flesh of animals is subjected to the action of running water, 
it is occasionally converted into a peculiar fatty matter, which has been 
termed adipocere (from adept and cera y) it somewhat resembles sperma- 
ceti in appearance, and was supposed to partake of the properties of 
and wear. In the year 1789, Fourcroy communicated to the Royal Aca- 
demy of Sciences at Paris a carious account of the changes sustained by 
the human bodies interred in the cemetery of the Innocents in that city ; • 
some of these had been piled, for a succession of years, closely upon 
each other, in laigc cavities containing from one thousand to fifteen hun- 
dred individuals. One of these graves, opened in Fourcroy's presence, 
had been full, and closed for fifteen years. When the coffins were 
opened, the bodies appeared shrunk and flattened, and the soft solids 
were converted into a brittle cheesy matter, which softened and felt 
greasy when rubbed between the fingers. The bones were brittle ; and 
t||e texture of the abdominal and thoracic viscera no longer discernible, 
but lumps of fatty matter occupied their places. 

It is not uncommon to find masses of this adipocere in the refuse of 
dissecting-rooms, especially when heaps of such oflal are thrown into pits 
and wells, and suflered gradually to decay. The carcasses of cats and 
dogs, and other dro^vned animals, also often exhibH more or less of a 
similar change; and Dr. Gibbes {Phil. Trans. ^ 1794,) found that lean 
beef, secured in a running stream, underwent a change into fat in the 
course of three weeks. Fat, and the adipose parts of animals, also 
undergo a change in appearance and composition under similar circum- 
stances : tallow becomes brittle and pulverulent, and may be rubbed be- 
tween the fingers into a white soapy powder. 

Gay Lussac, Chevreul, and some others, conceive that muscular fibre, 
skin, &c., is not convertible into adipocere, but that this compound re- 
sults entirely from the fat originally present in the substance, and that 
the fibrin is completely destroyed by putrefaction. There are cases, how- 
ever, in which the conversion of muscle and of fibrin into fat can scarcely 
be doubted, {Ann of PkiLy xii., 41,) though the propriety of applying 
the term adipocere to such fatty matter may be questionable. The action 
of very dilute nitric acid upon some of the modifications of albumen is 
also attende ^bgjji eir conversion inftyip adipose substance. 

The chemflHIproperties usually |R||bed to adipocere are the follow- 
ing : it fuses ^Fa^mperature below ; it dissolves in boiling alcohol, 
and the greater portion is deposited as the solution cools ; the action of 
ether resembles that of alcohol ; it is saponified by the fixed alkalis, but 
not |)y affiflionia. It would appear, however, from Chevreul’s experi- 
me^^Aat adipocere is not a mere modification of fat, or a simple pro- 
it is a soap composed of nuirgaric acid^d ammonia. 

eSMBwed with the putre&^ve changes of orgaiX matter are those 
ext^rdimry products of death and of disease Imown under the name 
of infectious and cmagms maUm; their chemical natim un- 

Wwn, except in so far that they appear to possess the generauBl^ 
of organic compounds, and one decomposed and resolved inliilfcleis 
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products by certain chemical agents ; amongst which heat, chlorine, and 
a few of the gaseous acids are commonly resorted to for the purpose** 
When articles of clothing or of merchai^ise which are infected with 
contagious matter are exposed for some time to a temperature of about 
220^, they become disinfected, especially if at the same time subjected to 
a current of air. Washing^n soap and water, boiling or steaming, are 
equally effective. In regard to fumigation^ chlorine is the most effective 
agent ; the mode of applying it, and some of its compounds, in these 
cases, has already been mentioned. In dissecting-rooms, and in the exa- 
mination of dead bodies, too much care and attention cannot be paid to 
the prevention of the evil consequences to which various forms and ap- 
plications of infectious and contagious products give rise. Their extraor- 
dinary power of exciting various and dangerous diseases, either by pul- 
monary or cuticular absorption, or other introduction into the living 
system, are too well known, but of their modus operandi we are utterly 
ignorant; sometimes they produce anomalous and uncertain effects; at 
others they hiivc a tendency to create poisons in the living system, re- 
sembling themselves ; the inoculation of diseases, as of the small-pox, 
&c., is a similar case, in which the introduction of the smallest fraction 
of a grain of poisonous matter excites new and morbid actions, and ter- 
minates in the throwing off from the system of a poison corresponding in 
its properties with that from which it was derived t. The theory of infec- 
tion and contagion iq mysterious and curious in the extreme, but its fur- 
ther consideration would be foreign to this work. Of another matter 
also connected with this subject, namely, the influence and production of 
malariay of marsh-miasma^ and other poisonous exhalations of organic, 
but principally of vegetable origin, w*e are equally ignorant ; they chiefly 
produce that extraordinarjr disease, the ague, or in fennitteni fever ; and 
their nature is obscure and unintelligible. 


* In times of plague and other pesti- 
lence, the vicinity of smeltiug-fumaces 
was formerly resorted to as being least 
liable to the infectious visitation; the 
sulphurous and other acid fumes were 
doubtless the disinfectants. In such 
and similar situations, in chloride of 
limo manufactories, and in other chemi- 
cal works, an immunity from certain 
diseases is consequently enjoyed, thoua^ in 
others are sometimes engendered. 
seems not impossible that the freedom^"' 
which London enjoys &om tlie spread 
of malignant diseases may, in part, be 
ascribed to the products of the com- 
bustion of coal, which always taint its 
atmosphere ; the drainage, and the co- 
pious supply of water, contribute, how- 
ever, essentially to th|health of its in- 
habitants, for the effltim from the offid 
of large cities, if not i^eedily and effso- 
tively ctenred ofi; is, of ooune, {srodus* 
tive of infitiite mischief ; even in Lon- 
don, the ooDStmetion and management 
of thessfsfr# requifee nmoh refo^ and 


were it not for the water-companies, their 
evils would be more evidenL 
■f Perhaps one of the most remarkable 
properties of some forms of infections 
matter, is its permanency ; retaining, as 
is frequently the case, its peculiar pow- 
ers, for an indefinite period. Of this, the 
preservation and transmission of dfM 
variolous andvaodne matter is a famfliAti 
instance. The infection of scarlet fecer 
sometimes retained fSr weeks and 
months by articles d wearing-apparel; 
in one instance, after a malignant form of 
tliat disease had prevailed in a house, it 
was fumigated with chlorine and white- 
washed, and every article of furniture 
and clothing cleansed and 
with the exception of a ha 
which had accidentally been« 
and to which the 

diseaae after ft petiodef two montlia^ wee 

ptotably attiilmtaidA. Baiikai« nA 

wooUsa goods aeem espoeiaBy rotantire 

of anoh poieons, and in all doiriitfiil ( 
dieaU be baniadL 
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§ I. OF THE BLOOD. 

Ix the higher orders of animals, the blood is of a red colour ; florid, and 
approaching to scarlet in the arteries, and deep purple in the veins. The 
specific gravity of the blood varies between 1.060 and 1.070, and its 
temperature in the healthy humUn body is sKout 98® or 100®. It h^ an 
unctuous or somewhat soapy feel, a slightly-nauseous odour, and saline 
taste. It appears homogeneous, or uniform, whilst circulating in its ves- 
sels, or immediately upon its removal from them ; but when examined 
by a microscope, it is seen to consist of numerous red spherical particles 
floating about in a colourless transparent fluid ; the former have been 
termed the red g/o/ju/es‘*^'the latter the serous portion^ or liquor sanguinis. 
The accounts given by microscopical observers of the appearance and 
characters of the red globules vary ; they seem* to consist of a central or 
colourless nucleus, enveloped in a film of colouring-matter, the former 
insoluble, the latter soluble in water ; they are said to be spherical in 
mammiferous animals, and elliptical in birds and iq^ptiles ; but upon this 
subject I must refer to physiological authorities, and especially to the 
observations of Mr. Bauer detailed and illustrated in Kr E. Home's 
Lectures on Comparative Anatomy^ 

Under ordinary circumstances, the blood, soon after it has been drawn 
from its vessels, gelatinises or coagulates^ and the jelly,* or eoagulum, gra- 
dually separates into two parts ; a liquid serum^ andfti. soft clot or crassa- 
mentum. In the act of coagulation, the globules apparently coalesce and 
throw off the colouring-matter, which is generally diffus(*d equably 
through the crassamentum so as to give it an uniform red colour ; some- 
times, however, it subsides, leading a stratum of colourless eoagulum, 
which, in inflammatory disorders, is called the huffy coat the blood. 

It is stated that blood, if rapidly frozen before it has time to coagu- 
late, may be retained for an indefinite time in the frozen state, but that 
when thawed, it first liquefies, and then coagulates as usual ; the coagu- 
lation is, at all events, much interfered with by temperattire. Blood 
drawn from a vein in the arm at the temperature of 63®, coagulates in 
4.6 minutes ; at 98®, in 2.6 minutes ; at 120® in 1 minute. Blood which 
coagulates in 6 minutes at 60®, remains fluid for 20 minutes at 40®, and 
requires 60 minutes for complete coagulation at" that temperature. 
(Scudamore on the Blood.) When blood is received into a close vessel, 
its coagulation is somewhat retarded it is accelerated in the exhausted 
receiver of the air-pump. When draivn in a* full stream, it coagulates 
more perfectly and more rapidly than when in a very small stream. It 
appears probable that, in the act of coagulation, the temperature of the 
blood is very slightly increased, consistently with the law's of latent heat. 
These are, I believe, the principal facts which have been ascertained 
upon this subject ; they throw no light upon the cause of the congula- 


* It was supposed that the colouring 
globules were inhefisntly red and soluble 
in water, but it has been shown by Dr. 
Young, that the. efFect of water is to dis- 
solve the colouring-matter only, leaving : 
the globule colourless \ in this state the 1 


globular particle# appear to have the | 
properties of albumen. The diameter 
of the globules in human blood varies i 
from to of an inch. (Ite- j 
marke on Blood, and Pus, in Dr. Young’s 
Mcdkai Literature.) ‘ 
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tion*. The ratio which the clot bears to the serum is variable, and 
partly dependent upon the shape of the vessel in which the blood is con- 
tained ; “ Two portions of blood were drawn from the same person, one 
being received and allowed to coagulate in a pear-shaped bottle, and the 
other in a pint basin ; and the ratio of serum to clot was as 1000 to 
1292 in the former, and asHOOO to 1717 in the latter. In fact, when a 
mass of coagulating blood is contained in a spherical vessel, the particles 
of fibrin, being little removed from a common centre, are more power- 
fully attracted towards each other, yield a denser clot, and squeeze out * 
more serum than when the coagulation takes place in a shallow wMe 
basin, where the particles are spread over a large surface ; the clot of the [ 
former is compact and small ; while that of ths latter, being spongy, and \ 
hence retaining much serum within it, is large and abundant, though the I 
actual quantity of solid matter is the same in both.^ (Dr. B. Babington, 
as quoted by Dr. Turner.) 

The s})outanoous coagulation of the blood, and its resolution into 
scrum and coagulura, forms, as it were, a step towards its analysis, an^l 
naturally loads to the separate examination of these, its apparent proxi- 
mate components. 

Sekum of the Blood. Tliis is the pale, straw-colourt d, or greenish- 
yellow liquid, wliich gradually oozes out of the cruor or'erassamentum ; 
it feels soapy, and has a saline taste, and a specific gravity =: 1.027 to 
1 .030 at It usually constitutes about three-fourths of the blood, 
the pressed coagulum fomiing about one-fourth ; it is alkaline to tests, 
slowly reddening turmeric, and rendering the blue of violets green ; the 
Headiest test of its alkalinity is litmus-paper reddened by acetic acid ; to 
this it immediately restores the blue colour. AMien the serqjm is heated 
to about 150°, it becomes a soft solid, coagulating into a translucent mass, 
which, upon the continuance of heat, becomes more opaque, and gives 
out a small quantity of a yellowish alkaline liquid, which has been 
termed serosity ; this characteristic property is due to the presence of 
albumen, the most important proximate animal principle ; the serum also 
contains a small but variable portion of fat, and of saline substances. i 
Marcet and Berzelius have each given an analysis of the serum of 
human blood; the following arc their results. (Medico-CltirurgicaJ 
2'ransaciions, vol. ii. f ' Annals of Philosophy, vol. ii.) • 



M ai'CTCt. 

Berzftiius;. 

Water 

900. 

Water 

905.0 

Albiunen . 

86.8 

Albumen ^ . 

80.0 

Muriates of potassa and sdda 

6.6 

Muriates of potassa and soda 

ao 

Muco-extractive matter . . 

4.0 

Lactate of soda, with animal 

} 4.0 

Carbonate of soda . . . ^ 

1.65 

matter . 

Siilphatc of potassa . . . 

0.35 

Soda and phosphate of soda with 

\ 

Eartliy phosx>hates . . . 

0.60 

ditto 

1000. 

Loss 

0.9 

1000. 


” Tho cause of the coggulation of the culatiiig, and under other circumstances ; 
blood is unexplained ; it iftr.inie that it and why it occasionidly coagulates^ tsAen 
apporsifttly consists in the aggregation required so to do, as^ lisemorrhage, to 
of its ifjtobules, but we are ignorant of plug up the bleeding vessel, &c. We 
whatirurevhich prevents tlHi^ effect in have no proof tliat blood either 
one promotes Jt in another; receives or emits any thing ess^tial to 

why its coagulation 

. - - ^ ^ 
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/ Albumen. Tliis substance, which is the leading ingredient of the 
'blood, occurs in two states, liquid and solid ; in the former state it is 
contained in the serum, and in many of the secretions ; in the latter it 
constitutes a part of the crassamentum, and of almost all the solids of 
the animal fabric, such as muscle, bone, cartilc^e, tendon, ligament, and 
membrane ; it is presented to us, in considerable purity, in the white of 
egg, whence the generic term, albumen^ and it is from this source, and 
from the serum of the blood, that we chiefly obtain it for the purposes 
of experiment. 1 shall here describe the leading properties of albumen ; 
and afterwards refer to its principal modifications. 

The white of egg may be regarded as a combination of albumen with 
water; it contains small q[uantities of saline substances, which are inse- 
parable in its liquid state. When it is evaporated at a temperature below 
120°, it dries into a brittle, shining, transparent substance, of a pale- 
yellow colour, inodorous and tasteless. Its ultimate constituents, exclu- 
sive of saline matters and trace of sulphur, are carbon, hydrogen, 
nitrogen, and oxygen; of these the relative proportions have been deter- 
mined by Gay Lussac and Thenard, who analyzed the white of egg dried 
at 212°; and by Dr. Prout, who employed the dried serum of slightly- 
inflammatoiy blood ; the following table shows its theoretical composition 
as contrasted with the experimental results: 

Gay-Lu«8HC. Prout. 

Carbon .... 8 . . 48 . . 61.61 . . 62.883 . . 60.00 

Hydrogen . . . 7 . . 7 . . 7-53 . . 7.640 . . 7-78 

Nitrogen ... 1 . . 14 . . 15.05 • . 15.705 . . 15.55 

Oxygen ... 3 . . 24 . . 25.81 . . 23.872 . . 26.6^ 

Albumen ... I 93 100.00 100.000 100.00 

White of egg, when heated to about 150°, coagulates^ that is, becomes 
a white, translucent, and somewhat elastic substance, which, when 
cautiously dried, shrinks up and assumes the appearance of horn, be- 
coming tough, yellowish, and insoluble in water. Two parts of white of 
egg and one of water entirely coagulate when duly heated; .eqvial parts 
remain, under the same circumstances, semi-fluid ; a mixture of one part 
of white of egg and ten of water becomes opaque, but is not coagulated ; 
and a milkiness is perceptible when the albumen only forms a thousandtli 
part of the solution. (Bostock, Nicholsons Journal^ xiv., and Med. Chir. 
Trans.^ i. and ii.) Fresh-laid eggs, and those which have been oiled 
upon the suriace, do not perfectly coagulate when put into boiling water, 
in consequence, probably, of the dilute state'bf the albumen. One hundred 
parts of the fresh albumen of the egg, when carefully evaporated in vacuo, 
leave a residue = fifteen parts. One hundred parts of the coagulated 
white of a duck’s egg (dried in vacuo with sulphuric acid) leave 18.65 
parts, which, steeped in water, acquires its original appearance, but in 
four days only took up 68 of water, though it had lost 86.35. (Clievreul, 
M&m, du MusSum^ vii., 180 ; Ann. de Chim. et Phys.^ xix., 46.) 

When liquid albumen is made part of the voltaic circuit, it presents 
appearances dependent upon the power used, which, when considerable, 
excites so milch heat as to coagulate it; but with a feeble power and the 
poles sufliciefltly distant, coi^pilarion ensueif most plentifully at the 
negative platinum-wire ; a coagulum also forms at^^the positive wire, 
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where acid is sparingly evolved. These phenomena are much interfered 
with by the evolution of gases at the respective poles, which occasion a 
froth, and the appearance of more extensive coagulation than actually 
occurs. (Braude, Phil. Trans.y 

When coagulated white of egg is boiled for several hours, it shrinks 
up and becomes hardened, communicating traces of animal matter to the 
water. Heated by high-pressure steam in a copper digester to 400°, it 
blackens the interior of the vessel, and dissolves, leaving a small residue 
of unaltered albumen. The solution is brown, and has the odour of 
boiled meat (from osmazome^). This action deserves further investiga> 
tion. {Qmelin, Handbuch der Theoretischen Chemte^ ii., 1053. 3rd ed., 
Frankfort, 1827.) 

White of egg soon runs into putrefaction, and evolves sulphuretted 
hydrogen. The scrum of blood kepi for two years in a well-stopped phial, 
blackened its interior, and became a stinking, pale, yellow liquid, still 
coagulable by heat, and containing hydrosulphate, carbonate, and acetate 
of ammonia, and a fetid volatile matter ; a portion of yellowish-white \ 
purulent-looking matter, containing undecomposed albumen, remained at ; 
the bottom of the phial. Coagulated white of egg, even under water, 
long resists putrefaction. 

One hundred parts of dried white of egg, subjected to destructive 
distillation, yielded carbonic acid, carburetted and sulphuretted hydrogen, 
prussic acid, carbonate of ammonia, partly in solution and partly sublimed, 
stinking volatile oil, and 14.9 of spongy difficultly-combustible charcoal, 
which, by incineration, left 2.21 of ash, composed of carbonate of soda, 
phosphate of soda, and phosphate of lime. (Hatchett.) 

Nitric acid, dropped into a solution of albumen, forms a white, flaky 
precipitate, which is more or less abundant according to the state of 
dilution of the solution, and which is soluble in ammonia and potassa. » 
When coagulated white of egg is kept for some weeks in very dilute 
nitric acid, it acquires a yellow colour, and if digested in boiling water it 
dissolves, and has acquired the properties of gelatine,, and is precipitated 
by tan and muriate of tin. (Hatchett, PhU. Trans.^ 1799.) Cold nitric 
acid, specific gravity 1.25, gradually tinges coagulated white of egg of a 
yellow colour, dissolving a little of it, and forming malic acid, with the 
evolution of nitrogen; its surface becomes tallowy, and, in twenty-four 
hours, it falls into a pale-yellow powder, which is acid, and composed of , 
nitric, nitrous, and malic acids, with albumen ; >vhen thoroughly washed I 
with water, it becomes more neutral, and of an orange-colour, still I 
reddening litmus, and remaining insoluble in water, but soluble in caustic ■ 
potash. (Berzelius, Lehrhuch^ p. 38; Wohlers Translation, Dresden, 
1831.) When coagulated white of egg is digested in hot nitric acid, 
nitrogen, nitrous gas, carbonic acid, and prussic acid are formed, and a 
dark-yellow solution obtained, which is precipitated by the addition of 
water and ammonia, and which contains malic and oxalic acids, bitter 
matter, and fat (Hatchett, Phil. Trans.^ 1799.) 

Sulphuric acid is a less powerful precipitant of albumen than nitric 
acid. Dilute sulphuric acid, dropped into an aqueous* solution of . 
albumen^ occasions a jprccifiitate which is soluble in excess of acid; fer- 
rocyanuret of potassium throws it down. ^ When coagulated albumen is < 

4 D 2 
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digested in sulphuric acid, very slightly diluted, it yields a dcep-criinsoii 
solution*. Coagulated seruni, digested in sulphuric acid, diluted with 
six parts of water, converts it into acid sulphate of alhmnen^ which, when 
edulcorated with cold water, becomes more neutral, and is soluble in warm 
waief“T6rmm^ a gelatinous solution, which is precipitated by sulphuric, 
muriatic, and nitric acids, and by the alkalis. (Berzelius, Lehrhuch,) 
Coagulated white of egg, digested in hot sulphuric acid, becomes car- 
bonized without forming artidcial tan. (Hatchett.) 

When a solution of recently-fused phosphoric acid (pyrophosphoric 
acid) is added to a solution of albumen, it oecasions an abundant preci- 
pitate; the acid gradually loses this property, and again acquires it by 
fusion and ignition. (Berzelius.) 

Muriatic acid occasions a precipitate in albuminous solutions, and 
entirely throws do^vn the albumen when aided by heat: but the precipi- 
tate is soluldc in excess of acid, and in ammonia and potassa. A muriated 
albumen may be formed in the same way as the sulphate. (Berzelius.) 
Coagulated egg-albumen, digested in muriatic acid, gradually acquires a 
purple colour. (Hatchett.) Albumen, w’hich has been precipitated by muri- 
atic acid, often becomes reddish Avhen collected and exposed upon a filter. 

Wlien coagulated seralbumeii is digested in acetic acid, it l>econies soft 
and trans}»arent, and, aided by a gentle heat, dissolves with the evolution 
of a little nitrogen. This solution is precipitated by the alkalis, but a 
slight excess again renders it clear: it is also precipitated by suljdmric, 
nitric, and muriatic acids, and by ferrocyanuret of potiissium. ^When 
this acetic solution of albumen is evaporated, it leaves a transparent sour 
residue, soluble in w^arm water acidulated by acetic acid. (Berzelius.) 

Albumen is slowdy soluble in liquid ammonia. In solution of potassa 
it becomes gelatinous, and yields a pale yellow-green solution, preci- 
pitable by acids and alcohol, and by acetic acid. Heated in liquid 
potassa, albumen evolves ammonia. 

Alcohol and ether coagulate ovalbiimen, but ])ure ether (free from 
alcohol) does not coagulate seralbumen. When serum is shaken with 
ether, it soon separates upon the surface, holding fatty matter in solution. 
(Gnielin.) Coagulated serum, digested in alcohol or ether, yields a 
solution of fatty matter. 

Coagulated ovalbumen, when long boiled in water, becomes bulky 
and falls into pieces, and a .small portion i.s dissolved: tlic filtered .solu- 
tion, evaporated at 212°, leaves a pale-browm film, and is alkaline; it is 
rendered turbid by mineral acids, acetic acid, and tincture of galls, and 
by many metallic salts. 

When albumen, w’hich* has been cautiously dried at a low tempera- 
ture (without coagulation), is triturated with four parts of w^ater, it yiehls 
a solution resembling fresh albumen. 

A solution of the white of an egg in a pint of water occasions no 
precipitate in lime, baryta, or strontia water, nor in solution of 8ul]>liate 
of lime. Some of the neutral salts render it more or less turbid, and it 
is copiously precipitated by solution of alum. Nitrate, acetate, and sub- 

^ • According to Raspail, when sugar which is deeper in proportion as the acid 

is preriously dissolved in the sulphuric , and sugar are in greater quantity, 
acid, the albumen is coloured purple, ^ 
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acetate of lead arc precipitated by albuminous solutions. One part of 
fresh ovalbumen in 2000 of water, or one of dried albumen in 10,000 of 
water, is rendered turbid by subacetate of lead. A four-hundredth part 
of liquid, or 9. two- thousandth' of solid albumen, is precipi table by corro- 
sive sublimate. (Bostock.) The precipitate is blackened by potassa, and 
is probably a compound of muriate of albumen and calomel. Nitrate of 
silver, muriate of gold, and of platinum, also precipitate albuminous 
solutions. These precipitates are mostly triple compounds of acid, 
albumen, and oxide, and several of them arc redissoluble in excess of 
liquid albumen. 

Albumen is precipitated by tannin in the form of a yellow viscid 
combination. Water, holding a thousandth paH of solid, or a two- 
hundredth of liquid, ovalbumen, becomes turbid after some hours by the 
addition of a solution of galls containing 2.5 per cent* of solid matter. 
( Bostock.) 

The above arc the principal chemical properties of liquid and solid 
albumen, as obtained from the egg and from serum of blood; several of 
their modiheations will be noticed under other heads, such as Fi brine, 
Milk, Bile, Slc. 

The cause of the coagulation of albumen is, in many cases, obscure 
and (wen inexplicable. It appears possible that the acids by which it is 
coagulatgd enter into combination with it, so as to form insoluble com- 
pounds; the same change probably happens with certain metallic salts, 
and with tan; its coagulation by alcohol has been ascribed to the abstrac- 
tion of wat(ir. Having remarked the copious coagulation of albumen at 
the electro-negative pole in the voltaic circuit, 1 was induced to ascribe 
the fluidity of albumen to combined soda, the evolution of which seemed 
to cause its solidification ; and it appeared possible that the acids, and 
even alcohol, might also occasion coagulation , by the abstraction of soda; 
and that its more enigmatical coagulation by heat only, might be ascribed 
to the transfer of soda from the albumen to the W'ater. It has been 
objected to this statement that the addition of alkali to coagulated albumen 
does not reproduce liquid albumen, and that acetic acid ciiuses no coagu- 
lation ; but wdien albumen is once coagulated, its properties are essentially 
modified, and acetic acid, or even acetate of soda, appear to form soluble 
compounds with it. (Gmelin.) Dr. Turner {Elements of Chemistry) 
supposes that albumen combines directly with winter at the moment of 
being secreted, at a time wdien its particles are in a state of minute 
division; but as its affinity for that liquid is very feeble, the compound 
is decomposed by slight causes, and the albumen thereby rendered quite 
insoluble. The organization of albumen may certainly be concerned in 
its singular properties with respect to many cojigulaiits: there are several 
albuminous fluids, w'hich we shall hereafter refer to, which contain globules 
resembling those of the blood. In the voltaic coagulation of albumen, 
that whicli separates at the positive pole contains globules, which, under 
the microscope, resemble tlie blood-globules deprived of their colouring- 
matter. (Prevost and Dumas, Ann. de Chim. et Phys.,, xxiii., 52.) 

The readiest tests of the presence of albumen in fluids are its coagu- 
lation by heat, alcohol, and acids; when it is too dilute for such detection, 
it may he subjected to voltaic electricity, or tested by corrosive sublimate. 
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me by fenocyaiiaiet of potaasium; the alkali ahould, in the latter ease, Ik 
\ previoady neutralized by acetic add. It yrould appear, from OrfiWs 
; ^experiments, that white of egg is an antidote to the eflFects of corrosive 
sublimate when taken into the stomach, and that, if administered in 
8ufl5cieiit quantity immediately after the reception rf the poison, it pre- 
; vents the progress of the symptoms. The white of one egg appeared 

* sufficient to render four grains of the poison ineffective. 

Tlie readiness with which some metallic oxides are received into the 
system may perhaps be ascribed to their affinity for albumen, with which 
some of them form compounds not easily decomposable, and in which the 
metallic oxide cannot be detected by the usual tests, till they have Ik en 
subjected to heat sufficient to decompose the organic matter. Mercury 
; and silver are thus, in certain cases, detected in the secretions ami 
■i excretions. 

Crassamenti’m. CoAGi'UTM. TJicsc tcrms are applied to that part 
of the blood whicli spontaneously coagulates, and gradually contracts into 
a more or less dense mass. When mutiously removed from the serum 
in which it is immersed, and of wiiieh it always retains a considerable 
proportion, it maj’ be regarded as principally consisting of Jidrin and 
colouring-matter. 

Fibrin. This substance may be separated from the serum and 
colouring-matter, by washing it in repeated portions of cold water; or 
by stirring recently-drawn blood with a stick, by which tlie coagulum 
will adhere to it, and it may then be conveniently washed in running 
water^" till the serum .and colour arc extracted, and the Hhrin remains in 
the form of a nearly colourless and fibrous substance, insoluble in cold 
water. Berzelius obtains fibrin by cutting the clot of blood into thin 
slices, drying them upon folds of blotting-paper to absorb the serum, and 
then washing with water till all soluble matters are extracted. The 
fibrin, however, still retains a little fat, for the removal of which it must 
be digested in ether, or in warm anhydrous alcohol. 

Another mode of obtaining pure fibrin sometimes presents itself, 
which consists in removing the colourless layer which is occasionally 
observed upon blood drawn in inflammatory diseases, and termed the 
; when this is washed, digested in alcohol or ether, and dried, 
it may be considered as nearly pure fibrin : this substance appears to be 
identical with the part of blood termed coagulable Ijftnpk. 

When fibrin is obtained by any of these means, it retains about three- 
fourths of its weight of water, which it loses by careful drying, and 
shrinks up into a translucent tough substance, very like, horn; if its fat 
has not been separated, it is nearly transparent. When immersed in 
water it regains its original weight and softness ; it has no smell or taste ; 
when highly heated, it fuses, puffs up, bums, and leaves a spongy, shining 
coal. By destructive distillation it yields the usual products of azotised 
substances : the residuary coal is of difficult incineration, and amounts 
to about^ two-thirds per cent, of the weight of the original fibrin : the 
ash consists of phosphate of lime, a little phosphate of magnesia, and 
traces of iron and sUlca. Thecoal ofthe blood of the ox U more difficultly 
incinerated than that of human blood, in consequence of its containing 

• more phosphate of lime. 



Dried fibrin is insoluble in cold and in hot water, but, if long boiled, 
it shrinks, hardens, and becomes pulrerulent; when the decoction is 
eraporated, it leaves a brittle yellow substance, of an agreeable flavour, 
wd soluble in water ; its solution is precipitated by infusion of galls, but 
it has not the other characters of gelatine ; it has been termed animal 
extractive^ and seems closely to resemble the substance which has been 
designated osmaz(me. 

When fibrin is acted on by acids and by alkalis, it sometimes appears 
to perform the part of a base, and sometimes that of an acid. In sulphuric 
acid it swells up to a yellow jelly, but does not dissolve ; heat is given 
out, and if the temperature is not kept down, the mixture chars and 
evolves sulphurous acid, but if kept cold, no such decomposition ensues. 
In water the jelly shrinks up, and when washed so as to get rid of excess 
of acid, it dissolves in water and forms a solution, from which sulphuric 
acid again throws it down in its gelatinous form ; there appears there- 
fore to be a neutral and soluble, and an acid and insoluble stdphate of 
Jibrin, If the colouring matter has not been entirely abstract^ these 
solutions are red^. 

C'old nitric acid forms, with fibrin, a gelatinous combination, re- 
.-emhling the sulphate; further digestion in the acid renders it yellow, 
and it then appears to be a compound of fibrin with nitric and malic 
iwids. 

Phosphoric acid, recently ignited and dissolved, acts upon fibrin like 
sulphuric arid, but if the acid has been kept in solution for eighi or ten 
days the fibrin swells up in it into a soluble jelly, which is not (brown 
down by excess of the acid. 

Acetic acid converts fibrin into a substance, soluble in warm water, 
and yielding a gelatinous mass on evaporation, difieriug from gelatin. 
Evaporated to dryness, the fibrin remains opaque and insoluble. The 
other acids added to this acetic solution, throw down precipitates which 
are compounds of fibrin and of the added acid. Caustic alkali precipitates 
tlie fibrin, and if added in excess, redissolves the precipitate. 

Muriatic acid gelatinises dry fibrin, and then dissolves it into a blue 
liquid, or purple, if not previously freed from colouring-matter. No gas 
is evolved, and the solution, when diluted with water, lets fall a white 
precipitate which is a neutral muriate af^fibrin^ and has the general 
properties of the neutral sulphate : the remmning liquid retains its blue 
colour ; saturated with ammonia, the colour disappears, and excess of 
ammonia renders it yellow : the blue colour, therefore, probably depends 
upon a new product. 

Digested upon moist fibrin muriatic acid does not dissolve, but com- 
bines with it into the neutral muriate. Boiled in the acid, it is decom- 
posed, nitrogen is evolved, and on evaporation a dark-brown ammoniacal 
compound remains. 

The acid solutions of fibrin give a white precipitate with ferrooyanuret 
* According to Bracounot, when water white matter, which he terms Leudne 

is added to the recent sulphuric solution Am. de CMm. et Phyi.^ xiii.) This is 

of fibrin, and the mixture boiled for a probably a compound of fibrin and sul- 
few hours, and then saturated by chalk, phuric acid. . 
the tiered solution contains a peculiar 
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of potassium, which at first is soluhlo, but becomes permanc^nt on adding 
excess of the precipitant. It is a compound of cyanuret oi iron, fibrin, 
and hydrocyanic acid*; it is insoluble in dilute acids, hut soluble in 
caustic alkali. The red ferro- cyanuret of potassium (ferro-sesquicyaiiuret ) 
throws down a more soluble precipitate than the above. These precipi- 
tates are very characteristic of fibrin, and of scralbumen, ovalbumen, and 
lactalbumen, and serve to establish the analogy , if not identity, of those 
modifications of this animal principle. 

Fibrin is soluble in caustic potass 4 ^ even when the solution is very 
dilute ; it gelatinises and then dissolves, and is precipitjited, if not too 
dilute, by acids ; a little sulphuretted hydrogen is always then evolved. 
Avhich seems to indicate some further change. 

Digested in alcohol, or in ether, fibrin yiebis fatty matter, whicli, 
according to Cho^Teul, is merely abstracted, but IJerzelius ri'gards it as «i 
new product : it is soluble in alcohol, crystallizidile, and reddens litmus. 

The above account of the fibrin of the blood is chiefly abstracted from 
the works of Berzelius {^Isvhrhuchy iv., and Medivo-Chirurgicul Tran.s\^ 
iii., 201.) Some of it«* other characters will In* mentioned when speaking 
of muscular ^fibre. 

The ultimate of analysis of fibrin agrees might be ex|)ected, in its 
outline, with that of albumen ; there is, indeed, evi*ry reason for regard- 
ing them as different species of one organic principle, llie atomic views 
W'liich have been given of thesi* cUiimal principles, I do not quote, inas- 
much as their combinations are not sufficiently definite to givcf tlndr 
equivalents, and as we have no criterion by which to judge of their 
absolute purity, especially as concerns their variable proportion of water. 
The following are the results of the analyses : 



Ga> i.iiSAir iiiU 
Tliraanl 


Michiiili*. 

Arterial, 

Carbon . . . 

. . . 

51.374 

50.440 

Hydrogen . 

. . . 7.021 

7.2.’>4 

8.228 

Oxygen . . , 

. . , lOJJSo 

23.7«5 

24.085 

Nitrogen . . 

. . . 19.034 

17.587 

17.287 

Fibrin . . . 

. . lOO.OtMl 

100.000 

100.(HH) 


CoLorUING-MATTER OP THK Blood. IL«MAT()8YN. IliLMAClIROME. ft 
is extremely doubtful whether the colouring-matter of the blood can ho 
effectually separated from other principles, and especially from albumen. 
By stirrring blood during cotigulation, a considerable portion is diffused 
through the serum, from which it afterwards subsides. Vauquelin 
advises the digc.stion of the coagulum, drained of serum, in dilute sul- 
phuric acid at a temperature of 160®. The liquid, filtered while hot, is to 
be evaporated to half its bulk, and nearly saturated with ammonia ; the 
colouring-matter falls, and is to be washed and dried. {Ann, dr Chivi, vt 
Phifs.^ i.) But in this process the hacmatosyn has probably undergone 
some change. 

The chemical properties of the colouring-matter of the blood seem to 
show that it is a peculiar animal principle. It is soluble in cold water, 

and the solution, whcD boUcd, depogitg a brown gedimont of altorpd 

CO ounng-nmtter. Muriatic, dilute sulphuric, and several of the vegetable 
aci 8, and the ciiustic and carbonated alkalis, readily dissolve it, and form 
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solutions of different tints of red, and of a peculiar greenish hue when 
viewed by transmitted light. Nitric acid instantly renders these solutions 
brown, and decomposes the red principle. These and other properties, 
{Phil. Trans. ^ 1812,) led me to regard the colouring-matter of the blood 
as a distinct 'proximate principle of animal matter, independent of the 
presence of iron, to which mctiil its peculiarities were at one time referred 
by MM. Fourcroy and Vauouelin ; and the latter verified my conclusions 
in the above-quoted memoir. Berzelius, whos". • labours in animal che- 
mistry arc at once refined and extendt^d, has arrived at different conclu- 
sions ; according to him the crassamentum of the blood consists of 

Colouring-matter 64 

Fibrin and albumen ..... 36 

100 

The colouring -matter, when incinerated, affords a residue con- 
sisting ot 


Oxide of iron 50.0 

Siibphosphat^* of iron .7*0 

Phosphate of lime with inagin^ia .... 6.0 

Lime * . . 20.0 

Carbonic acid and loss 16.5 


100.0 

The iron ho regards as contributing to the red colour of the blood, 
and a hint has been thrown out by Dr. Ure as to the possibility of its 
being derived from sulphocyanate of iron. 

Berzelius examined the solution of the colouring-matter obtained 
by crashing the coaguluin, deprived of its serum, in water. 

The strong filtered aqueous solution, thus obtained, is dark browmish- 
red, and becomes brighter by dilution: evaporated at 100°, it leaves a 
dark residue, soluble in water, but a boiling-heat changes, and renders it 
insoluble. Chlorine darkens the concentrated solution, and then gradu- 
ally destroys its colour : alcohol coagulates and renders it insoluble ; the 
acids generally decompose it. Acetic acid heightens the colour of the 
solution of hmmatos}^!, but does not precipitate it : on neutralizing the 
acetic acid by potass;i, the hmmatosyn is precipitated. Weak alkaline 
solutions act nearly similarly. Sulphuretted hydrogen renders the 
solution of hffimatosyii first violet, then green, imd the red colour is not 
restored cither by alkali or acid. Ileematosyn is thrown down of a red 
colour by acetate of lead, sulphate of zinc, and corrosive sublimate ; and 
brown by nitrate of lead, of silver, and of copper, and by chlorides of gold 
and of platinum. 

The experiments of Dr. Stevens and of Mr. P. Squire, have further 
illustrated the peculiar nature of hmmalosyn. One of its most striking 
characters is the change of tint which it apparently suffers by the action 
of air, tiiid which is well seen in the exposure of venous blood to the 
action of air, or of oxygen. The colouring-matter of the bloo4 is also 
rendered florid and brilliant, even when in its blackest venous StOtC) Ify 
almost all neutral salts; with sulphate of soda, for instance^ or with 
nitrate of potassa, the effect is extremely striking. Acids, and alkalis, 
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generally render the haematosyn black; tartaric, citric, and even carbonic 
acid produce this effect: they exert more or less solvent power over it, 
and their solutions are dingy, and often nearly black, by reflected light, 
but of a peculiar green tint by transmitted light, the intensities of these 
colours depending upon their states of dilution. Acid salts, and basic 
salts, act more or less as free acids or alkalis. In neutrosaline solutions, 
on the other hand, hcematosyn is insoluble, and if its dark-coloured acid 
and alkaline solutions be so mixed as accurately to neutralize each other, 
the hsematosyn falls, and aquires a florid tint. To observe the action of 
acids, alkalis, and salts, upon hsematosyn, to thb utmost advantage, the 
blood should not be suffered to coagulate, but received, whilst flowing, 
into the acid, alkaline, or saline solution. These facts have been applied 
by Dr. Stevens to explain the changes of colour which blood suffers in 
passing from the venous to the arterial state. (Ijondon Medical Gazette^ 
April, 1834.) lie shows, that venous blood contains carbonic acid, and 
that it gives it off when dra^vn from the arm into a vessel filled with 
hydrogen, all contact with air or oxygen being carefully avoided, so as 
to preclude the formation of carbonic acid by the union of carbon in the 
blood with the oxygen of the air : that this carbonic acid blackens the 
haematosyn, and that its red colour is restored by its removal, when the 
saline matters of the blood render it florid : that the change of arterial to 
venous, or of florid to black blood, occurs in the extreme ramifications of 
the vessels, or in their capillary anastomoses, for the blood is arterial in 
the extreme arteries, and venous in the extreme veins : Dr. Stevens ^so 
infers that arterial blood contains atmospheric air, or air more abundant 
in oxygen than that of the atmosphere ; and that the removal of the car- 
bonic acid in the lungs is effected by a peculiar attractive power of 
oxygen for carbonic acid, taking place through the membrane of the 
lungs; he concludes, and adduces satisfactory experiments in proof of the 
conclusion, that the change of venous into arteri^ blood, is not the result 
of the absorption or combination of oxygen, but of the loss or abstraction 
of carbonic acid by or from the black blood ; the blackening cause being 
thus removed, the saline matter present becomes efficient as the reddening 
cause ; for Dr. Stevens has proved that if the salts be abstracted from the 
colouring-matter, it retains its black colour, notwithstanding the loss of 
carbonic acid ; and that a piece of highly-florid coagulum becomes black 
when its salts are washed out, and can only again ^ rendered florid by 
the addition of saline matter. Ail these facts have, of course, important 
bearings upon the theory of respiration. 

To the statement which I have now given of the nature and properties 
of the components of the blood, the following curious firsts respecting the 
odour of different kinds of blood have been ^ded by M. Baruel. Whilst 
preparing the colourii^-matter of blood according to M. Yauquelin's 
process, the clot of ox-blood was heated with a large excess of sulphuric 
acid of moderate strength, on which occasion a strong odour of beef was 
observed. Some time after, having occasion to operate upon the blood of 
a man who had t^en opium, the fluid was first coagulated by heat, and 
divided, after which it was boiled with weak sulphuric acid: immediately 
80 strong m odour of the sweat of man was evolved, as to infect the whole 
laboratory, and render it necessary for the persons to leave the place. 
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This and the former fact combined, induced M. Baruel to extend his ex- 
periments on these subjects, and the following are the results. 

i. The blood of each species Of animal contains a principle peculiar to 
each. ii. This principle, which is very volatile, has an odour resembling 
that of the sweat, or the cutaneous or pulmonary exhalation of the animal 
from which the blood was taken, iii. In the blood, this volatile principle 
is in a state of combination, its odour being then insensible, iv. When 
the combination is broken, this principle is volatilized, when it is easy to 
recognise the animal to which it belongs, v. In each species of animal, 
this principle is more decided, or has more intensity of odour in the male 
than in the female; and in men, the colour of the hair accompanies 
certain variations in this principle, vi. This principle is in a soluble 
state in the blood, and may be found, therefore, either in the unaltered 
blood, or after the fibrine has been removed, or even in the serosity of 
l)lood. vii. Of all the means of separating this principle, concentrated 
sulphuric acid has succeeded best. 

To obtain these results, it is only necessary to put a few drops of 
blood, or the serum of blood, into a glass, to add concentrated sulphuric 
acid to the amount of one-third or half as much as of blood, and to stir 
the whole together with a tube ; the odoriferous principle is immediately 
rendered evident. By these means, M. Bai'uel can readily distinguish the 
blood from the following sources. 

i. That of a man disengages a strong odour of the perspiration of man, 
which it is impossible to confound with any other, ii. That of a woman, { 
a similar odour, much weaker, and resembling the perspiration of woman. I 
iii. That of the ox, a strong odour of beef. iv. That of the horse, a , 
strong odour of the perspiration of the horse, v. That of i;he sheep, a 
strong odour of wool impregnated with the perspiration of that animal, 
vi. That of the dog, the odour of the transpiration of a dw. vii. That of I 
a pig, the disagreeable odour of a piggery, viii. That 01 a rat, the bad : 
odour belonging to the rat. 

The same result has been obtained with the*blood of various kinds of 
birds, and even with the blood of a frog, which gave the strong odour of 
marsliy reeds, &c., and with that of a carp, which gave a principle 
smelling like the mucus which covers the bodies of fresh-water fish. 

Upon trials made to ascertain whether spots of blood could be distin- 
guished, and referred to their source, M. Biiruel found, that to a certain 
extent, a pretty sure judgment could be given, even after fifteen days or 
more. The spotted linen is to be cut out, put into a >vatch-glass, and 
being moistened with a little water, is to be left for a short time at rest. 
When well moistened, a little concentrated sulphuric acid is to be added, 
and stirred about with a tube ; then, by respiring near it, the odour may 
be perceived. M. Baruel is not sure that the distinction could be ascer- 
tained after more than fifteen days, and therefore recommends legal 
ofRcers to allow of no delay in any experiments, which bear upon cases 
of judicial investigation. 

A question has sometimes arisen as to the possibility of preserving 
blood, with its principal characters either unimpaired or little altered; 
the following facts will, perhaps, illustrate this point. In the month of 
May 1818, blood was drawn from the arm into six phials, each holding 
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about two ounces; these were secured by good corks, which were 
cemented over, and put away in a closet where tliey remained till May 
• 1833, a period of 15 years. Two of the phials were then opened. The 
blood was perfectly liquid without any appearance of coagulurn; there 
seemed to have been no extraordinary evolution ol gaseous matter, but it 
exhaled a nauseous and slightly-putrid odour, with a trace of sulphuretted 
hydrogen. It was of a dark-purple colour, but became florid-red and was 
coagulated upon the addition of a few drops of solution of corrosive sub- 
limate; it w^as blackened and coagulated by acids ; alcohol also coagulated 
it; and the action of acetic acid and of ferrocyaiiuret of potassium, 
resembled that upon fresh scrum. The chief apparent change, w-as loss 
of pow'er of spontaneous coagulation. Heat and electricity coagulated it. 

Having enumerated the principal facts which bear upon the chemistry 
of the blood, I shall now subjoin the results of tw'o analyses of it by 
l^canu (Ann. de Chim. et Phys.^ XLviii. 308.) 


Water 

780.145 

785.590 

Fibrin 

2.100 

3.565 

Coloiiriiig-iiiatter 

13.^000 

119.626 

Albumen 

t:5.ooo 

69.415 

Fat (crystalline) .... 

2.430 

4.;ioo 

Ditto (oily) 

1.310 

2.270 

Extractive, soluble in water and alcohol I.71K) 

. . 1.920 

Albumen united to soda 

Clilorides of sodium and potassiuinl 

1.265 

2.010 

Carbonates) . . . . { 

Phosphates > of potassa and soda • | 

. 8.370 

7.304 ^ 

Siilp^tcs 1 . . . . 1 

Carbonate of lime and magnesia 
Phosphate of lime, magnesia & iron 
PeroxiSe of iron 

j- 2.100 

1.414 

Loss ..... 

2.100 

2.586 


lOOO.OtM) 

1000.000 

Lecanu has also given the following statement of the comparative 

lalysis of blood drawn from ten men 

and ten >voincn. 


Multan 

Fenialeii. 

Water 

7tl0.32 

. . 604.37 

Albumen 

67.50 

69.72 

Saline and extractive matter . . 

10.60 

9.95 

Red globules ....... 

132.49 

115.06 


1000.00 

1000.00 

Comparative experiments have been made on 

the blood of different 


animals by Prevost and Dumas, by Tiedemann and (Imelin, and by other 
physiologists and chemists, folP the details of which I must refer to their 
respective works : the general results are, that the globules vary in size 
and form, and that the components differ somewhat in their relative pro- 
portions, rather than in their essential quali^s. In all animab the rela- 
tive proportion of the aqueous to the solid part of the blood is liable to 

siigiit fluctuation, cTen in the healthy state, hence the discrepancies in 

its specific j^ritj ; it is probable also that the quantitatire if not the' 
qualitative compontion of the blood varies in different vessels and different 
parts of the body, hence perhaps, the slight difference observed in blood 
abstracted by cupping, as com^ued with that drawn from the arm. 
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Ulood in Disease. We are but imperfectly acquainted with the 
changes in the composition of tlie blood which are the result of disease. 
All abstract of what is knowm upon the subject, is given by Gmelin, 
{Handbuch. iv.) and by Dr. Tiimer {Elements of Chemistry,) The morbid 
changes of the blood resolve themselves into those dependent upon excess 
or deficiency of its usual components^ and those in which foreign sub- 
stances are detected in it; but the composition of the blood is such as to 
interfere in almost all cases with the nice indications of delicate tests, and 
the quantities of foreign matters which render the blood diseased in some 
cases are so small, as to elude very accurate observation. In cases in 
which the functions of the kidneys are much disturbed, urea is detected in 
the blood ; and where the secretion of the urine is suspended, it is present 
in considerable quantity, and the source probably of the fatal conse- 
quences that ensue from that cause. Prei/^ost‘and Dumas tied the renal 
vessels, and extracted the kidneys of a dog, and on the second day after 
the operation, they obtained no less than 20 grains of urea from 5 ounces 
of his blood [Ann, de Chim, el Phys,^ xxxiii. 90.) Urea has also been 
detected by Dr. O'Shaughnessy in the blood of patients suffering under 
Cholera, in which disease the renal functions are usually much disturbed, 
fn jaundice, bile, or at least its bitter and colouring-principles, appear 
occasionally to exist in the blood, and are discernible in the serum. It 
not unfreqiiently happens that the scrum of the blood resembles whey, 
or milk and water; and sometimes it resembles cream; but such cases 
are very rare ; these appearances depend upon the presence of fiitty or 
oleaginous matter, which may be separated by agitation with ether. Drs. 
1 raill and Christison procured 1 per cent, of fat from opalescent serum, 
and as much as 5 per cent, from serum which had the appearance of milk. 
{Edinb. Med. and St/rg, .Tour,., April, 1830.) In some nervous fevers of 
a typhoid character, the blood is said, during the increase of the disorder, 
to be more aqueous or thin than in health, and gradually to become 
more dense during its decrease. The state of the blood in Cholera 
has excited a good deal of attention. The peculiar whitish or whey- 
like discharge from the bo^vcls, is said to contain albumen, and the 
salts of the Idood 'with particles of fibrin; the density of the blood 
itself is above the natural standard, it is of a remarkably dark colour 
throughout the system, and sometimes Viscid, and incapable of coa- 
gulation, but at the same time deficient in saline matter. These 
appearances have been ascribed to various causes. According to Dr. 
Thomson, the blood in cholera is wdiolly unsusceptible of the usual 
influence of the air, and is consequently decidedly altered in its nature. 
Dr. D'Shaughnessy how'ever found, that it Bid become florid when agitated 
with air, and that it emitted carbonic acid gas. Dr. Stevens ascribes the 
appearances to deficiency incline matter, and successfully treated such 
cases, not only by the admfmstration of solutions of common salt and of 
chlorate of potassa, but by the actual injection of solution of salt into the 
veins. Dr. Turner observes, that the most correct opinion perhaps is, 
tlrnt the blood of persons in cholera, in consequence of deranged arterid 
action, circulates sluggishly, and is therefore imperfectly arterialized, and 
that the colour may arise from that cause, independent of any 
diminution of saline matter, and nmy disapear, from an improred circu^ii 
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lation, without the administration of salt; although there is no doubt that 
loss of saline matter increases the dark tint of the blood, and prevents it 
from acquiring the arterial colour. The secretion of a large quantity of 
saline fluid by the intestines in these cases, the decided deficiency of salts 
in the blood, and the relief afibrded by restoring saline matter to the 
system, are however strong points in favour of Dr. Stevens's views. The 
substance ejected irom the stomach in the last stage of yellow fever, and 
known under the name of black vomit is blood blackened and coagulated 
by tlie free acid of the stomach. 

Detection of . Blood. It is occasionally important in juridical 
inquiries, to distinguish between stains upon metal and linen arising from 
blood, and those from other sources. Oi^la has given some useful infor- 
mation upon this subject. 

Blood-stains m Steel, When the blade of a knife is stained by 
bloo^ it is red when the layer is very thin, but brown if thicker : heated 
to about 80^, the blood-spot peels off, leaving the steel tolerably clean; no 
such appearance arises from common rust, but something like it may be 
produced by the juice of fruits; in that case the blood-spot may be 
distiiiguislied from tha{ of vegetable juices, by collecting the portion which 
scales off, and heating it in a bit of glass tube closed at one end; it 
exhales the odour of animal matter and ammonify and the latter may be 
recognised, by its alkaline reaction on test-paper: any of the vegetable 
stains would, under such circumstances exhale acid fumes; and mere 
rust would either give out nothing, or at all events, the slightest possible 
trace of ammonia. Where it is practicable, the following process is more 
exact; the stained steel is immersed in water; the haematosyn and some 
albumen gradually dissolve, and leave the fibrin on the blade, firom which 
it may be removed by the nail ; red streaks form in the water, which 
becomes red at bottom: diWde this red part into several portions; to 1 
add chlorine; it becomes green, then colourless, and then deposits white 
flakes. To 2 add ammonia, wiiich does not alter the colour when from 
blood, but if from any ordinary dye-stuff, it becomes purple. Into 3 drop 
nitric acid ; it becomes pale-gray. Into 4 a drop or two of infusion of 
galls; it does not alter the colour, but occasions a slight cloud. Heat 5 
till it boils, when it either deposits flakes, or becomes opalescent. Of 
these tests, nitric acid and infusion of galls are the most delicate ; should 
rust of iron have mingled itself with the liquid, it may be separated by 
filtration. 

Blood-tlaini on Linen, ^c. Suspend the piece of linen in a little 

water; the fibrin remains Upon it, and may be detected by the evolution 
of ammonia, if linen or cotton; on the application of a sufficient degree of 
heat, in a small tube; but the hcematosyn and some albumen are dissolved 
or extracted; test the coloured solution as above directed. Should the 
blood have coagulated upon one piece of linenf and then have gone through, 
so as to discolour another, no fibrin will be found on the latter. It is 
possible that a solution of madder, or some such colouring-matter, in a 
serous or albuminous liqtdd, might lead to deception ; but in this case the 
Btmn upon the linen would not be so easily remov^ by vrater, and the 
red solution would become yellow by acids, and violet ]by alkalis: a 
mixture of serum and the red of madder is rendered yellow, and does not 
remain red, on adding infusion of galls. 
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This fluid, secreted by females bf the class mammalia for the '^urishnieiit 
of their young, is a white, translucent, aqueous emulsion, containing 
oil, curd, a species of sugar, mucus, salts, and a free acid*, so that 
’fresh rank slightly reddens litmus. Cows' milk has been principally 
examined. When Carefully evaporated, it leaves from 10 to 12 per 
cent, of residue, but many circumstances interfere with this average. 
The specific gravity of skimmed milk is 1.033; that of cream 1.024: they 
consist, according to Berzelius, of 


Skimmed Milk. Cream. 


Water 

028.75 

Butter . 

. 4.5 

Caseous matter or curd, with a trace of butter . 

28.00 

Curd 

. 3.5 

Sugar of milk 

35.00 

Whey . 

• »¥> 

Muriate and phosphate of potassa .... 

1.95 

Lactic acid, acetate of potassa, and a trace of ) 
lactate of iron f 

6.00 


100.0 

Earthy phosphates 

0.30 




100.00 




These can, of course, only be regarded as the average quantities, for, 
to say nothing of the difffirent density of the milk of different breeds of 
cows, it varies in the relative proportion of its solid contents at different 
periods after the birth of the young t; and also >vitli the food of the 
animal. Subtracting the curd from the contents of milk, the lesidue 
constitutes tvhetf. 

Cream arises from the gradual separation of the lighter suspended 
matters, and the shallower the vessel, the sooner it separates. When 
milk is kept for 5 or 6 days at the temperature of about 33°, it evolves 
nearly the whole of its cream; the residue looks like mill^ and water. 
By churnings cream is separated into butter and during this 

process^ the temperature of the cream is slightly elevated, a little oxygen 
is absorbed, and acid produced ; but this change is not essential to the 
separation of the butter, which takes place when air is excluded. 

Butter is an oily matter, retaining, in its ordinary state, a little curd 
and whey; it liquefies at 28°; if melted in hot water, washed, strained, 
and then allowed to concrete, itsJmpurities are separated; it is less apt, 
in this state, to grow rancid. 100 parts of alcohol, of .822, dissolve 3.42 
of butter. Butter is easily saponified, requiring for the purpose not more 
j than 0.4 of hydrated potassa: it yields 88.5 per cent, of concrete fixed acids, 

in which a little Stearic acid, 11.85 glycerine, and three distinct volatile 

acids, are included. Butter also includes three distinct species of fatty 
matter: namely, a stearin, an efain, and a third substance, butyrin^ which 
produces the volatile acids of its soap. (Chevreul.) The relative proportions 

* This acid is the acid. (p. 1128.) yellow, thick, and sometimes streaked 
It is abundantly generated during the with blood; it only contiuns traces of 
spontaneous changes which milk under- butter, and coagulates, when heated, like 
goes in becoming cotir. a serous secretion : it gradually acquires 

f When the glands b^^ to secrete the characters of perfect milk: it easily 
milk, it is at first very <tifferent from putrefies, without becoming sour, 
wliat it becomes afterwa^ and has been $ According to Chevrevd, butter-milk 

termed colostrum; it is then more saline contains 6f4^prte acid, 
than perfect milk, and, in the cow. 
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of these fets vary,- whence the varying consistency of hotter. The siearhi 
of butter mtiy he obtained by expression, or by deposition from its hot 
alcoholic solution; it is white, crystalline, and fusible at 112®. 100 parts 

of boiling alcohol, of 0.822, dissolve only 1.43 ports of it: when saponified, 
it yields 0.945 of fat-acid, fus^ at 1 12®, 0.072 glycerine, and traces of 
volatile acids. The elain of^mtter is very .difficultly separiMe from 
butyriii : Chevreul endeavoured to obtain it by keeping purified butter 
for a long time at a temperature of about 71 b ; the elain and butyrin 
gradually liquefied, and were poured off from the stearin in the form of an 
oil, specific gravity = 0.922 at 6(P. 100 parts of boiling alcohol, of 0.822, 
dissolved 0 parts. Digested for 24 hours with anhydrous alcohol at OO®, 
it yielded a solution, which, when poured off from the residue, and dis- 
tilled in a water-bath, left a sour oil, smelling of butttT, and consisting of 
butyrin with a little elain: the acid w'iis abstracted by washing with a 
little magnesia and water, wlicu the butyrin remains jis an oil wliich 
congeals at about 32®. It dissolves in all proportions of Ijoiiiii}; ilcoliol, 
with this peculiarity, that the solution of 2 butyrin in lOaleoliol hc ei»nies 
turbid as it cools, whilst 10 of 'butyrin in 12 of aleoliol remains elear. 
The alcoholic solution gradually becomes sour. Hutyrin is easily saponi- 
fiable: its fat-acids begin to eongeal at 90®, but are not perfectly eoiierete 
till cooled to 62®. 

A\7ieii butyrin, freed from its asstn iated stearin and elain, Is saponified, 
it yiehls three distinct acids, termed, by Chevreul (linberches .?«/• fes 
Corps Gras), buh/rh\ vaproic, and capru acid. ♦ 

1. Bi'tyuic i\ciD. To obtain this acid, 5 parts of bnft/rim ,jUte 
saponified by 2 of hydrate of potassa; tiie resulting soap is dissoLvii^li a 
large proportion of water, and decomposed by an exceis of 
phosphoric acid; the liquid portion is then sepiuritted by Jj||arlWl&'fr 
the precipitated stearic and oleic acids, and subjected distil la tion, 

when the three above-named acids, being volat&c, pass over with the 
water. The distilled product is saturated by b^yta, and gently evapo- 
rated to dryness. The residue consists of butyrol^^l^^ate, and eaprate 
of baryta: it is to be decomposed by concentrated pbo^horic acid, which 
separates the three fat-acid^ in the form of an oily liquid, and the portion 
-which remains with the barytic salt ]|y^ Jbo abstracted by ether, and 
obtained either by distilling off the cthW at 102®, ojr bjjj^ spontaneous 
evaporation! " The oily mixture of the three acids is then agitated with 
its weight^f water, which dissolves-^ the butyric acid. The oily residue 
is then repeatedly washed with water, by which the caproic acid is 
dissolved, and the capric acid remains. The three acids^^eing thus 
separated, should each be saturated by baryta, and the residting salts 
crystallized. 100 parts of ^e butyrate of baryta are then decomposed 
by 63.36 parts of sulphfiric acid fluted witfi its weight of water; the 
butyric acid, wliich {separates, is then decanted off and distilled by a 
gentle heat; it is then mixed with its weight of powdered chloride 
of calcium, and, after some days, again^istilled by a gentle heat. The 
butyrate of baryta may also be decon^pRed by the addition of 1.82 parts 
of phosphoric add, specific gravity = 1.12: the acid is then separated by 

decantation, ai^ aviation with ether. • 

Butyric acid is a limpid, colourless, inflammable liquid, resembling a 
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Tolatile oil; it does not congeal at 15^; it boils at a temperature soihe- 
what above 212% and volatilizes without decomposition. Its specific 
gravity is 0.9675 at 50^. It has a sour smell resembling that of rancid 
butter, and a pungent and slightly-sweet taste: it leaves a white spot 
upon the tongue, and a greasy stain op which gradually evaporates. 
It mixes ^n all proportions with water, the presence of other acids 
diminishes its solubility. The density of a mixture of 2 parts of butyric 
acid and 1 of water is = 1.00287* Butyric acid apparently dissolves 
without decomposition in sulphuric and nitric acid. In combination with 
bases, it forms hulyrateB^ which, -when dry, are inodorous, but when moist 
smell strongly of butter. When decomposed by heat, they yield carbu- 
retted hydrogen and carbonic acid, and an aromatic oil which is not acid: 
the residue is c&rbonaceous. The neutral butyrates are soluble, but many 
of them lose a part of their acid during evaporation. Butyric acid is 
composed of 


Carbon 

8 

. . 48 

. . 82.34 

Chcvrenl. 
. 62.82 

Hydrogen . . . . . 

5 


6.49 . 

7.01 

Oxygen . 

3 

24 

. . 31.17 

30.17 

Anhydrous butyric acid 

1 

77 

100.00 

100.00 


In its^ ordinary slate, the acid consists of 1 atom of anhydrous acid 
+ 1 atom of water, which it throws off when it combines with oxide of 
lead: hence we have the formulae 

( fl CdT + 5 A + 3 0 ) or but^ anhydrous butyric acid, 

( 8 CCLT 4 * 8 A + 4 0) or ( huV 4* ^ hydrated butyric acid. 

Butyrate OP Aaimonia. (A Butyric acid, by absorbing 

amn^oniacal gas, »first forms a crystallizable compound, which, by further 
absorption, produces a liquid, and this afterwards concretes into a mass 
of acicular crystals. 

Butyrate op Potassa (P 4- but ' ) has a sweetish buttery taste, and 
is deliquescent and imperfectly crystallizable; 100 parts of water, at 60°, 
dissolve 12.5 of this s^t, and the solution combines with a large additional 
proportion of acidi 

Butyrate of Soda (S 4- butf) is less ^liquescent than the potassa 
salt: in otlier respects its properties are similar. 

BuTYRATi^ji|^F Lime (C 4 - bmt^) forms acicular crystals, of which 17 
parts, are solume in 100 of water. This salt is less soluble in hot than in 
cold water, so that the cold solution concretes when heated: this effect is 
well observed in a*' tube, in which the hot and solid hydrated salt liquefies 
when plumed into cold water. 

Buty^te op Baryta. (B 4- butL') This salt crystallizes in flat 
* prisms, of a greasy lustre, and a buttery and alkaline taste : it restores 
the blue of reddened litmus. 100 parts of water at 50° dissolve 36 of 
this salt; it is a little soluble in anhydrous alcohol, and unchangeable in 
the air: in vacuo it loses 2.26 per cent, of water without becoming 
opaque. 

Butyrate OP Strontia (STfil||- but^) resembles the salt of baryta, 
but is less soluble. 

Butyrate- OP Lead (Pl 4- but^) forms small silky crystals; it easily 
loses acid during evaporation, and forms a tribasic salt. 

4 E 
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Butyratb op Copper forms transparent eight-sided 

prisms. Its solution at 212® deposits a blue powder, which soon becomes 
brown. 

2. Caproic Acid is obtained by the decomposition of 100 parts of ca- 
proate of baryta by 29.6.3 of sulphuric acid, diluted with its weight of 
water ; it is digested with chloride of calcium, and distilled. It is a very 
inflammable limpid oil, of an acrid acid flavour, leaving an impression of 
sweetness, and smelling like sour perspiration. Its specific gravity is 
0.622 at 76®; it does not congeal at 15®. It boils above 212®, and eva- 
porates gradually in the air. Water at 42® scarcely dissolves 1.04 per 
cent. Anhydrous alcohol dissolves it in all proportions. 

Gaproic acid, in anhydrous combination, consists of 


Chcvreul, 

Carbon 12 . . 72 *. . (j8.67 . . 68.33 

Hydrogen 9 . . 9 . . 8.67 . . 9.00 


Oxygen 3 . . 24 . . 22.86 . . 22.67 

Anhydrous caproic acid 1 105 100.00 100.00 

Tlic liquid acid consists of 1 atom of anhydrous acid + 1 atom of 
ivater (105 4*9= 1 14) so that we have the formula? ' 

( 12 CCLT + 9 A + 30) or CaprO^ =: anhydrous caproic acid, 

{viCCLV +10^+40) or {CQIfTO^ -h y) = hydrated caproic acid. 
Caproates. Tlicse salts smell and taste like the acid ; they exhale 
an aromatic odour when decomposed by heat. Their solubility is inter- 
mediate between that of the .butyrates and caprates. Caproate qf 
potassa forms a very soluble gelatinous compound, which becomes opaque 
when heated. Caproate qjT lime crystallizes in quadrilateral plates, 
soluble in twice their weight of water. Caproate of baryta^ when crys- 
tallized at 65®, forms hexangular tables ; at 85® .its crystals are ^icular. 
100 parts of water at 50® dissolve 8 of this salt. It is iusible at a 
moderate heat. ^ 

3. Capric Acid. 100 parts of the caprate of baryta are decomposed 
by 47.5 of sulphuric acid, diluted with its weight of water ; or by 83.6 
of vitrified phosphoric acid dissolved in 240 parts 6f water. The capric 
acid is distilled after having been digested upon chloride of calcium. 

Capric acid forms small acicular crystals, which fuse at about 65®, at 
which temperature its specific gravity i^O.910. It may be distillcdjf with- 
out decomposition, at a little above 212®. Water at 66® dissolves scarcely 
a thousandth of its weight of capric acid, but alcohol dissolves it in all 
proportions. Its odour partakes of that of the goat. 

Capric acid consists of 


^ . Cbevreul. 

Carbon 18 , . 108 . . 74 .O . . 74.00 

Hydrogen ...... 14 , , 14 . . 9.6 . . 9.75 

Oxygen ...... 3 . . 24 . • 16.5 . . 16.26 


Anhydrous capric acid 1 146 100.0 100.00 

The crystallized acid includes 1 atom of water (146 +9= 166), hence 
the formulae 

(isCar + 30) or cap', n anhydrous capric acid, 

(isCdT* + 18^+ 4 O) or — hydrated capric acid. 

Caprates. The humid caprates have the odour and taste of the acid ; 
exposed to heat, they exhale an aromatic and goaty odour. 
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Caprate op Baryta requires for its solution 200 parts of water at 
67^ ; it is fusible, and of a bitter, alkaline taste. 

It will be remarked that each of ^he three acids of saponified butjrin 
include 3 atoms of oxygen in their equivalents; so that in the neutral 
butyrates, caproates, and caprates, the oxygen in the base is to that in 
the acid as 1 to 3. 

Curd OF Milk. Caseum. Lagtalbumex. This, which is the coagulablc 
or albuminoid principle of milk, may be separated by adding dilute sul- 
phuric acid to skimmqd milk, which forms a white coagulum, or sulphate 
of caseum ; this is washed to deprive it of whey, and mixed and digested 
with carbonate of lime or baryta ; the acid is thus abstracted by the 
earthy base, and the free caseum dissolves in the water, so that it may be 
separated by filtration ; thifr solution is yellowish, and somewhat viscid ; 
during evaporation it smells like boiled milk, and becomes covered with 
similar films, which may be successively removed ; when dry, the caseum 
is yellow, and soluble in water, and the solution is coagulated by acids, 
especially when warm; and when left to itself, it putrefies and smells like 
old cheese*. The transparent desiccated caseum becomes opaque in 
alcohol, in which it is sparingly soluble. (Fronimhcrz and Gugert. 
Schweiggers Jour,^ l. 72.) 

Caseum closely resembles albumen in regard to the action of the acids; 
the principal difference being, that it is precipitated by acetic acid ; the 
precipitate is re-dissolved by excess of acid, but less easily than albumen 
or fibrin. The acid solutions of caseum' are precipitated hy ferrocyanuret 
of potassium. The alcoholic solutions of caseum are not precipitated by 
acids; and its acid compounds, wlitch are insoluble in water, arc soluble 
in alcohol. Caseum combines with the alkalis and alkaline earths, and 
its aqueous solution is precipitated by all those salts which throw down 
albumen, and also by tannin. 

Caseum, like albumen, exists in the liquid and coagulated form ; but 
its coagulation is not effected by boiling, but by the action of jrennei^ 
which is the inner coat of the csdf s stomach after it has been washed in 
hot water. How this operates is unknown; but a similar coagulating 
power resides in the stomachs of most, if not all, animals. Berzelius 
put 1 part of the inner membrane of the calf s stomach, after having 
been well washed and dried, into 1800 of skimmed milk, gradually heated 
up to 122°, and kept at that temperature till fully coagulated ; he then 
took it out, washed, and again dried it; it had only 6 percent, in weight. 

Cheese is a mixture of coagulated caseum with more or less butter ; 
its various qualities depend upon a variety of causes, partly connected 
with the properties of the milk employed, partly upon occasional addi- 
tions to it, and peculiarities of manipulation ; there are, however, two 
leading varieties dependent upon the absence and presence of butter ; the 
former is a poor and comparatively hard and tasteless cheese, little 
prone to change, and when heated, shrivels up like horn ; the latter is 
rich, ftisiblo, and when toasted, becomes soft and viscid, entering into a 
state of greasy semifusion. Bnglish cheese is frequently coloured by 

* Braconnot conceives that dried ca- 1 it might forma good substitute for milk 
seum may be used as an article of food ; 1 in long voyages, 
and that with water, butter, and sugar, I 
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annotta, and often contains a preposterous quantity of salt, added partly 
to preserve it, and partly to increase its weight. The flavour and texture 
of cheese alters considerably by age ; and if originally moist, it gradually 
passes into a peculi.ar state of putrefaction, the products of which have 
been examined by Braconnot. {Ann. de Chim. et Phys,^ xxxv., 161.) He 
found that curd covered with water, and kept at a temperature of about 
75 °, underwent complete putsefaction in about a month. Tlie liquid was 
then filtered oflF, smelt putrid, and, when evaporated to the thickness of 
honey, concreted into a granular mass, part of which was soluble in alco- 
hol; the insoluble residue is what Proust {Ann. de Chim. et Phys.^ x., 
40,) termed caseous oxide^ and the soluble portion, caseate qf ammonia. 
Braconnot dissolved the caseous oxide in water, filtered through animal 
charcoal, and then obtained a colourless solution, which, by spontaneous 
evaporation, yielded a crystallized product : to this he gives the name of 
aposepedin^ (from ^tto, and product of putrefaction.) 

Aposepedin is a friable crystalline substance, inodorous, slightly 
bitter, heavier than water, bums without residue, and when heated in 
a tube open at both ends, it rises in vapour, which deposits itself as a 
crystalline sublimate. Heated in a retort, this volatilization docs not 
ensue, but it is decomposed, yielding concrete oil, and a liquid contain- 
ing carbonate and hydrosulphurct of ammonia. It is very sparingly 
soluble in alcohol, and deposited from its boiling solution as it cools in 
the form of a light powder like magnesia ; nitric acid decon^poses it ; 
muriatic acid dissolves it, and the evaporated solution concretes on cool- 
ing. Its aqueous solution yields a flocculent precipitate with infusion of 
galls, soluble in excess of the precipitant ; subacetate of lead also throws 
down a white precipitate. 

The supposed solution of caseate qf ammonia., above-mentioned, con- 
tains, according to Braconnot, aposepedin, acetic acid, animal extractive, 
a resinous substance, several salts, and a peculiar oi7, which is extremely 
pungent, and identical with that which is generated in old cheese, and 
gives to it its acrimony. Oleic and margaric acids, margarate of lime, 
and the acids of butyrin are contained in the insoluble residue remaining 
upon the filter. The composition of aposepedin has not been ascertained ; 
it probably contains a large proportion of nitrogen, and from its blacken- 
ing eflect upon silver, and the products of its destructive distillation, sul- 
phur seems to be one of its elements. 

The equivalent of cascum, or.lactalbumen, cannot be determined, so 
that its atomic constitution must be hypothetical ; it is given as follows 
by Gmelin, in reference to Gay Lussac's analysis : 


Carbon . . 

... 7 

42 

C0.87 

Gsiy-Lussac 
aud Thanard. 

59.781 

Hydrogen . 

... 6 

6 

7.25 

7.429 

Oxygen 

... 1 

8 

11.59 

11.409 

Nitrogen . 

. . . 1 . 

14 

20.29 

21.381 

Caseum 

... 1 


100.00 

loo.oooT 


The carbonaceous residue of caseum affords, when incinerated, about 6 
per cent, of phosphate of lime, an ingredient in milk, which, as Berzelius 
remarks, forms an important feature in respect to the nourishment of 
young animals, who require it for the formation of bone. 
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Whey, Sugar op Milk. When the butter and curd of milk are 
abstracted, there remains a j)ale yellowish opalescent fluid, termed whey^ 
which, when evaporated, deposits a crystallized substance called sugar cf 
milk. Sometimes whey is evaporated to dryness, and the residue used 
as an article of food ; in Switzerland, sugar of milk is an article of com- 
merce ; it forms crystallized cakes or masses of a prismatic and lamellar 
fracture; it is slightly sweet, and gritty: its sp. gr. = 1.543. It con- 
tains 12 per cent, of water, which may be evaporated by careful fusion, 
after which it concretes into an opaque white mass. Its water is also 
expelled by fusion with oxide of lead. It is slowly soluble in .3 parts of 
hot and 6 of cold water, very sparingly soluble in alcohol, and insoluble 
in ether. It is not susceptible of^ vinous fermentation. It is convertible, 
like starch, into granular sugar, by boiling with a very dilute sulphuric 
acid. Nitric acid converts it into malic, oxalic, and mucic or saclactic 
acid^ (p. 897-) Caustic potassa converts it into a brown bitter substance. 
When digested with oxide of lead and water, sugar of milk forms a 
soluble and an insoluble compound; the insoluble and anhydrous combina- 
tion consists of 83.5 oxide -f 38.5 sugar of milk; in this compound, the 
oxygen, according to Berzelius, in the oxide, is to that in the sugar as 
1 to 4, whence the following estimate of the equivalent and atomic com- 
position of this organic product : 






BorKidius. 

Carbon 

. 5 . . 

30 . . 

45.45 . . 

45.267 

Hydrogen 

. 4 . . 

4 . . 

6.06 » . . 

6.385 

Oxygen 

. 4 .. 

32 . . 

46.49 . . 

48.348 

Anhydrous sugai* of milk 

. 1 

66 

100.00 

100.000 

The crystallized sugar of milk consists of 







UemdiuR. 

Anhydrous sugar of milk 

. . 1 . 

. . 66 . 

. 68 . . 

87.667 

Water 

. . 1 

9 . 

. 12 . . 

12.333 

Crystallized sugar of milk 

. . 1 

75 

100 

100.000 

Or, 



Giiy Lussac and 




Hcr 2 (*liiis. 

ThiiUiird 

Pront. 

Carbon . . . 5 . . 30 

. . 40.00 

. . 39.474 

. . 38 825 . 

. 40.00 

Hydrogen . . 5 . . 5 

. . 6.67 

. . 7.167 

. . 7.341 . 

. 6.67 

Oxygen ... 5 .. 40 

. . 53.33 

. . 53.359 

. . 53.834 . 

. 53.33 

Crystallized sugar) , 

ofmilk . . 7* 

100.00 

100.000 

100.000 

100.00 


Human Milk. The statements respecting the composition of human 
milk are much at variance, arising probably in part from the difficulty of 
obtaining it in sufiicient quantity for analysis, and partly from its 
mutability in regard to the relative proportions of its component parts. 
L. Gmelin and Berzelius have each given the details of the experiments 
which have been made upon it. Its sp. gr. appears to vary between 
1.020 and 1.025, or a little higher: its solid contents, according to Meg- 
genhofen, vary between 11 and 12.5 per ceni,^ and its albumen or COSeuIU 
is said to furnish soluble combinations with acids, so that it is not coa- 
gulated 'by them. Of fifteen samples, only three were coagulated, by 
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acetic and muriatic acids ; but tbey were all coagulated by rennet: this 
is an important fact, as establishing the distinct action of rennet from 
that of acids. The following are the results of three of Meggenhofen’s 


analyses : 

Butter, acids, and salts 
Sugar of milk and salts 
Curd coagulated by rennet 
Water 


1. 


11. 

111. 

9.13 

, , 

8.81 

17.12 

1.14 

, , 

1.29 

0.88 

, 2.41 

, . 

1.47 

. . 2.88 

. 87.25 

. . 

88.35 

70.93 


The extraordinary proportion of butyraceous matter in III., shows 
the uncertainty of composition in this secretion : indeed, in all the aboye 
cases the quantity of butter appears to haye been excessiye, for Payen's 
results, which, in regard to the total amount of solid matter, agree with 
Meggenhofen's, do not giye an aycrage of more than 5.2 per cent, of that 
ingredient. 

Asses’ ]\fiLK has a specific grayity 1.023 to 1.0355, it yields a 
light white butter, which soon grows rancid : the curd is more difficultly 
separable than from cow’s milk, but the whey is clearer, and contains 
more sugar of milk. It contains 2.9 cream, 2.3 caseum, 4.5 sugar of 
milk (per cental and, according to Van Stiptrian Luiscius and Bondi, 
it is susceptible of yinous fermentation. ^ 

Mares’ Milk has a specific grayity = 1.034 to 1.045 ; it yields little 
cream, but a large proportion of sugar of milk ; a yinous liquor is ob- 
tained by the fermentation of its whey, known in Tartary under the 
name of koumiss. 

Goats* Milk is of a specific gravity = 1.036 ; its goaty odour is 
stronger from dark than from white goats ; it yields much cream and 
butter, and this, besides the usual acids, yields a peculiar one, called by 
Chevreul hircic acid^ which gives it its characteristic odour : its caseum 
is also abundant, and the whey easily pressed out of it. It contains in 
the 100 parts 4.08 butter, 4.52 caseum, 5.86 residue of the whey, 85.50 
water (Payen) ; 7«5 cream, 4.56 butter, 9.12 caseum, 4.38 sugar of 
milk, (S. Luiscius and Bondt.) 

Sheep’s Milk, of the specific gravity of 1.035 to 1.041, yields much 
cream, the butter of which is semifluid, and easily becomes rancid : the 
butter is difficultly separable from the curd, so that the cheese which it 
yields is rich and greasy. It affords 11.5 cream, 5.8 butter, 15.3 caseum, 
4.2 milk-sugar, per cent. 

It has not been ascertained how far all milk is susceptible, under 
favourable circumstances, of vinous fermentation, nor whether any 
common sugar is present in the milk which undergoes that change; milk- 
sugar and water with a ferment, will not produce a vinous liquor: 
Scheele found that the addition of an ounce of brandy to a quart of milk 
caused it to undergo acetous fermentation, and that in a month it yielded 
good vinegar when poured off the curd, and contained no lactic acid. 

At temperatures above 65^, milk absorbs oxygen, and becomes sour ; 
between 68^ and 75^9 this takes place in a few hours, and the milk then 
curdles when hoiled ; but Gay Lussac found that freA milk heated every 
other day, or in summer every day, up to 212°, might be kept for months 
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without spoilmg. Milk, which has become sourish, may be recovered bv 
heating it with a little carbonate of potassa or soda, sufficient to neutralize 
its acid. Wh^n milk grows sour, the lactic acid which is produced 
eombines with the curd, and the combination may be decomposed (as 
stated in regard to the sulphate caseutn) by alkalis:, or alkaline 
earths. 

The influence of food upon the milk is well known by the varieties 
of taste, colour, and odour, which are so produced. From some of the 
Euphorhice^ and from the Graiiola officinalis it is said to acquire a. laxa- 
tive power. Madder, saffron, the flowers of Ranunculi^ and many other 
colouring-mattersj communicate to it their tints. The volatile oils of the 
didynamice affects its odour. Various medicines apparently affect the 
properties of the milk, as indicated by its effects upon the infant ; and 
the influence of affections of the mir'd upon the secretion are often very 
obvious ; these subjects, however, have as yet engaged but little of the 
attention of the chemist. 


§ III. BILE. Biliary Concretions. 

This important secretion has been laboriously examined by several modern 
chemists of eminence, among whom we may especially enumerate 
Thcnard (Memoir es d* Arcueil^ i.), Berzelius (Jijehrhuch der Tki 3r~ckemie.y 
and Med. Chir.Trans.^ iii.), Tiedemann and Gmclin [Uberdle Verdauung^ 
Essay on Digestion), and Frommherz and Gugert (Schweigger's Journal^ 
V. 1.) Their results, however, are so much at variance, that it is im- 
possible to draw any general conclusions from tlieni respecting the real 
nature and chemical components of the bile ; these discrepancies seem 
partly to arise from the extreme facility with which chemical agents 
react upon this secretion, so that many of the supposed educts or com- 
ponent parts, which have been enumerated, are probably products of the 
different operations to which it has been submitted, or at all events, 
modilications of its true proximate elements : it has been therefore well 
observed by Berzelius, that our present chemical knowledge of the nature 
of bile can only be considered as a foundation for the more extended 
and satisfactory researches of future experimentalists. I shall here 
endeavour to select some of the least disputable and most important facts 
respecting the chemical properties of the bile, remarking at the outset, 
that the indications of reagents upon different specimens of bile are apt 
to vary, and that their action is often much modified by temperature, 
quantity, and the mode in which they are used. 

There always appears to be mixed with bile a variable proportion of 
mucus^ probably derived from the gall-bladder and its ducts, and not, 
therefore, a true component of the secretion : this gives the bile its visci- 
dity, and often seems in some way to modify its other characters : in 
general, however {px-gall), it is a green liquid, varying somewhat in tint, 
of a peculiar odour, a bitter and nauseous taste, and a specific gravity 
fluctuating between 1.020 and 1.030. It does not coagulate when heated, 
and although it may possibly contain albumen, or something very like it, 
it is not immediately coa^ated by alcohol or by dilate acids^ The 
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relative proportion of solid matter obtained by the evaporation of bile, is 
between 8 and 10 per cM, By means of acetic acid, the iiiucuh which is 
mixed with the bile may to a great extent be separated. In the mam- 
malia^ generally, the bile exhibits nearly the same characters ; and in 
birds and fishes its components seem to be the same, but rather more 
dilute in the former, and more concentrated in the latter ; it is always 
alkidine, from the presence of soda, apparently in the same state of com- 
bination as it exists in the serum of the blood. When bile is evaporated 
very carefully to about half its bulk, and alcohol added, (in the propor- 
tion of about four parts to one of the evaporated bile,) a coagulated 
matter is thrown down, which has some of the properties of albumen ; 
yet neither solution of corrosive sublimate, nor of ferrocyanuret of potas- 
sium, which are such delicate tests of that proximate animal principle in 
other cases, enables us to detect it in the original bile. Chlorine first 
renders bile green, and then opaque or milky. Acetate of lead gives 
no precipitate, but subacetate of lead throws drown n copious curdy 
substance. When alcohol is added to bile which has been evaporated 
nearly to dr^mess, it acquires, when filtered off, a brownish-green colour 
and bitter taste ; when evaporated, it leaves a residue which is almost 
totally soluble in water ; and in this aqueous solution, dilute sulphuric 
acid slowly throws down a gray. substance, which appears to*bc a com- 
pound of the acid and the bitter principle of the bile ; when it has been 
washed with water (in which it is not soluble), it dissolves jn alcohol, 
and if the sulphuric acid be then separated from it by carbonate of baryta 
and filtration, the filtered solution leaves on evaporation a green, trans- 
parent, bitter residue, which appesirs to be the characteristic principle of 
the bile, and which Berzelius calls Gallenstojf. As thus obtained, it is 
not quite irce from foreign matters, and ether digested upon it takes up 
a little fatty matter ; indeed, when bile, concentrated by evaporation, is 
agitated with ether, and the latter, after having separated upon the sur- 
face, is poured off and evaporated, it always leaves traces of a fatty 
substance, probably identical with cholesterine. The purified bitter 
residue, to which we have just adverted, is apparently the picromel of 
Thenard ; it has a bitter, pungent, and sweetish taste, is inflammable, 
deliquescent, soluble in water and alcohol, but insoluble in ether; its 
solution is precipitated by many acids, (not by acetic or phosphoric,) and 
the precipitate is nearly insoluble in water, of a greenish colour, resinous 
appearance, and fusible at 212^. This precipitate (consisting of picromel 
combined with the acid used to throw it down) dissolves in alcohol, and 
is again thrown down by water : it dissolves in solution of acetate of 
potassa, the alkali of which combines with the acid of the precipitate^ 
whilst the acetic acid unites to the picromel to form a soluble acetate. 
Picromel dissolves in weak alkaline solutions apparently without decom- 
position. 

It is possible, from the above characters, that certain^coDibiiiations of 
picromel (by which I mean Berzelius's Gallenstoff) may have been 
mistaken for resin, and for albumen, and that it is not improbable that 
the only true albuminous part of the bile may be in that^ equivocal state 
which is often called mucus^ and which is especially distinguished by 
being precipitable by acetic acid. Berzelius has suggested an analogy 
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TOtween picromel and the peculiar saccharine matter which is contained in 
liquorice-root; and in many respects their chemical properties are identical. 

In the preceding statement, drawn principally from Berzelius, I 
have endeavoured to give the simplest view of the analysis of the bile ; 
namely, the separation of its muco-albumen by acetic acid or alcohol, and 
of its picromel by precipitation with acids, and subsequent decomposition 
of the precipitate by carbonated baryta or alkali ; its saline contents 
appear closely to resemble those of the serum of the blood ; like which it 
has an alkaline reaction, due to soda. I have also selected such 
experiments, as, with me, hare invariably succeeded : the following re- 
sults, therefore, of the analysis of the bile, as given by Berzelius, will 
now be intelligible : — 


Water 90.44 

Picromel (Gallenstoft'), includmg fat 8.00 

Mucus of the gall-bladder 0.30 

Extractive, common salt, and lactate of soda .... 0.74 

Soda . . ' 0.41 

Phosphate of soda and lime, and traces of a substance insoluble 

in alcohol 0.11 


The details of the other analyses of the bile, as given l>y the authori- 
ties to which I have referred above, would be unintelligible if abridged, 
and are too voluminous, to be inserted here; and, moreover, I liave 
generally failed in arriving at satisfactory conclusions in my endeavours 
at a repetition of the various analytical operations which are described ; 
I must, therefore, rest satisfied with giving, in a condensed form, a 
general statement of their results. According to ITi^nard, human 
bile contains, water 90.90; yellow bitter resin 3.73; yellow matter 
generally diffused through the bile (mucus and colouring-matter?) 
0.13 to 0.90; albumen 3.82; soda, by which the resin is dissolved, 
0.51 ; phosphate, sulphate, and muriate of soda, phosphate of lime, 
and oxide of iron, 0.41. Tiedemann and Gmelin give the following 
as the components of human bile : 1. fat; 2. brown resin; 3. sw^eet prin- 
ciple of bile; 4. salivary matter; 5. mucus; 6. gall-brown (colouring- 
matter?); 7* oleic acid, salts, and minute quantities of other substances. 
Frommherz and Gugert (Schweigger’s Journal^ l. 8) have arrived at yet 
more complicated results: namely, 1. fat; 2. resin; 3. sweet principle; 
4. osmazome; 5. salivary matter (Speichelstoff); 6. caseum; 7* mucus; 
8. margaric and other fatty acids, with phosphate, muriate, and sulphate 
of soda and potassa; and carbonate, phosphate, and sulphate of lime. The 
above, and other chemists, have published analyses of bile, taken after death 
in various diseases, but they present nothing very important. Tiedemann 
and Gmelin's elaborate andysis of ox^gall deserves the perusal of all 
chemists concerned in such inquiries: it contains, according to L. Gmelin, 
{llandbuch der Theor. Ckem,^ ii., 1012.; Frankfurt, 1829,) a substance 

not to be found in any other bile, and which he has called Taurin or 

Gallen-asparagin : it may be obtained as follows : — Add muriatic acid to 
ox-gall, and filter; after a few days a fatty matter appears, which is 
separated by filtration; the filtered liquid is evaporated to a small bulk, 
when it separates into two parts — ^a resinous mass, and a sour fluid : the 
latter, upon further evaporation, yields more resinous matter, and at 
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length crystals of common i^t and taurin, which are to be separated, and 
the latter purified a second time by crystallization. Taurin, when purified, 
is in prismatic crystals, neither acid nor alkaline, not altered by exposure 
to air, inodorous, of a peculiar taste, soluble in about fifteen parts of cold 
water, and nearly insoluble in absolute alcohol; it is fusible, and not 
decomposed by nitric acid. 

In concluding this subject, I must again observe that many of the 
supposed proximate components of bile are perhaps prod»c/j of the various 
operations and re-agents to which it has been submitted, and that the 
analysis of Berzelius, which is the simplest, is probably the most correct : 
from the uncertain operation of various precipitants upon bile, and from 
the facility with which the results vary, apparently in consequence of very 
trifling causes, there seems to be a peculiar tendency in its coni{>onent 
parts to undergo hitherto unexplained modifications. 

Biliary Calculi, or Gall-stones. Tliese concretions have been 
especially examined by Gren, Thenard, Fourcroy, and, as to the fatty 
matter which they contain, by Chevfeul, (Ann. de Chitn.^ xcv., 5.) 
Human gall-stones are, for the most part, composed of a crystalline 
aggregate of a species of adipocere, or as it has been termed by Chevreul, 
cholesterine (from hile^ and solid\ with more or less colour- 

ing-matter, muco-albumen, and inspissated bile ; they arc accordingly of 
various colours and textures, but generally brittle and friable. Those 
which are chiefly cholesterine, or, as it should more properly be* termed, 
cholesieijtrine^ are white and crystalline, and lighter than water; the 
others are more tough, coloured, and dense; their specific gravities, there- 
fore, vary from 0.803 to 1.06. Their chemical examination may be con- 
Ji|mted as follows: They may be powdered, and digested in water to 
mtete the inspissated bile: then boiled in alcohol, and the solution 
ii|raK whilst hot ; as it cools it deposits the cholesterine, and often re- 
common fat and its acids in solution. The portion which resists 
Iwjeu^ion of alcohol may be digested in a weak solution of caustic potassa, 
Ipipbh takes up colouring-matter and muco-albumen : the solution, super- 
Hiparated by acetic acid, deposits these, and the coiouring-matter may 
afterwards be removed by alcohol. Any common albumen may be 
detected by ferrocyanuret of potassium added to the acetic solution. 

Cholesterine separates in white pearly scales from its hot alcoholic or 
ethereal solution during cooling ; it fuses at about 280% and when heated 
to about 400% it sublimes: in the open air it bums like Its 

ultimate components are 85 carbon, 12 hydrogen, 3 oxygen. It is the 
most carbonaceous of all the varieties of fat. 

The galUsimes of the ox frequently consist chiefly of the yellow 
colouring-matter of the bile, which is occasionally used by painters, on 
account of its brightness and durability: it is insoluble in water and 
alcohol, but readily soluble in weak solution of potassa, from which it is 
thrown down in green flocks by muriatic acid : nitric acid, cautip^ 
dropped into a solution of this colouring-matter, gives it various 
of green, blue, and red. A gall-stone from a sow yielded chol^erifi 

6.0, re^ 45. Bodawiih resin 3.6, mucus, colouring>matter, phosphate of 
lime and oxide of iron 4S.4. (Lassaigne.) 
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§ Saliva. Pancreatic Juice. Gastric Juice. Lymph. 

Mucus. Pus. 

Saliva has been examined by Berzelius, and more in detail by Tiedcmann 
and Gmelin. ( Uher die V erdauung») The principal use of this secretion 
appears to be to attenuate, and mix with the food during mastication; it 
is consequently secreted in great abundance during a meal; at other 
times, only in such "quantity as to lubricate the mouth and parts adjacent. 

Human saliva is transparent, viscid, and contains an animal matter, 
frequently termed mucus^ but its peculiarities have been pointed out by 
Berzelius, who designates it salivary matter » (^Speuhehtoff.) Under the 
term mucilaginous cxlractivCy a similar principle has been found in other 
animal fluids. The specific gravity of human saliva is 1.0043. It is 
generally slightly alkaline; some^mes neutral; and in some diseases 
(intcimittcnt fever and abscess) sour; mtric acid separates from it trans- 
parent films. The <«alts of lead, tin, copper, and mercury, and infusion 
of galls, yield vHth it a dense white coagulum; it renders dilute permu- 
riatc of iron yellow-red. It loses from 99.1 to 90.81 per cent, by »po- 
ration, and leaves a residue = 0.9 to 1.19. The dry residue contains 
fatty matter, with traces of phosphorus, osmazome, sulphocyanate, muriate, 
and acetate of potassa, (with a little soda.) 31.25. It affords to hot 
alcohol albuminous matter (caseum ?) .vith a trace of sulphate of potassa, 
1.25; salivary matter, with alkaline phosphates, and traces of sulphates 
and muriates, 20 00 ; mucus, with carbonate and phosphate of lime, 
40.00, (loss 7*6*) By incineration, the dry residue of saliva yialds 21.9 
per cent of ash, composed of 17<8 carbonate, phosphate, muriaftf, and a 
little sulphate of potassa^ (mth traces of soda,) and 4.5 phosphate of lime, 
with a little carbonate of lime and magnesia. ( Gmelin.) According to 
Berzelius, the components of saliva are, salivary matter 0.29, mucus 0.14, 
osmazome with lactate of soda 0.09, soda 0.02, chloride of potassium and 
chloride of sodium 0.17, water 99.29. By transmitting a current of 
electricity through saliva 1 obtained indications of albumen, resembling 
those with other albuminous fluids. {Phil, Trans^ 1809.) 

In the saliva of a person suffering under diseased lungs, whose per- 
spiration smelt sour, and whose gastric juice contained much acetic acid, 
whilst the urine was highly alkaline, Dr. Front found free acetic acid. 
(7V^^7. Mag, and Ann.^ iv., 122.) During mercurial salivation, the specific 
gravity of the saliva was 1 .0038, and contained albuminous flakes = 0.257, 
mucus 0.367, chloride of sodium 0.090, water 99.286. (Thomson, Ann,^ 
Vi., 397.) 

In a similar case, in which the saliva amounted to two quarts daily. 
Dr. Bostock found it of a pale-yellow colour and opaque; it deposited, in 
the course of twenty-four hours, viscid films, and became transparent; it 
became turbid at 212^, and with muriatic acid and corrosive sublimate it 
gave an albuminous precipitate : it left, on evaporation, 2 per cent, of dry 
residue. (Med. Chir. Trans.^ xiii., 73.) 

The saliva of the dog and of the sheep have been analysed by Gmelin, 
and of the horse, by Lassaigne. (Ann. de Chim, et Phys,^ xix., 176.) 
The saliva of the sheep contained so much carbonate of soda as to effer- 
vesce with acids, and also sulphocyanuret of potassium. Its solid matter 
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amounted to 1.2 per cent. That of tlie dog left 2.51 per cent, of solid 
matter, but yielded only very slight traces'of sulphocyanogen. . Tlie saliva 
of the horse afforded 3.5 jper cent of solid residue, and deposited carbonate 
and phosphate of lime. 

Salivary Concretions. These are sometimes found in the salivary 
ducts and glands; they have been repeatedly analyzed, and consist of 
phosphate of lime, carbonate of lime, &c., and albuminous matter. A cal- 
culus from the salivary duct of a woman sixty years of age, was white, 
fnable, specific gravity = 2.30. It contained animal matter 25, phos- 
phate of lime 55, carbonate of lime 15, carbonate of magnesia 1, oxide of 
iron 2? loss 2. (Bosson.) A calculus from the salivary gland of an ass, 
contained 91.6 carbonate of lime, 4.8 phosphate of lime, and 3.6 animal 
matter. (Caventou.) A salivary stone from a horse consisted of 85.52 
carbonate of lime, 7*^6 carbonate of magnesia, 4.40 phosphate of lime, and 
2.48 of animal matter. (Henry, jun.) 

Tartar op the Teeth. This term is applied to a deposit formed 
upon those parts of the teeth which are protected from the cleansing 
influence of the tongue, and is most abundant in the mouths of persons 
who speak much, and keep the mouth open, so as to allow of the evapo- 
ration of the saliva. It consists of animal matter and earthy phosphates. 
Berzelius obtained from 100 parts of this substance, salivary matter 1.0, 
mucus 12.5, earthy phosphates 7^0, animal matter soluble in muriatic 
acid, According to Yauquelin and Laugier it contains, 0.13 insolu- 
ble mucus, 0.66 phosphate of lime, with a trace of magnesia, OtOO car- 
bonate of lime, 0.05 soluble animal matter, 0.07 water. 

Pancreatic Juice. This secretion, from a dog, contains, according 
to Omelin, albumen, and a substance like curd, a small quantity of mucus 
and osmazome, (salivary matter?) and a free acid. Its salts resemble 
those of saliva, excepting sulp]||||pyanatcs. It afforded 91.72 per cent, of 
water. That from the sheep cojfitained 1.51 substances soluble in alcohol, 
0.28 soluble in water, 2.24 c^gulated albumen, 96.35 water. JThe sup- 
posed analogy between saliva and the secretion of the pancreas seems, 
therefore, to be disproved. 

Gastric Juice. Xhu extraordinary solvent powers of this secretion, 
and its property of coagiflating milk (and other albuminous liquids?) 
have been long known, but its chemical nature docs not satisfactorily 
explain these properties. We are indebted to Dr. Prout for the curious 
discovery of the presence of muriatic acid in this secretion, {Phil. Trans.^ 
1824;) he found it, together with acetic acid, in the gastric juice of the 
rabbit, hare, horse, calf, and dog, and in the sour matter thrown up by 
persons suflering from indigestion, a fact also confirmed by Mr. Children. 
According to Tiedcmann and Gmelin, any foreign matter in the stomach 
excites this acid secretion, but especially stimulating food. The other 
properties of gastric juice will be mentioned when considering the pheno- 
mena of digestion. 

IjYMPH. This term is applied to the fluid which lubricates the dif- 
ferent cavities of the body, and which moistens its cellular textures ; it 
sometimes collects in morbid quantity, as in dropsies^ and is found in 
the thoracic duct of an animal that has been kept for twenty-four hours 
without food. The liquid of some vesications seems, chemically speaking. 
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closely to resemble it. It is colourless, transparent, miscible in all pro- 
portions with water, does not affect vegetable blues, and is not coagulatod 
by acids or by alcohol. When evaporated to dryness it yields slight traces 
of albuminous matter. 

Its composition, however, in dropsical cases, is liable to much variation, 
depending probably upon the cause of its accumulation, and the manner 
in which it has been thrown out. When this has been a very gradual 
process its characters are those of common lymph ; but when rapid, or 
attended by inflammatory action, it is more abundant in albumen, and 
sometimes approaches serum in its characters and composition — Whence 
dropsical fluids are often very dissimilarly constituted, as far, at least, as 
regards quantitative composition^. 

Mucus. All animal fluids of a viscid or glairy consistence, and not 
partaking of the decided characters of albumen, were formerly classed 
under this term, till Mr. Hatchett, in his valuable essays on animal sub- 
stances, and especially in his observations on the component parts of 
membrane, showed the necessity of assigning to it a more definite mean- 
ing. Dr. Bostock includes, under the term mucus^ animal substances 
which are soluble in hot and cold water; not precipitated by tannin or 
corrosive sublimate; not gelatinizable; but which are thrown down by 
subacetate of lead. Fourcroy and Vauquelin improperly compare it to 
gum. Berzelius remarks, that if the term mucus be restricted to the 
secretion from what are termed mucous membranes^ it will include a 
variety of dissimilar products, and in the paper already quoted, I have 
shown that the characters generally ascribed to mucus, are in some cases 
derived from peculiar forms or combinations of albumen. 

The secretion which is most appropriately termed mucusy is that from 
the nasal membrane ; its properties are. amply given by Berzelius. It 
appears when first secreted to be thin aq^ aqueous, but, subject, from its 
situation, to the constant action of air, &d to evaporation, it gradually 
thickens. It contains mucus (a peculiar animal principle) 5.33, extractive 
matter soluble in alcohol arid an alte|}ine lactate 0.30, chlorides of potas- 
sium and sddium 0.56, extractive matter soluble in’ water only, with traces 
of albumen and a phosphate, 0.35, soda combined with the mucus 0.09, 
water 93,37. Of these components the 7nucui is the only one which is 
peculiar to this secretion; its properties are defined by Berzelius as fol- 
lows: it swells and acquires apparent fluidity in water, without being 
actually dissolved, but gives a ropiness to it when present to a less amount 
than 1 per cent. With pure water of the temperature of 95° this appear- 

* The human liqumr amnii is ammonia- peculiar to the liquor amnii of the cow, 
cal and albuminous; it yields copious and termed ammo^tc acid, was found by 
precipitates with corrosive sublimate and Dzondi to belong to the liquor of the allan- 
hifusion of galls. It is also said to con- tois, or to the urine of the festus. The 
tain benzoic acid and urea. Soda, mu- allantoic acid is obtained by evaporating 
riate of soda, and phosphate and carbo- the allantoic liquid of the foetal calf; it 
nate of lime, are also contained in the forms white acicular crystals, sparingly 
amniotic fluid; and Dr. Prout found soluble in water, but yielding soluble 
traces of sugar of milk in it. {Ann, of salts with the alkalis. It consists, accord- 
Phil.. V., 417.) The solid contents amount ing to Liebig, of (6 car -J- 4 A -b 4 o+2 n.) 
to between 2 and 3 per cent. The acid ^ (See also Lassaigne, Ann. de Chim. et 
described by Buniva and Vauquelin, as xxxiii., 279.) 
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ance ensues in a few hours, but if the apparent solution be filtered, the 
mucus remains upon the paper and gradually thickens; it may be 
repeatedly dried and moistened without material change of properties; it, 
however, becomes less transparent, yellow, and at length has a purulent 
appearance. When boiled in water it docs not harden and shrink, but 
becomes tough, and on cooling is found to retain its former characters. 
When dried, it is yellow and translucent; and subjected to distillation, it 
yields carbonate of ammonia and empyrcumatic oil, and phosphate and 
carbonate of lime, and a trace of carbonate of soda, are found in the 
residuary ash. It is soluble in dilute sulphuric acid, and is blackened 
and decomposed by the concentrated acid. Dilute nitric acid coagulates, 
and tinges it superfcially yellow, after which it swells and becomes viscid 
as at first: when digested in the acid it is entirely dissolved. Acetic 
acid coagulates, but does not dissolve it; it, however, acquires a trace of 
albumen, and consequently becomes cloudy on the addition of ferro- 
cyanurct of potassium. Caustic potassa first renders it more viscid, and 
then dissolves it. Infusion of galls thickens and coagulates it in all its 
states. 

Pus. This, and the term purulent matter^ is applied to the secretion 
of inflamed and ulcerated surfaces, and its characters arc very difleront 
according to the circumstances under which it is secreted. When it in- 
dicates a healing sore, it has been called healthi/ pus^ and has the follow- 
ing properties. It has the consistency of cream, a yellowish colour, and 
exhibits, under the microscope, the appearance of globules diffused 
through a fluid. (Home, On Ulcers^ 2d Edit., p. 13.) Its specific gra- 
vity is about 1.030. It docs not affect vegetable colours till it has been 
some time exposed to air, when it becomes slightly sour ; it docs not 
easily mix with water, alcohol, or dilute acids. (Pearson, On Pus^ Nichol- 
sons Journal^ xxx.) The composition of pus has not been accurately 
determined, and there is no accurate test by which it can be satisfactorily 
distinguished from albuminous and mucous secretions, when, as is 
almost always the case, it is more or less mixed with those animal 
fluids. 

Tears contain a small portion of albumen combined with soda, mu- 
riate of soda, and water. There are also small portions of other salts. 

Humours op the Eye. The aqueous and vitreous humour are com- 
posed of water holding a minute quantity of albumen and saline matter 
in solution ; the crystalline lens also contains more than half its weight 
of water, the remainder being a peculiar albuminous substance with traces 
of saline substances. 

Synovia is the fluid which lubricates the surfaces of joints. It con-* 
tains, according to Mr. Hatchett {Phil, Trans.^ R small portion of 

phosphate of lime, and of phosphate of soda and ammonia ; the animal 
principle appeared to be albumen. 

In oysters^ in the vertebral fluid of the Squalus maximus^ and in frog^- 
spawn^ are contained modifications of mucus ; that of lrog-8pa|pi is veiy 
remarkable, from the extent to which it swells up in water, ^^ming a 
very bulky and transparent jelly, so that a piece not larger than a pea of 
the recently-emitted gelatinous matter that envelops Ae ova of the frog, 
will gradually absorb and gelatinise 8 or 10 ounces of water. 



§ V, URINE. Urea. Uric Acid. Urinary Calculi. 


Urine. This secretion carries off several substances from the blood, 
which may be termed excrementitious, and which would be injurious if 
retained ; these substances are, for the most part, abundant in nitrogen. 
The quantity of urine which is formed, or secreted, in the ordinary and 
healthy state of the system, is very variable, depending upon the quan- 
tity of liquids taken into the stomach, the extent of perspiration, and 
apparently, in many cases, upon the dry or humid state of tlie atmo- 
sphere, a cause by which., the abstraction of moisture by the skin is 
greatly modified. Between 30 and 40 ounces may, perhaps, be considered 
as the average quantity of the urine voided by a healthy person, living 
upon ordinary diet, in the course of each 24 hours. 

But the quality of the urine is no less variable than its quantity ; so 
that its density is perpetually varying ; sometimes its specific gravity 
scarcely exceeds that of water ; at others, it rises to 1 .030, or even in 
some diseased states, to 1.040 ; that which is voided in the morning by a 
person who has eaten and drunk moderately of usual diet is usually a 
little on one side or other of 1.020* 

Rficent healthy urine always has more or less of an acid reaction 
upon tests ; after it has stood in an open vessel for a few hours, this 
acidity gradually becomes less apparent, and it generally deposits a little 
mucus, containing traces of acid urate of ammonia. Tt is extremely 
prone to other and more complicated changes, £md in warm weather, it 
begins in the course of a few hours to acquire new properties : it be- 
comes alkaline, acquires a highly-disagreeable odour, and lets fall a 
whitish sediment, consisting chiefly of ammonio-magnesion phosphate, 
and phosphate of lime ; it afterwards smells ammoniacal, and is found to 
hold carbonate of ammonia in solution. Similar changes may be effected 
by continued boiling ; they are chiefly referable to the decomposition of 
tlie characteristic ingredient of the urine, namely nrea, a substance 
which is easily resolved into carbonate of ammonia. 

The substances always found in healthy urine are the following : 


1. Water. 

2. Carbonic acid. 

3. Phosphoric acid, or super- 
phospliatc of lime. 

4. Uric acid, or siiperurate of 
ammonia. 

5. Phosphate of lime^ 

To which may probably be added, 

13. Fluoric acid. • 

14. Benzoic acid. 

15. Acetic or lactic acid. 

16. Gelatine. 

17. La^te or acetate of ammonia. 

18. Sil^hate of potassa. 


6. Phosphate of ammonia. 

7. Phosphate of soda. 

8. Phosphate of magnesia. 

9. Common salt. 

10. Sulphate of soda. 

11. Albumen. 

12. Urea. 


19. Fluate of lime. 

20. Muriate of ammonia. 

21. Sulphur. 

22. Silica. 

23. Mucus. 

24. Colouring and odorous matter. 


To tills extensive list may be added a great variety of occasional w 
accidental ingredients derived from particular lands of food or medicine, 

and which pass off by the kidneys ; and lastly, certain substances which 
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are apparently products of disease, such as oxalic acid or oxalate of lime, 
carbonate of lime, cystic oxide, sugar, and nitric acid. 

From this complicated character of the urine, from the variations to 
which the quantity and quality of its components are liable, and from the 
facility with which it passes into a state of decomposition, and is modi- 
fied by heat and other chemical agents, it becomes extremely difficult to 
give even an average statement of the relative proportions of its usual 
ingredients ; as a specimen, however, of such an attempt, 1 quote the 
folloT^g from Berzelius : 


Water 033.00 

Urea * . . 30.10 

Sulphate of potassa 3.71 

Sulphate of soda 3.16 

Phosphate of soda 2.94 

Muriate of soda 4.45 

Phosphate of ammenia 1.65 

Muriate of ammonia 1.50 


Free lactic acid (acetic) . 

Lactate of ammonia (acetate) 

Animal matter soluble in alcohol 
Urea pot separable from the preceding . 


Earthy phosphates, with a trace of fluate of lime . 1.00 

. Uric acid . . 1.00 

Mucus of the bladder 0.32 

Silica 0.03 


1000 

A question has arisen as to the existence of free acid in the urine, as 
stated by Berzelius and others ; Dr. Prout regards the acidity of the 
urine as the result of the presence of acid or super-salts, and especially 
of superphosphate of lime and superurate of ammonia. Dr. Turner ob- 
serves, “ that a very strong argument, which to him appears conclusive 
in favour of this view is, that on adding muriatic acid to recent urine, 
minute crystals of uric acid are gradually deposited, as always happens 
when this acid subsides slowly from a state of solution ; but on the con- 
trary, if no free acid is added, an amorphous sediment, which Dr. Prout 
rcgar4s as superurate of ammonia, is obtained." We know, however, too 
little of the mutual actions of the complex ingredients of the urine, to 
sanction this opinion ; carbonic acid is certainly, sometimes at least, pre- 
sent in a free state ; and whether other acids may or may not exist free, 
and therefore in variable quantities in reference to the bases, is, I think, 
a question which cannot, at present, be determined. At all events, the 
presence of free acid in certain morbid states of the urine, ^annot admit 
of a doubt. One^pportant consequence of the acid state of the urine 
appears to be the retention of certain difficultly-soluble salts in perma- 
nent solution; for whenever the urine is neutralized by an alkali, these 
are more or less precipitated ; an effect of this kind not unfrequently 
takes place in the body, as we see from the turbid state in^ which the 
urine is voided after sufficient doses of the caustic or cmrbonated ^olis, 
or of magnesia. 

The properties and composition of the ordinaiy acids, bases, and salts 
of the urine, are already before the reader; the chemical history of i/rea, 
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and of uric acid^ bodies which peculiarly characterize urine, remain to be 
noticed. 

Urea w the principle which confers upon urine its chief peculiarities. 
It may M obtained by slowly evaporating urine to^the consistency of 
syrup ; on cooling it concretes into a saline mass, which, by digestion in 
alcohol, furnishes urea. By carefully distilling off the alcohol, the urea 
remains in the form of a brown crystallized mass, which, by purification, 
furnishes colourless prismatic crystals. Or, concentrated nitric acid-tnay 
be added to the brown urea, which forms with it a ciystallized mass, 
which, after having been washed with a little cold water, is to be dried 
by pressure in blotting-paper. The nitrate of urea thus formed is to be 
decomposed by neutralizing it with a strong solution of carbonate of 
potassa, and the solution set aside after having been duly evaporated, to 
separate the nitre by crystallization. The mother-liquor, which is an 
impure solution of urea, is mixed with animal charcoal into a paste, 
which, after some hours, is lixiviated with cold water ; the urea is dis- 
solved, and the solution evaporated to dryness, at a low temperature. 
The residue is then digested in pure alcohol, which deposits crystals of 
urea on cooling. (Front, Med. Chir. Tran^,^ viii.) 

The form of these crystals is a four-sided prism ; they are transparent, 
colourless, of a peculiar and cooling taste, a faint, but not urinous'odour, 
neutral, slightly deliquescent, and of a specific gravity z=1.35. Urea dis- 
solves in about its weight of water at 60°, and in 5 parts of cold, and 1 
of lK)iling alcohol. Tliis solution is not prone to decomposition unless 
other ingredients of the urine he present ; it is then, by continued ebul- 
lition, almost entirely resolved into carbonate of ammonia. Urea is also 
decomposed by the caustic alkaMs and alkaline earths. It fuses at 250°, 
and at a somewhat higher temperature it is resolved into carbonate of 
ammonia and cyanuric acid. Although not alkaline, urea forms definite 
and ciystallizablc compounds with nitric and oxalic acids ; and this pro- 
perty forms a good characteristic test of the presence of urea. 


Urea consists of 

Carbon .... 

1 

G 

20.00 


PPOIll. 

19.975 

Hydrogen . . . 

2 

2 

6.67 

. . 

6.690 

Oxygen .... 

1 

. . 8 

26.66 

. . 

26.650 

Nitrogen . . . 

1 

14 

46.67 


46.650 

Urea .... 

1 

80 

100.00 


99.925 


By referring to the composition of cyanic acid, ammonia, and water, 
it will be apparent that 2 atoms of urea =2 (Ca7 *+ 2 A-fO-fTl) are 
equivalent to,^ and contain the elements of 1 atom hydrated emnate 
of ammonia =: (A+{y'+^) or (71-4- sCflT* +0)4-(A+0). 
Hence the production of urea by the mutual action of ammoni€^ cyanic 
acid, and water, as by decomposing cyanate of silver by muriate of am- 
monia, or cyanate of lead by a solution of ammonia ; in the latter case, 
oxide of lead falls, and it might be presumed that cyanate of ammonia 
would be formed, but on evaporating the filtered liquor, quadrangular 
crystals are obtained, which yield no ammoxua by the action of potassa, 
nor do they precipitate solutions of lead or of silver, as is the case with 
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the soluble cyanates ; in this case, therefore, urea is formed artificially^ 
and it presents a curious case of isomerism. 

Uric Acid. Lithic Acid. This acid has been mentioned RS ofte 
of those which ar€|» found in human urine; it often constitutes urinary 
concretions ; it is found in the urine of birds of prey and of those which 
feed on fish and animal matter ; it is also, however, abundant in the ex- 
crement of the parrot and of other birds which feed upon vegetables only. 
It m the excrement of large snakes, especially that of the Boa con* 
^/rtc/o^which consists of white nodules containing little else than urAte 
of ammonia. From this substance, uric acid may be obtained, by pow- 
dering it, digesting and dissolving it in solution of caustic potassa, and 
dropping the solution into dilute sulphuric, muriatic, or acetic acid ; the 
precipitate, when thoroughly edulcorated and dried, is pure uric acid. It 
is a white, tasteless, inodorous powder, nearly insoluble in water, Tequiring, 
according to Front, 10,000 parts of water at 60° for soMon ; it is 
insoluble in alcohol and in ether, it reddens litmus, and combines with 
bases. When mixed with nitric acid, and evaporated carefully to dry- 
ness, a criinson or scarlet compound remains, which becomes bright 
purple when moistened with ammonia; this is a ready and characteristic 
test of uric acid. 

Uric acid is decomposed by chlorine; when dry^ and heated in the 
gas, cyanic and muriatic acids are formed ; if moist^ cyanic and carbonic 
acids, while muriate and carbonate of ammonia remain in solution. 
When uric acid is distilled per se it yields carbonate and hydrocyanate of 
ammonia, and a sublimate of pyro-nric or cyanuric acid*. 

Dry uric acid, consists of 

* Liebig. Front. 


Carbon 

5 . 

. 30 . 

. 35.7 . 

. 36.11 . 

. 39.875 

Hydrogen . 

2 . 

. 2 . 

. 2.3 . 

2.34 . 

. 2.225 

Oxygen 

3 . 

. 24 . 

. 28.6 . 

. 28.19 . 

. 26.776 

Nitrogen 

2 . 

. 28 . 

. 33.4 . 

. 38.86 . 

. 31.125 

Uric add . . 

. . 1 

84 

100.0 

100.00 

100.000 


* Cyanuric acid may also be obtained 
from urea, which, when gradually heated 
in a retort to about 600"* is resolved into 
ammonia and anhydrous cyanuric acid ; 
the latter remains in the retort ; to purify 
it, it is dissolved in hot sulphuric acid, 
and nitric acid dropped in till it occasions 
no further effervescence, and the solution 
becomes colourless ?«when cold, water is 
added, which throws down cyanuric acid 
in the form of a white^crystaUine powder. 
It may be obtmned in l^e crystals, by 
evaporating its hot saturated solution to 
about half its bulk, at a temperature of 
150% and allowing it gradually to cool 
upon the sand-bath* Cyanuric add is 
remarkably unchaiig^ble by the action 
of adds, and when heated it sublimes 
nnclmged in the foinn of adenler 078* 

tala It maybe obtained onAf^droiif, ij 


dissolving the crystals in hot sulphuric 
add, fioin which it is deposited on cool- 
ing. According to Wohler and Liebig, 
cyanuric add consists of 3 atoms of 
cyanogen, 3 hydrogen, andG oxygen; so 
that its ultimate components are 

Carbon • 6 . 36 • 27*8 

Nitrogen . 3 . 42 . 32.6 

Hydrogen . 3 . 3 . 2.4 

Oxygen . 6 . 48 . 37.2 

Cyanuric acid 1 129 100.0 

The conversion of hydrous cyanic acid, 
and of u:^ into cyanuric acid, and other 
cases of its formation, will be intelligible 
by reference to its ultimate components; 
the hypothetical arrangements of which 
thoso will admit are too numerous to be 
here inserted. 
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Dr. Prout’s latest analysis, above quoted, gives 6 instead of 5 atoms 
of carbon, and places the .equivalent of uric acidiat 90 instead of 84. 
The analyses of the urates, are not, however, sufficiently numerous, to 
enable us accurately to determine the equivalent of^e uric acid, and 
Liebig has adduced strong evidence in favour of the above atomic consti- 
tution. de Ckim. et Phys.^ Lv. 58.) # 

Urate op Ammonia. (A The neutral urate of ammoz^ is 

soluble, according to Prout, in 480 parts of water at 60^, and the sel^ion 
yields a precipitate of uric acid on the addition of 1;he othej^acids i 
triturated with solution of potassa it evolves ammonia: this salt occurs 
in the urine, and in urinary calculi; but according to Coindet the excre- 
ment of snakes and birds contains a binurate of ammonia. 

Urate of Potassa (P+^^0 formed by digesting uric acid in a 
warm solution of caustic potassa, till it is neutral ; on cooling, the salt is 
deposited in granular ciystals, or by slow evaporation, in crystalline scales 
soluble in about 500 parts of cold water; but it is more soluble in boiling 
water, especially if there be excess of alkali ; in this case, however, the 
neutral urate is also deposited. When urate of potassa is dissolved in 
.solution of potassa, carbonic acid throws it down in the form of a bulky 
gelatinous precipitate; it is also precipitated by carbonate of ammonia. 
When the dry salt is exposed to air it absorbs carbonic acid, and carbonate 
and binurate of potassa are formed ; digested in a solution of carbonate of 
potassa, uric acid forms a transparent gelatinous hydrated urate of potassa, 
and the solution contains bicarbonate of potassa. When subjected to 
destructive distillation, urate of potassa leaves cyanuret of potassium. 
When uric acid is fused with caustic potassa, ammonia is evolved, and 
oxalate of potassa formed. 

Urate of Soda. (S+WT*'.) The mutual action of uric acid and 
solution of caustic soda, resembles that of potassa. This salt constitutes 
the white concretions which form in the joints of gouty persons, and 
which are called chalk-stones. (Wollaston.) 

Urate of Lime. (C+WT '.) The solution of uric acid in lime-water 
yields pulverulent or minute acicular crystals of this salt. The addition 
of muriatic acid to the solution, throws down a binurate of lime. 

Urate op Baryta (B ^UTf) may be formed by digesting uric acid in 
baryta-water ; or by adding urate of potassa to soluble barytic salts. 
Urate of strontia and urate of magfiesia may also be obtained by double 
decomposition : according to Wetzlar, when uric acid is boiled in wat^r 
with the earthy carbonates, carbonic acid is expelled, and urates of the 
'bases are formed. Many of the metallic urates may be^formed by double 
decomposition : the urate of mercury so obtained yields, when heated, 
carbonic and hydrocyanic acid, and much C 3 ranic acid, but no froe 
cyanogen. (Wohler.) 

Purpuric Acid. This compound was first accurately examined and 
disti^lguished as a peculiar acid, by Dr. Prout, {Phil. Trans.^ 1818.) Its 
name indicates the colour of its compounds, for, though colourless itself, 

it produces purple salts. It may be obtained as follows: (Tumefs 

Elements.) Let 200 grains of uric acid prepared from the urine of the 
Boa conr/rtc/or be dissolved in 800 grains of pure nitric acid, diluted with 

4 p 2 
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an equal weight of water, the uric acid being added gradually, in order 
that the heat may not be excessive. Effervescence ensues after each 
addition, nitrous acid fumes appear, heat is evolved, and a odourless 
solution is formed,^ which on standing in a cool place for some hours, 
yields colourless crystals whieh have the outline of an oblique rhomboidal 
pris^. By gentle evaporation, an additional quantity may. be obtained. 
They contain nitric and purpuric acid, and ammonia ; should be dissolved 
in ^vater^^d be exactly neutralized by pure ammonia, and the liquid 
then digested in a solution of potassa until the ammonia is wholly 
expelled: on pouring this solution into dilute sulphuric acid, purpuric 
acid is set free, which being insoluble in water, subsides as a grannlar 
powder, of a white colour if pure, but commonly of a yellowish-white 
tint.” Dr. Turner observes “ that consideniblc uncertainty prevails as to 
the nature of purpuric acid. Yauquelin denied that its salts have a 
purple-colour, attributing that tint to some impurity; and Lassaigno is 
inclined to the same opinion; (Ann. dc Chim. et Phj/s.^ xxii. 334;) but 
from the intense colour given even by a very minute quantity of purpuric 
acid, tl]^ opinion of Dr. Prout appears to me the more probable. The 
composiilioii of the acid is likewise unsettled, for Prout has expressed a. 
doubt of the accuracy of the analysis which he fbrmcrly published.” 

Dr. Prout s iuialysis represented I'urpuric acid as (i CCLV + n h 
+■ 2 0 + 71) its equivalent being 44. This acid reddens in the air^ either 
from the formation, or absorption of ammonia: it reddens wlien heated, 
and hums away without any peculiar odour, olt is decomposed by con- 
centrated nitric acid and by chlorine. It requires more than 10,000 parts 
of water for solution, and is soluble (without decomposition,) in sulphuric 
acid. It expels carbonic acid from the carbonated alkalis, and forms red 
salts, most of which contain 2 atoms of acid to 1 of Ixise. 

PiJHPCRATE OP Ammonia forms four-sided prisms of a red colour and 
sweetish taste, soluble in 1500 of cold and in much less of hot water, and 
insoluble in alcohol and ether: the aqueous solution is carmine-red. 
Purpurate of potasm is dark-browTiish purple, and much more soluble in 
Avater than puq)unite of ammonia. Purpurate of soda requires 3000 
parts of water at 00^ for solution. Purpurate of baryta is thrown down 
in the form of a dark-green powder, on mixing acetate of baryta with 
purpurate of ammonia; its aqueous solution is purple. Purpurate of lime 
is greenish-brown, and yields a purple solution with hot water. Ihir- 
purate of magnesia is very soluble. Purpuric acid readily dissolves in 
heated acetic acid, but not in tartaric, citric, or oxalic acid. (Prout.) 

Brugnatelli, •nder the name of Erythric acid^ (from to 

redden^) has described a substance which Dr. Prout regards as the crys- 
tallized compound of nitric and purpuric acid and ammonia, above 
mentioned. Tlie rosacic acid of Proust appears to be a modification of 
uric acid, perhaps tinged with a little purpurate of ammonia: it forms 
what is usuaUy termed the laterilious sediment which is deposited by urine 
in the course of some fehrilc disorders. 

Composition op urine in diseases. The urine is liable to infinite 
modifications both in the quantity and quality of its components, and 
when these arc regular or constant, or when they exceed certain limits, 
they are regarded as constituting morbid states of the secretion. 
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I have already adverted to the new characters wliich the urine some- 
times acquires from partipular kinds of food or medicine. Odorous 
principles are- often carried off by it, as in the case of asparagus, oil 
of turpentine, and several other varieties of volatile oil. During a 
course of mercurial friction, mercury is said to havd" been found in the 
sediment, which, in such cases, is generally deposited ; and traces of iron 
have been found during a course of chalybeate remedies. Nitre, .-^ferro- 
cyanuret, and sulpho-cyanuret of potassium, iodine, and iodic s^ts, several 
borates, carbonates, chlorates, and even silicates, and many the acids 
and alkalis, have also been traced passing off from the stomach by the 
kidneys; some of the vegetable siilts with alkaline bases appear to suffer 
such decomposition, as to act upon the urine in the manner of free alkalis, 
the acid being decomposed, probably by the process of digestion. Among 
the' substances which pass off by urine, none are more remarkable, or more 
easily observed, than colouring-matters of vegetable origin, such as those of 
many fruits, log^vood, madder, rhubarb, and also several astringents; these 
sometimes arc not apparent, till the urine is tested by an alkali, or by 
solution of iron. The mineral acids, alcohol, ether, camphor, empyreu- 
matic oils, musk, the colouring- matters of cochineal, litmus, and#fl7>-^rce« 
(which is the gr<'cii extractive of the Rhmnnus catharticu.s) and others, 
insoluble in water, arc said not to pass by urine in an unchanged state. 

Ill many diseases, there is an excessive secretion of acid along with 
the urine ; this is sometimes uric #iciV/, which wc shall presently refer to, 
and sometimes oxalic or even nitric acid, neither of wliich belong to 
healthy urine ; I liave *also observed a peculiar acid state of urine 
depending upon a volatile acid, which I believe to be either the acetic, 
or lactic. Nor is an alkaline state of urine, or at least a deficiency in 
the proper proportion of acid, at all uncommon ; it is often the result of 
particular fqod and medicine, and sometimes habitual ; in such cases, the 
urine has a tendency to a white deposit, or film ; and is generally 
opalescent, wh(‘n voided, or speedily becomes so. This is generally the 
case in injuries of the spine affecting the nerves which supply the 
kidneys, and in these cases ammoniacal urine is sometimes voided. 

The relative proportion of urea fluctuates on one side or other of the 
healthy standard, from a variety of causes : wlien it is defective, the 
urine loses its putrefactive tendency, and when long boiled or heated, 
tU(*rc is not that production of ammonia which belongs to healthy urine. 
In inflammatory affections of the liver, in hysteria, in some cases of 
excessive secretion of albuniinous matter, and in some of diabetes, there 
is this deficiency of urea. In other cases, urea is jp excess, so that 
nitric acid added to the urine, causes a deposition of nitrate of urea. 
Dr. Prout judges of the presence of excess of urea, by putting the urine 
into a watch-glass, jmd dropping in a little nitric acid, so as to collect at 
the bottom ; if there be a separation of crystals of nitrate of urea in the 
course of less thim half an hour, that ingredient is probably present in 
morbid proportion. 

Albumen is a common ingredient in healthy urine, but always in 
very small relative proportion ; in some cases of disease, it is so abun- 
dant as to coagulate by heat, or even sometimes, spontaneously, within 
the bladder : it is also recognised by the precipitate which it affords to 
ferrocyanurct of potassium; but in applying this test, and, iiidbed 
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generally, in judging of the state of the urine of any /individual, it 
should he previously ascertained that it is not naturally subject, (which 
is at times the case,) to excess or deficiency of this, or others of its 
components. In some forms of dropsy, especially where there is renal 
disease, excess of albumen is often oWrved; in these instances the 
urine is scanty, and its specific .gravity below the usual average, in con- 
sequence of deficiency in saline matter and in urea ; and it deserves 
notice, that in some such cases, urea has apparently existed in the blood. 

A peculiar red colouring-matter, difiering from any uric or purpuric 
combination, is sometimes present in the urine, associated with the late- 
ritious sediment ; it is soluble in alcohol, but has not been accurately 
examined. Messrs. Brett and Bird have adverted to such cases in a 
paper published in the Medical Gazette^ for August, 1 834. A blue and 
black colouring-matter have been observed in the urine, but they are of 
very rare occurrence ; the former is the cyanurin of Braconnot, and the 
latter the melanic acid of Prout? These appear to be peculiar organic 
compounds ; the former has apparently been mistaken for Prussian-blue. 
The yellow, brown, or green tint, which urine sometimes acquires, in 
jaundice and obstructions of the liver, seems to depend upon the presence 
of bile or of its colouring-matter. In these cases, muriatic acid brightens 
the colour, or renders it green. • 

The most extraordinary morbid change which urine suffers, is that 
connected with the formation of sugar in the disease called diabetes. 
This urine does not easily putrefy, and may be made to undergo vinous 
fermentation ; it is usually of a pale colour, an^ more or less sweet to 
the taste, and its specific gravity commonly above the healthy standard*; 

* The following table constructed by Dr. Henry, shows the quantity of solid 
extract, in a wine-pint of urine of different specific gravities, from 1.020, to 1,050. 
In the experiments which furnished the data of tl^ table, the urine was evapo- 
rated by a steam-heat till it ceased to lose weight, and left an extract which 
became solid on cooling. (Med, Chir. Tran§,y iL, 118.) This is a useful table to the 
medical practitioner, who, in cases of dial^tes, may draw important inferences 
respecting the progress of the disease, and the influence of medicines, from the 
differing density of the urine. 


Specific giarity 
compared witli 

101)0 parts of 

waWr at 60®. 

Quantity of 
solid extract 
in a 

wiuc' pint. 

Quantity of 
■olid extract 
ill a 

wine.pint, in 

Specific irravity 
compared witli 
1000 ]»arts of 
water at 60®. 

Quantity of 
■olid extract 
in a 

wine-pint^ 

Quantity of 
■olid extract 
ill a 

wine-pint, in 


Kn. 

oz. 

dr. scr. srs. 


gVB. 

oz. 

dr. icr. inr>* 1 

1020 

382.4 

0 

6 

1 2 

1036 

689.8 

1 

3 

1 9 

1021 

401.^ 

0 

6 

2 1 

1037 


1 

3 

2 8 

1022 

420.f 

0 

7 


1038 


1 

4 

0 8 

1023 

440.0 

0 

7 


1030 

747.2 

1 

4 

1 7 

1024 

459.2 

0 

7 


1040 

766.4 

1 

4 

2 6 

1025 

478.4 

0 

7 

2 18 

1041 

785.6 

1 

5 

0 6 

1026 

497.6 

1 

19 


1042 


1 

5 

1 4 

1027 

616.8 


il 

1 16 

1043 



5 

2 3 

1028 

536.0 



2 16 

1044 

843.2 

1 

6 

0 3 

1029 

555.2 

1 

1 

Ena 

1046 

862.4 

1 

6 

1 2 

1030 

574.4 

1 

1 

1 14 

1046 

881.6 

1 

6 

2 1 

1031 

503.6 

1 

1 

2 18 

1047 

000.8 

1 

7 

0 0 

1032 

612.8 

1 

2 


1048 

920.0 

1 

7 

1 0 

1033 

632.0 

1 

2 

1 12 

1049 

939.2 


7 

1 19 

1034 

651.2 

i ^ 

2 

2 11 

1060 

968.4 

1 

7 

2 18 

1035 

670.4 

Ljl 

3 

0 10 
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it is not, as is often supposed, destitute of, and even generally 1 believe, 
not deficient in urea. 

Diabetic Sugar may be obtained by evaporating such urine to the 
consistency of syrup, and keeping it in a warm place, when a granular 
mass is obtained which must be washed with cold alcohol to abstract the 
colouring-matter ; it may then be dissolved in boiling alcohol, and purified 
by repeated solution and crystallization, or by the help of animal 
cliarcoal. It is a granular sugar, resembling grape-sugar (p. 906,) in« 
appeardnce and composition : it consists, accor^ng, to Front, of 40.00 
carbon, 6.67 hydrogen, and 53.33 oxygen, per cent. 

The following analyses of diabetic urine are by Meisner ; the differ- 
ent samples were taken at different periods from the same individuaL 

1 . If. 1(1. 


Substances soluble in ether : urea, lactic acid, 1 ^ ^ 
lactate of lime, extractive . . . 1 

Substances soluble in alcohol : sugar, extrac-) « 

tive, salts » 

Substances soluble in water : extractive, salts 1.37 


Mucus, with phospliate of lime and traces of) 

oxide of iron i 

Water 


0.34 

91.19 


0.33 

3.46 

3.44 

0.31 

92.46 


0.65 


5.78 

0.99 

0.46 

92.10 


In diabetes insipidus^ the urine, though not sweet, is excessive in 
quantity, and deranged as to composition. The formation of urea is 
suspended, and such urine leaves, on evaporation, a brown residue, of 
the consistence of syrup, from which nothing crystallizef^, and which is 
slightly acid. Alcohol df .830 dissolves the greater part of this residue, 
and leaves, on evaporation, a yellow, deliquescent extractive matter, 
which resembles that which similar alcohol extracts from the inspissated 
decoctions of muscular flesh. The portion insoluble in alcohol, appears 
also to partake of the same properties. (Berzelius.) 

Calculous Concretions. It frequently happens that certain ingre- 
dients in the urine are secreted in excess, or that, from other causes, they 
are deposited in a solid form., constituting sandy gravely and calculi. 

Sabulous depositions in the urine are of various characters, but, as 
far as their leading chemical varieties are concerned, they may be con- 
veniently termed white sand and red sand; the former consisting 
usually of phosphate of limey or amtnonio-magnesian phosphatey or of 
mixtures of the two; whilst in the latter, uric acid predominates. 
These deposits are frequently temporary only, and may be produced by a 
variety of accidental causes, which influence the secretion of urine ; but 
when they are more or less constant, or arise from fery trifling causes, 
they then require the utmost attention, as being frequent foreruimers 
of calculus. This tendency to the deposition of solid matter is generally 
first observed in the urine after it is voided, and as it cools.; but it 
afterwards increases to such an extent that it is voided more or less 
turbid ; and, at length, symptoms of gravel or of stone in the kidney or 
bladder ensue. 

Urinary calculi are composed either of materials that exist at all 
times in the urine^ or of substances which only occasionally appear, and 
which may, therefore, be regarded as products of disec^e. Hie following 
arc their component ingrediefnta: 



CALCULOUS CONCEETIOKS. 


1176 


1. Uric or litluG acid. 

2. Urate of ammonia. 

3. Phosphate of Erne. 

4. Ammonio-magnesian phosphate. 


5. Oxalate of lime. 

G. Cystic oxide. 

7. Carbonate of lime. 

8, Silica. 


Of these substances, the first five are of most frequent occurrence, but 
their relative frequency varies in different countries and districts. Dr. 
Yelloly, in a paper on the “Tendency to Calculous Diseases" (PAiL 
Trans.y 1829), has given the following view of the different descriptions 
of calculi contained in the collection belonging to the Norwich hospital: 
firom this table it will he seen that about one-half of the specimens are 
composed of one description of material only; and that the remainder 
consist of alternating layers, more or less numerous, of most of the sub- 
stances of which human urinary calculi are composed. 


Calculi emsisting principally of cue deposit, 

Lithic acid HI 

Lithate of ammonia - --------20 

Oxalate of lime 20 

Phosphate of lime - " “ • - 4 

Fusible calculus, or mixed phosphates; that is to say, calculi com- 
posed of the triple, or ammoniaco-magnesian phospliate, mixed 
with phosphate of lime - -- -- *- 37 


Calculi consisting of two deposits, 

Lithic add and lithate of ammonia 
„ oxalate of lime 

„ mixed phosphates 

„ phosphate of lime 

Lithate of ammonia and lithic acid 

„ oxalate of lime - 

„ mixed phosphates 

„ phosphate of lime 

Oxalate of lime and lithic acid 

„ lithate of ammonia 

„ mixed phosphates 

,, phosphate of lime 

hlixed phosphates and phosphate of lime 

Calculi consisting of three deposits, 

Lithic acid, phosphate of lime, and mixed phosphates 
„ oxalate of lime, and phospliate of lime 

oxalate of lime, and Uthate of ammonia - 
„ oxalate of lime, and litliic acid - - - 

„ litliate of ammonia, and oxalate of lime - 
„ oxalate of lime, and mixed phosphates 
Lithate of aipmonia, oxalate of lime, and mixed phosphates 
„ oxalate of lime, and lithic acid 

„ phosphate of lime, and litliate of ammonia 

„ lithic acid and mixed phosphates - 

Oxalate of lime, lithic acid, and lithate of ammonia - 
„ lithic acid, and oxalate of lime 

„ litluc acid, and mixed phosphates 


37 

11 

10 

2 

2 

25 

14 
1 

10 

1 

15 
3 
2 


2 

1 

2 

4 

2 

1 
3 

a 

1 

2 
1 

1 

2 


• Calculi eensitting of four or more deposits. 

Lithate of ammonia, oxalate of lim^ lithic acid, and mixed phosphates I 
Oxalate of lime, lithic acid, oxalate of lime, and mixed phosphates 1 
Litliate of ammonia, oxalate of lime, phoi^hate of lime, oxalate of lime, 
and lithate of ammonia 1 


328 
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1 . Calculi cotnposed of uric acid^ of which acid the chemical propertis 
have already been described, are of a brown or fawn-colour; and, when 
cut through, appear of a more or less distinctly laminated texture. Their 
surface is generally smooth, or nearly so, being sometimes slightly 
tuberculated. Before the blowpipe, this calculus blackens, and gives out 
a peculiar ammoniacal odour, leaving a minute portion of white ash: it 
is soluble in solution of piire potassa, and heated with a little nitric acid, 
affords the fine pink compound above-mentioned. 

2. Urate of ammonia forms calculi, the surface of which is sometimes 
smooth, sometimes tuberculated; they are made up of concentric layers, 
and the fracture is fine earthy, resembling that of compact limestone; 
they are generally of a small size, and rather uncommon, though urate of 
ammonia often occurs mixed with uric acid. It usually decrepitates 
before the blowpipe, is more soluble than the uric calculus, evolves 
ammonia when heated with solution of potassa, and is readily soluble in 
the alkaline carbonates, which pure uric acid is not. 

3. Phosphate of lime calculus is of a pale-brown or gray-colour, smooth, 
and made up of regular and easily-separable laminae. It is soluble in 
muriatic acid, and precipitated by pure ammonia, and does not fuse before 
the blowpipe. Calculi frofin the prostate gland ^ are frequently composed 
of phosphate of lime. 

4. Ammonio-magnesian^ or triple calculus^ is generally white, or pale- 
gray, and the surface often presents minute crystals; its texture is 
generally compact, and often somewhat hard and translucent; heated 
by the blowpipe, it exhates ammonia, and leaves phosphate of magnesia. 
It is more easily soluble than the preceding; and oxalate of ammonia 
forms no precipitate in its muriatic solution. 

It frequently happens that calculi consist of a mixture of the two 
last-mentioned substances, in which case they fuse before the blowpipe, 
and are hence termed fusible calculi. They are white, or netirly so, and 
softer than the separate substances, often resembling chalk in appearance. 
They are easily soluble in muriatic acid, and if oxalate of ammonia be 
added to their solution, the lime is precipitated in the state of oxalate. 

5. Oxalate of lime forms calculi, the exterior colour of which is 
generally dark-brown, or reddish; they are commonly rough or tubercu- 
lated upon the surface, and have hence been called mulherry*calculL 
Before the blow’^pipe, they blacken and swell, leaving a white infusible 
residue, which is easily recognised as quicklime. Small oxalate of lime 
calculi arc, however, sometimes perfectly smooth upon the surface, and 
somewhat resemble a hempseed in appearance. 

6. Ci/stic oxide is a peculiar animal substance; the calculi composed 
of it, which are rare, are in appearance most like those of the ammonio- 
magnesian phosphate. They are soft, and when buHied by the blowpipe, 
exhale a peculiar foetid odour. They are soluble in nitric, sulphuric, 

muriatic, phosphoric, and oxalic acids, and also in alkaline solutions. 

Cystic oxide forms crystallizable compounds with nitric, muriatic, and 
oxalic acids. With sulphuric acid it forms a viscid, colourless, and 
uncrystallizable compound. Its component parts, according to Prout, arc 
carbon 29.9, hydrogen 6.1, oxygen .63.1, nitrogen 29.9. A specimen 
from a dog, analyzed by Lassaigne {Ann. de Ckim. et Phys.y xxiii., 329), 
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yielded carbon 36.2, nitrogen 34.0, oxygen 17-0^ hydrogen 12.8;* it is 
probable, therefore, that the latter was a different substance. 

7 . Dr. Prout, and Mr. Smith of Bristol, {Medico-Chir. Trans.^ xi., 
14) have described calculi composed almost entirely of carbonate of lime; 
but this species is exceedingly rare, and among several hundred calculi 
which I have examined, I never met with it from the human bladder. 
Carbonate of lime calculi are small, white, and friable. 1 have seen many 
beautiful specimens of carbonate of lime calculus from other animals, and 
especially from the horse. I have also observed very small and perfectly 
spherical concretions, composed of carbonate of lime and animal matter, 
voided in a case in which they apparently came from the prostate gland. 
In the case of this calculus cited by Mr. Smith, several small ones were 
voided, and three large calculi of similar composition were removed by 
operation. 

8. Silica, as an ingredient in urinary sand and in some calculi, is 
very rare. It would appear from the statement of Mr. Venables (Quart, 
Jour. N. S., December, 1829), that it most commonly is voided in the 
form of sand. Several supposed cases of siliceous sand have been traced 
to imposture. I have, however, seen, in the possession of Dr. Yelloly, 
an unequivocal specimen of siliciferous calculus; it was taken from a 
boy by an operation, and consisted chiefly of oxalate of lime, having 
small cavities in its interior, lined with an apparently chalcedonic crust, 
which, on examination, proved to be silica. 

These are the principal chemical facts belonging to the history of 
urinary calculi. In Dr. Wollaston’s valuable Jpapers upon this subject 
(Phil. Trans., and 1810), much additional information will be 
found. In the same work (1806, 1808, and 1810), 1 have given some 
account of their peculiarities, depending upon their situation, and have 
also discussed the chemical operation of solvents, a subject which I have 
taken up more in detail in the Quarterly Journal of Science and the Arts, 
vol. viii. The late Dr. Marcet published an excellent dissertation on 
Calculous Disorders; and Dr. Prout's Inquiry into the Nature and 
Treatment of Gravel, Calculus, dec.," may be considered as the best 
medico-K^hemical work upon the subject. 

UntNE OF OTHER Animals. From comparative analyses of the urino 
of different animals it appears, that urea is present in the higher orders. 
The urine of carnivorous animals is at first acid, but becomes speedily 
alkaline, and is veiy prone to putrefaction; it generally contains uric acid, 
but in small quantity; I found it present in the urine of a camel ; and in 
the urine of graminivorous animals I found phosphoric salts; Chevreul 
regards these conclusions as erroneous; and in general, different authorities 
will be found much at variance in regard to these analyses. According to 
Ilicronymi, as quoted by Berzelius, the urine of the Lion, Tiger, and 
Leopard, is transparent, and of a nauseous odour and bitter taste; its 
specific gravity varies in the same individual, from 1.069 to 1.076. As 
soon as voided, it becomes alkaline from the formation of carbonate of 
ammonia, which may be expelled by heat, and it again becomes sour. 
During evaporation it deposits white flakes, and when thus concentrated, 
the greater part of the urea crystallizes. The urine of these animals 
yielded 
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Urea, extractiv|i^ and free acetic (lactic?) acid . 13.220 

Uric acid . . . . . . . . , 0.022 

Mucus . . ... . ' . . . . 0.510 

Sulphate of potassa 0. 122 

Muriate of ammonia, and chloride of sodium . 0.116 

Phosphate of lime and ma^esia, with a trace of car-1 ^ 

bonateofUme . . 7 / . . . ./ • 

Fhospliate of potassa and of soda 0.802 

Phosphate of ammonia . . . . . . 0.102 

Acetate (lactate) of potassa 0.330 

Water 84.600 


100.000 

The urine of the hyoena and panther contained the same ingredients, 
the specific gravity of tlie former being 1.061 and of the latter, 1.045. 

The urine of the rhinoceros is muddy, yellow, and, w^hen exposed to air, 
acquires a crystalline film of carbonate of lime ; it effervesces and becomes 
clear on the addition of an acid. Left to itself, it deposits a yellow 
powder, composed of carbonate of lime and magnesia, traces of oxide of 
iron, of silica, and of an azotised animal matter; the clear portion, when 
evaporated, yields a similar precipitate, and on the addition of muriacie 
acid, deposits urohenzoic acid. (Vogel.) 

Elephants urine is turbid from carbonate of lime and magnesia, it 
contains no benzoate^ but much urea.' (Vogel.) 

The urine of the horse^ contains urea 0.7) urobenzoate of soda* 2.4, 
carbonate of soda 0.9 chloride of potassium 0.9, carbonate of lime, 0.2 to 
1.1. Water 94.0. CheMreul found sulphate of lime. 

The urine of the camel yielded carbonate of ammonia and volatile oil 
by distillation; sulphuric, nitric, and muriatic acid, reddened it: on 
evaporation it deposited carbonate of lime and of magnesia, with animal 
matter and a trace of silica. Evaporated to the consistency of syrup, and 
mixed >vith nitric acid, it deposited abundance of nitrate of urea. It also 
contained chloride of sodium, urobenzoate of soda, carbonate of soda, 
sulphate of potassa in laige proportion, some sulphate of soda and 
carbonate of ammonia, and a trace of oxide of iron. No phosphoric salts 
or uric acid. (Chevreul.) 

The urine of the cow contains a large relative proportion of urea and 
of urobenzoic acid, and exposed to air, deposits small crystals of carbonate 
of lime and carbonate of magnesia. 


* Wlien the urine of horses and cows 
is mixed with muriatic acid, the uro- 
benzoic acid is thrown down. It. has 
been examined by Liebig, (Ann, de Chim. 
ei Phys., xliii. 188,) who terms it 5ip- 
purio acid, (from, a horse, and •vfo, 
urine,) It may be purified by boiling 
with milk of lime, to which a little 
chloride of lime is added, till it loses its 
urinous odour; it is then digested with 
animal charcoal, and on mixing the hot 
filtered solution with excess of muriatic 
acid, hippiiric acid separates as it cools 
in white prismatic crystals. Hippuric 
acid much analogy to Benzoic acid, 
and was generally supposed to be that 


acid modified by urea or by some other 
animal matter; Liebig however hmi 
shown, that it contains nitrogen, and 
that its salts are distinct from the Ben- 
zoates. It appears to consist of 


Carbon 

20 

120 

. 62.8 

Hydrogen . 

9 

9 

. 4.7 

Oxygen 

6 

48 

. 25.1 

Nitrogen . 

1 

14 

. 7.4 

Hippuric acid 


191 

100.0 


This add, when perfumed by subli- 
mation witha little benzoin, is said to be 
substituted,^ as an article of oommeroe, 
for genuine benzoic add. 
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Urinary calculi are not unfrequent in some of^e above and other 
animals. They vary considerably in composition. Carbonate of lime, 
carbonate of magnesia, phosphate of lime, and ammonio-magnesian 
phosphate, are common ingredients; they also often contain a consider- 
able proportion of a peculiar animal ^matter, of a resinous or fatty 
character. Oxalate of lime has been detected in the calculus of the rat ; 
and in a calculus from a dog, Lassaigne found a substance which he terms 
cysiin^ or cystic oxide : (p. 1177 .) 

§ YI. Soft Solids of Animals. Skin. Gelatin. Muscle,' &c. 

* .... 

The skin of animals consists of an exterior covering, the epidermis^ or 
cuticle^ under which is a thin stratum of a peculiar substance, called by 
anatomists reie mucosufn^ which lies immediately upon the cutisy coriutUy 
dermisy or true skin. 

The epidermis varies in thickness on different parts of the body ; it is 
little prone to decomposition, insoluble in water, in alcoliol, and in dilute 
acids. Concentrated nitric and sulphuric acid soften and ultimately 
dissolve it. The caustic fixed alkalis dissolve it, even when considerably 
diluted, but not the carbonated alkalis. It is stained by several substances, 
so for indelibly, that the colour remains till the cuticle peels oft‘. It does 
not combine with tannin. Corns, and similar indurations, resemble the 
epidermis in their general chemical characters ; and horn, hoof,, nails, 
claw's, tortoise-shell, hair, wool, feathers, %|id scales, may be regarded 
as modifications of it. All these substance^artake more or less of the 
character of coagulated and dry albumen, and Mr. Hatchett’s researches 
have showm, that the analogies between them are in many cases only 
broken by the presence of foreign substances. 

The general colour of the surface of the body resides in the rele 
mucosumy the tint of w'hich is much dependent upon the influence of 
lighi: the black skin of the African, the brow'n of the Asiatic and 
American, and Jhe piiikish-white of the European, derive their colour 
from this peculiar secretion deposited between the cutis and cuticle; 
the nature of this substance has not been chemically investigated, but it 
has been ascertained in regard to the black of the negro, that it admits 
of being bleached by chlorine. 

The cutisy or true skin, is of a fibrous texture, an^^when boiled in 
water is to a great extent soluble, leaving the vascular and nervous fila- 
ments which pervade it; the solution, wben slow'ly evaporated, leaves a 
peculiar animal principle termed gelatin. 

Gelatin is colourless, semi-transparent, and nearly tasteless. It 
is softened by long-continued immersion in cold water: in hot water 
it readily dissolves, and forms a solution of a slightly-opalescent ap- 
pearance, which, if sufficiently concentrated, concretes on cooling into 
the tremulous mass usually called jelly y and which is easily soluble 
in water; when dried in a gentle heat, it acquires its original ap- 
pearance, and is as soluble as before. According to Dr. Bostock, one 
part of isinglass dissolved in 100 of water, gelatinizes on cooling; but in 
150 of water it does npt concrete. (Nicholsons Jour.y xi. and xiv.) 
When dri/, gelatine undergoes no change, but its solution soon bcconics 
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mouldy and putrescent. Submitted to the action of heat, it affords the 
usual products of animal substances. 

GelUtin is readily soluble in diluted acids and alkaline solutions, 
(Hatchett, Phil. Trans* 1800.) Its aqueous solution is not affected by 
solution of corrosive sublimate, find few of the metallic salts occasion any 
precipitate in it. Chlorine passed through it occasions a white clastic 
matter to separate, which is not soluble in water, and which in some 
properties resembles albumen. Gelatin is insoluble in alcohol and ether, 
but alcohol docs not form a precipitate in its aqueous solution. Solution 
of tannin occasions a wliite precipitate in solution of geliitin; and hence, 
vegetable astringents, such as infusion of galls or of oak-bark, are 
generally employed as tests for its presence. One part of dry gelatin, 
such for instance as isinglass, may be detected in 6000 of water by a 
strong infiision of galls: this precipitate when dried at 212°, consists of 
about 60 gelatin + 40 tannin. But as tannin precipitates albumen, it 
cannot be relied on as an unequivocal test, unless we previously ascertain 
the non-existence of albumen by corrosive sublimate. (Bostock, Nichol- 
son's Jaurnal^ xiv. and xxi.) Mr. E. Davy recommends sulphate of 
platinum as a very delicate test of gelatin, ^^dth which it forms a brown 
insoluble compound, in solutions too weak to be affected by vegctiible 
astringents. {Phil. Trans., 1820, p. 119.) This is certainly a very 
delicate test, and is not affected by albumen. 

The action of sulphuric acid upon gelatin has been investigated by 
Braconnot. Twelve parjs of. powdered glue, and 24 of sulphuric acid, 
were left together for 24 hours ; about 60 parts of water were then 
added, and the whole boiled for 6 hours, adding water at intervals ; the 
solution was then saturated with chalk, filtered, and suffered to evapo- 
rate spontaneously. In a month, crystals were deposited, which, being 
purified by solution and a second crystallization, much resembled sugar 
of milk, though they differed from that substance in affording a peculiar 
acid, called by M. Braconnot Nitro-saccharine acid, when acted upon by 
nitric acid. {Ann. de Chim. et Phys., xiii.) # ' 

The dilute acids are excellent solvents of gelatin, especially the 
acetic ; these solutions do not gelatinize, but the gelatin is not decom- 
posed, and re-appears with its former properties on evaporating the acid, 
or abstracting it by an alkali or other base. The caustic alkal:^ not 
materially affect gelatin, but they sometimes render its solutions i^bid 
by decomposing phosphate of lime, w^hich is often contained hot it, 
and which is soluble, to a considerable extent, in solution of gelatin. 
The equivalent of gelatin has not been accurately determined^j^ consb- 
quence of the indefinite character of its combinations, but calculated in 
reference to the single atom of nitrogen, its composition may be repre- 
sented as follows : 


Gay Ltissuc aii4 Theuard 


Carbon . . 

. . 7 

42 

48.28 

47.881 

, Hydrogen 

. . 7 

. • 7 • • 

8.04 

7-914 

Oxygen • 

t • & 

. , 24 

27.50 

37.207 

Nitrogen . 

. . 1 

14 

16.09 

16.998 

Gelatin . . 

. . 1 

. . 87 • • 

100.0 

100.000' 



1182 


GLUE. SIZE. ISIKGLASS. 


The different kinds of gelatin differ considerably in viscidity. Mr. 
Hatchett has remarked that the gelatin obtained from skins possesses a 
degree of viscidity inversely'as their softness or flexibility ; the most ad- 
hesive kinds of gelatin, too, are less easily soluble in water than those 
which are less tenacious. The principal^ varieties of gelatin in common 
use are, 

a, G/mc, which is prepared from the clippings of hides, hoofs, &c., 
obtained at the tan-yard ; these are first washed in lime-water, and after- 
wards boiled and skimmed ; the whole is then strained tlirough baskets, 
and gently evaporated to a due consistency ; afterwards it is cooled in 
wooden moulds, cut into slices, and dried upon coarse net-work. Good 
glue is of a semi-transparent and deep-brown colour, and free from clouds 
and spots. When used it should be broken into pieces, and steeped for 
about 24 hours in cold water, by which it softens and swells ; the soaked 
pieces may then be melted over a gentle fire, or in a water-bath, and in 
that state applied to the wood by a stiff brush. Glue will not harden in 
a freezing-temperature, the adhesion depending on the evaporation of its 
superfluous water. 

Size is less adhesive than glue, and is obtained from parchment- 
shavings, fish-skin, and several animal membranes. It is employed by 
bookbinders, paper-hangers, and painters in distemper, and is sometimes 
mixed with flour, gum, &c. 

c. Isinglass is prepared from certain parts of the entrails of several 
fish ; the best is derived from the sturgeon, t^nd is almost exclusively 
prepared in Russia. It should be free from taste and smell, and entirely 
soluble in warm water, which is seldom the case, m consequence of the 
presence of some albuminous parts. When the jelly of isinglass is con- 
centrated by evaporation and carefully dried, it forms a very choice kind 
of glue. Aiki^s Dictionary^ Art. Gelatine. 

Berzelius, and some other chemists, regard gelatin as a product^ and 
as in no case pre-existing in the textures whence it is obtained ; they 
consider it ^formed by the action of heat on cellular membrane^ and 
hence all parts of the body in which cellular membrane exists, may yield 
gelatin by the continuous action of boiling water ; the skin, being con- 
densed cellular membrane, is particularly susceptible of this change ; 
when gelatin is obtained by the action of acids, and without the inter- 
vention of heat, it is supposed that they also give ri^ to its formation. 
It is certain that, by long boiling, some animal substances are apparently 
converted into gelatin, in which its pre-existence cannot be demonstrated, 
and it sometimes seems to be more abundantly formed in this way at 
temperatures somewhat above the boiling-point 'of water, than at 212^. 
It is, perhaps, in &vour of this opinion, that, gelatin is never found 
(except, perhaps, in the urine) in the natural fluids or secretions of the 
body ; it was once supposed to exist in the blood, but this has been dis- 
proved. Berzelius compares this production of gelatin, to that of sugar 
from gum and starch. L. Gmelin found that a solution of gelatin, seeded 
hermetically in a gloss tube, add exposed, for some weeks, to a boiling 

temperature, acquired a brown colour, lost its power of gelatinizing, and 

left a viscid residue on evaporation. 

liEATHER is a compound of gelatin and tannin, formed by steeping 



LKATHER. 


1183 

the skins of animals in the infusions of certain barks, or other vegetable 
astringents. The skins are previously prepared by soaking in lime- 
water, which renders the cuticle and hair easily separable, and are after- 
wards softened by allowing them to enter into a degree of putrefaction, 
or occasionally by the action of acids. In this state they are submitted 
to the action of in^sion of oak-bark, or other astringent vegetable 
matter, the strength of which is gradually increased until a complete 
combination has taken place, which is known by the leather being of an 
uniform brown colour throughout; whereas, in imperfectly tanned 
leather, a white streak is perceptible in the centre. A portion of extrac-* 
tive matter, and occasionally other substances, enter into the composition 
of leather. Davy found the increase of weight in the skin to vary with 
the tanning material ; thus 100 parts of calf-skin tanned in concentrated 
infusion of galls, increased in weight C4 parts ; in a concentrated incision 
of oak-bark 34 parts ; in a weak infusion 17 parts ; in concentrated in- 
fusion of willow-bark 34 parts, and in a weak infusion 15 parts; and 
lastly, in a solution of catechu, 19 parts. 

Tawed leather is made by impregnating the skin, duly prepared, with 
a solution of alum and common salt ; it is afterwards trodden in a mix- 
ture of yolk of eggs and water. The alum and salt re-act on each other 
so as to produce sulphate of soda and chloride of aluminum ; the* latter 
salt combines with the skin. White glove-leather is thus prepared. 

WashAeaiher is another important manufacture ; in this the skin, 
after having been prepared and softened, is imbued with oii^ and after- 
wards subjected to a w^eak alkaline solution. 

Curried leather is by besmearing the skin, or leather, while yet 
moist, ivith common oil, which, the humidity evaporates, penetrates 
into the pores of the skin, giving it a peculiar suppleness, and making it, 
to a considerable extent, water-proof. As familiar examples of these 
processes, the thick sole-leather for shoes and boots is tanned; the upper- 
leather is tanned and curried ; the white leather for gloves is tawed ; and 
fine Turkey-leather is tawed^ and afterwards slightly tanned. Aikin s 
Dictionary^ Art. Leather. 

Muscle. The muscles, or flesh of animals, is a complex texture, in 
which the muscular fibre is conjoined with cellular membrane, nerves 
and vessels, fat, and various fluids. On digesting muscular flesh in re- 
peated portions of cold water, albumen, saline substances, and colouring and 
extractive matters are taken up ; on heating the solution, the albumen is 
coagulated, and on evaporating the remainder in a water-bath, a coloured 
extract remains, from which alcohol abstracts osmazome * and small 
quantities of saline matter (lactates ?) and leaves a portion of extractive 
and salts insoluble in alcohol. When the part of the muscular fibre 
which is no longer acted on by cold water, is digested in hot water, its 
cellular substance is removed in the form of gelatiny and fatty matter 
separates. The insoluble residue is now little else ihan^Artit, and when 
dried, presents the characters of that substance as it is above described 


* Osmazome, (from odour, and 
broth,) is that product upon 
which the peculiar odour of broth or 
soup, and of dressed meat depends ; it is 


of a yellowish-brown colour, soluble at 
all temperatures in water and in alcohol^ 
and yields a precipitate with infusion of 
galls, but does not gelatinize. 
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amongst the ingredients of the blood. When any of the lean, muscular 
parts of animals are carefully dried, they lose greatly in weight by the 
eyaporation of water ; the residue, composed chiefly of albumen, fibrin, 
and cellular substance or gelatin, may be regarded as the real nutritive 
matters as articles of food, and it is curious that their relative proportions 
are not very dissimilar in quadrupeds, birds, and fishes, as shown in the 
following table. The water was determined by evaporation in vacuo, or 
at a temperature below 212®. 


100 ptirts of 
Muscle of 

Water 

Albumen or 
filmne. 

Cieliititt. 

Total of 

Nutritive Matter. 

Beef . . 

. 74 

20 

6 

26 

Veal . . 

. 75 

19 

6 

25 

Mutton 

. 71 

22 

7 

29, 

Pork . . 

. 76 

19 

5 

24 

Cliicken 

. 73 

20 

7 

27 

Cod . . . 

. 79 

14 

7 

21 

Haddock . 

. 82 

13 

5 

18 

Solo . . . 

. 79 

15 

6 

21 


It is commonly supposed that the flesh of young animals is much 
more abundant in gelatin than that of old ones, but the fact appears to 
be, that it is merely more soluble and more easily extracted by boiling, 
and in all cases where it is wished to remove from muscle th^ wh^ .of 
the jelly, simmering at a temperature from 100® to 120® should be pi^ii 
ferred to boiling, because by a temperature of 212% the albumsuls so 
firmly coa||||latcd as to envelop the gelatin, and protect it from tibe 
solvent power of the water. 

The action of sulphuric acid on muscle has J|aen described by Bra- 
connot : 30 parts of beef-fibre, acted on by a^much sulphuric acid, 
yielded a portion of fat, and on diluting the acid mixture, and saturating 
with chalk, filtering, and evaporating, a substance, tasting like osmazome, 
was obtained, which was often boiled in different portions of alcohol : the 
alcoholic solutions, on cooling, deposited a peculiar white pulverulent 
matter, which Braconnot calls leucine^ and which, acted upon by nitric 
acid, affords a crystallizable nitroleucic acid. {Ann. de Chim. et Phys.^ 
xiii., 1 18. (See Blood.) 

HAinj as dready stated, consists chiefly of a substance having the pro- 
perties of coagulated albumen, and analogous in that respect to the 
cuticle ; but l^r also yields more or less gelatin when boiled with water, 
and the soft silky hair, which easily loses its curl, and is very susceptible 
of changes in the humidity of the atmosphere, yields gelatin more readily 
than that which is harsh, strong, and clastic. (Hatchett, Phil Trans,^ 
1800.) Yauquelin also discovered in hair two kinds of oil ; the one 
white, and existing in all hair ; the other coloured^ yellow from red hair, 
and dark-coloured when obtained from dark hair. Black hair also con- 
tainB iron and sulphur. He supposes that where hair has become sud- 
denly gray, the effect is produced by the evolution of acid matter, which 
has destroyed the colour of the oil. 

Membranes, ligaments, tendons, and some other similar textures 
differ from horn and from indurated cuticle^ and also in some respects 
from cartilage^ properly so called, by yielding gelatin when boiled. 
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§ VIT. ANIMAL FAT. 

In its general characters and composition, the fat and oil of animals re- 
sembles that of vegetables ; it is of various degrees of consistency, and 
contains stearin, maigarin, and elain, in varjnng proportions ; the action of 
alkalis upon these substances, and the properties of the acids and com- 
pounds thence resulting, are also in all respects similar to those of the 
vegetable oils, under the history of which much respecting the animal 
oils has been necessarily anticipated (p.951.) The different degrees 
of consistency of these fats are seen in iallorv^ lard^ and oil ; pure, 

they have, for the most part, little taste or smell ; but by keepliij^, they 
become rancid and somewhat sour. The products of their combustion 
and destructive distillation also agree with those of vegetable oils, pro- 
vided they are free from cellular^ or as it is here called adipose membrane^ 
from which they may be separated by cutting them, if. accessary, into 
small pieces, and boiling them in water ; the fat separates and floats upon 
the surface, where it concretes on cooling ; the foreign matters sink, or 
are dissolved in the water. For our knowledge of the principal characters 
of these substances, we are indebted, as already stated, to the laborious 
accuracy of Chc\Teul. I shall only here advert to such properties of 
these fats and oils as have not been above detailed, or to such of them as 
present distinctive peculiarities. 

Human Fat is soft, yellowish, inodorous, and varies a little in different 
parts of the body ; that f|jpm the region of the kidneys, w'heil^used, be- 
gins to concrete at and is solid at 64°. It is soluble in 40 parts of 
boiling alcohol of 0.8^, and on cooling, the solution deposits stearin^ 
which after having been pressed between folds of blotting-paper at 78°, 
is colourless, fusible at 122°, and may be cooled to 106° before it begins 
to congeal ; its temperature then rises to 120° from the evolution of latent 
heat. 100 parts of boiling anhydrous alcohol dissolve 21.5 of this 
stearin, of which the greater part separates, on cooling, in acicular crystals. 
The elahi of human fat is a colourless, inodorous oil, which retains its 
fluidity at 40°; its specific gravity is 0.913 at 60°; it has a sweetish 
taste. 100 parts of boiling alcohol dissolve 123 of this elain, and the 
solution becomes turbid when it has cooled to 1 70°. 

IIoGs*-LARD is soft, whitc, and fusible between 78° and 86°. Its 
specific gravity at 60° is = 0.938, and at 1 20° = 0.891 . When sub- 
jected to powerful and continued pressure at 42°, between folds of 
bibulous j)aper, it yields, according to Braconnot, 0.62 of its weight of 
a colourless elain the specific gravity of which, according to Chevreul, 
is 0.915. 100 parts of boiling alcohol dissolve 123 of this elain, and the 

solution begins to grow turbid at 144°. The residuary stearin (0.38) is 
inodorous, dry, and granular; when fused, it remains liquid till its 
temperature sinks to 100° ; on congealing, it rises to 109°. When hogs’- 
lard has become yellow and rancid by exposure to air, it reddens litmus, 
and contains a volatile acid resembling capoic acid (p. 1154.) 

Ox Pat, after fusion, begins to congeal at 98°, and the temperature 
then rises to 102°. It is soluble in 40 parts of boiling alcohol of 0.821, 
and contains about three-fourths its weight of stearin^ which is hard, 
white, and of a granular, crystalline texture ; it does not fuse below 1 12°, 

A /n 
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and then may be cooled to 102^, when on congealing it rises to 112^. It 
is translucent, and not greasy, and bums like white wax. 100 parts of 
anhydrous alcohol dissolve 15.48 of this stearin; when saponified, it 
yields 0.951 of adipose acids. The elain of this fat is colourless, and 
nearly inodorous: its specific gravity 0.913. 100 parts of boiling 

anhydrous alcohol dissolve 123.4, and it yields by saponification 0.966 of 
fat-acids. 

After the hair and hoofs have been removed from the feet of oxen, 
they yield, when boiled with water, a peculiar fatty matter, called neats - 
foot^il: /it is not subject to rancidity, and remains fluid at 32°. After 
part of its stearin has been abstracted, it is used for various purposes, 
and among them, for oiling steeple-clocks, which require, in consequence 
of the cold to which they are exposed, an oil not liable to solidify. 

Mutton Fat, in external characters, resembles that of oxen, but it is 
whiter, and acquires a peculiar odour by exposure to air. When melted, 
it sometimes begins to congeal at 98% and the temperature then rises to 
102°, or it congeals at 104°, and then its temperature only rises to 105° 
or 106°. It is soluble in 44 parts of boiling alcohol of 0.821. Its 
stearine is white and translucent, and very imperfectly crystalline after 
fusion. 100 parts of boiling anhydrous alcohol dissolve 16.09 parts. 
Its elain is colourless ; specific gravity = 0.913. 100 parts of anhydrous 

alcohol, at 168°, dissolve 80 parts*. 

These two fats are highly important from their application to the 
manufacture of soap and of candles : and of late the stearine lias been 
employed for the latter purpose, w’hich, fuscu with from one-fourth to 
one-eighth part of wax, yields a compound very little inferior to wax, of 
which the best and genuine composition candlcs\Te made. Under this 
term a variety of very inferior articles are sold at comparatively low 
prices, which have tended to bring this important manufacture into some 
degree of discredit; and the art of preparing stearin by clieap, and at 
the same time effective processes, is not Jis yet very perfect ; but this 
application of it is daily improving, and promises to place tlie art of 
making candles not low upon the list of those which have been enlightened 
and improved by the labours of the chemist. 

Goats* Fat is characterized by its peculiar capreous odour, arising from 
its containing a peculiar fat, which Chevreul has termed hircin^ and 
wliich, oh the separation of its tallow into stearin and elain, accompanies 
the latter, and cannot be perfectly separated from it. During the saponi- 
fication of its elain, a liquid fat-acid of a strong goaty odour is formed : 
it may be obtained by saponifying 4 parts of goat*-fat with I of hydrate 
of potassa and 4 of water, diluting the soap with more wnter, and decom- 
posing it by phosphoric or tartaric acid, washing the evolved fat-acids, 
and distilling the sour water and washings ; if a drop of the distilled pro- 

• When mutton or beef suet is dis- crystallization 5 it forms colourless, fusi- 
tilled, and the product washed with hot bie, and volatile acicular crystals ; more 
water, it dissolves a peculiar acid, which soluble in hot than in cold water, and 
is Thenard’s sebdcic or sebic acid. The very soluble in alcohol. The sebates of 
solution is precipitated by acetate of lead, ammmia, potassa, and soda, are soluble ; 
and the resulting sebate qf lead decom- those of lead, mercury, and sxleer, ore 
posed by its^ equiv^ent of sulphuric insoluble. 

acid ; the sebic acid is then purified by 
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duct, evaporated upon a platinum-leaf, leaves any residue, it must be 
redistilled; the product is then to be saturated by hydrated baryta, 
evaporated to dryness, and decomposed by distillation with equal parts 
of sulphuric acid and water : the hircic acid then passes over in the form 
of a colourless volatile oil. 

Hircic acid has a capreous and acetic odour^ reddens litmus, and 
dissolves difficultly in Wtiter, and easily in alcohol. It forms distinct 
salts with the bases : hircate q/* amtnonia is peculiarly odorous ; hircate 
of poiassa is deliquescent ; hircate of baryta is difficultly soluble. 

Train Oil. Whale Oil. Common whale oil has a specific gravity 
= 0.927 at 68° ; at 32° it deposits stearin , and the remaining oil is then 
soluble in 0.82 of its weight of absolute alcohol at 168°. It is easily sa- 
ponified, yielding a broA\Ti soluble soap, which, decomposed by tartaric acid, 
affords fat-acids, and glycerin, together with traces of phocenic acid. The 
stearin of train-oil congeals, after fusion, at between 70° and 80°. It dis- 
solves in 1.8 parts of boiling anhydrous alcohol, from which it crystal- 
lizes on cooling, leaving a brown mother-liquor. 

Spermaceti Oil. Tlie oil of the spermaceti-whale is more pure, 
and burns more perfectly and more brilliantly in lamps than comiiiou 
whale-oil; it deposits, as it cools after the death of the animal, a 
crystalline fatty substance, called spennaceti^ which is purified by 
pressure, and boiling in weak solution of potassa ; it is then washed, 
fused in boiling water, and cast into blocks or cakes, which exhibit a 
be.autiful lamollarly-crystilline texture, especially when tlie interior 
liquid part is suffered to run out of the exterior concrete case. It has a 
greasy feel. Its specific gravity is about 0.94; it fuses at 112°. 100 

I)arts of boiling alcohol of 0.821 dissolve 3.5 parts, of >vhich 0.9 fall on 
cooling. Its solution in hot ctlicr congeals on cooling. It dissolves 
in the hot oils. When common spermaceti is triturated with alcohol, 
a little oily matter is abstracted ; luid w hen the w hole is removed, the 
residuary pure spermaceti has been ternied by Chevreul cctin. 

Cktin fuses at 120°. 100 parts of boiling absolute alcohol dissolve 

15.8 of cctin, but alcohol, of .831, only 3 parts ; the greater part sepa- 
rates on cooling in pearly scales. Acids act upon it as on other fats. It 
is difficultly saponifiable by the hydmted alkalis. Digested for several 
days bctw'cen 120° and 190°, with a solution of caustic potassa in twice 
its weight of water, it is at length converted into a peculiar soap, con- 
taining margaratc sind oleate of potassa, together with an unsaponified 
fat, which Chevreul terms cfhaL On decomposing this soap by an acid, 
ethal, and oleic and margaric acids separate, amounting together to 101.6 
parts from 100 of cctin ; of this 60.96 parts consist of fat-acids, and 40.64 
of ethal : no glycerine is produced, but 0.9 of a yellowish extractive matter ; 
nor is any volatile acid formed. 

Chevreul, Saussure, and Berard have analyzed cetin and ordinary 
spermaceti, and Dr. Ure spermaceti oil, with the following results : — 


Cetin, Spermaceti. Spermaceti. Spermaceti Oil. 

Chevreul. Rorard. I>e Siiussiii^. Vm. 


Carbon . . 81.6G0 

Hydrogen . 12.862 

Oxygen . . 0.470 


79.5 

. . 

70.474 

, . 

78.00 

11.6 

. . 

12.796 

. . 

11.80 

8.9 

. . 

11.877 

. . 

10.20 


4 a 2 
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ETHAL. POHPOISE OIL. PHOCENIO ACID. 


Ethal is obtained by saturating the fat-acids resulting from the 
decomposition of spermaceti-soap with hydrated baryta, washing away all 
excess of baryta, drying the residue, and digesting it in cold alcohol or 
ether, which dissolves the ethal and leaves barytic-soap. The ethal 
remains, on distilling off the alcohol, in the form of a solid transparent 
ciystalline fat, tasteless and inodorous, and concreting, when fused alone, 
at 118°; but if fused with water, at 124°. It is volatile when distilled 
either alone or with water, and in this way it may be purified ; it bums 
like wax. It dissolves in all proportions in alcohol of 0.812 at 128°, and 
separates, on cooling, in lamellar crystals. It is decomposed when heated 
with sulphuric and nitric acid. It does not combine with caustic potassa, 
when pure, but when mixed with soap, it forms a milky fluid, which 
leaves, upon a filter, a mixture of ethal, with margarate and oleate of 
potassa, exactly resembling hydrated alumina. According to Chevreul's 
analysis, ethal consists of 


Carbon . 
Hydrogen 
Oxygen . 

. 16 
. 17 
. 1 

.. 96 

.. 17 
. . 8 

. . 79.4 

. . 14.0 
. . 6.6 

Cherreul. 

.. 79.7660) 
.. I 3 ..O 452 J 
. . 6.28881 

jEtherine 
“*1 Water . 

Ethal . . 

. 1 

121 

100.0 

100.0000 

Ethal . . 


112 

9 

121 


Porpoise Oil. The oil of the Delphinnx phoccerta^ and Delpkinm 
globiceps^ has been examined by Clievreul. AVhen saponified it yields a 
peculiar fat-acid, which has been termed phocenic^ or delphmic acid. 
This acid is best obtained from that portion of pt>rpoise-()il, which remains 
dissolved in cold alcohol of 0,825. It is saponified, and a phocenate of 
baryta formed, 100 parts of which are decomposed by 205 of phosphoric 
acid, of 1.12 sp. gr., or by 23.4 parts of suljdiuric acid, diluted with 
twdee its weight of water, when nearly the whole of the phocenic acid 
separates. This acid exists in spermaceti, and in the berries of the 
Viburnum opulus, 

Phocenic Acid resembles a volatile oil, retaining its fluidity at 15°; 
although its boiling-point is above 212°, it volatilizes in the air; it has 
a rank and acetic odour and acrid taste. Its specific gi'avity is .032 ; 
water at 88° only dissolves an eighteenth part of its weight ; alcohol of 
0.795 takes it up in all proportions. Anhydrous phocenic acid consists, 
according to Chevreul's analysis, of 


Carbon 20 . , 120 . . C5.6 

Hydrogen 15 . . 15 . . 8.1 

Oxygen 6 . . 48 . . 26.3 


Anhydrous phocenic acid . I 183 100.0 

^ It appears, however, that in the neutral phocenates^ the oxygen in the 
^d is to that in the base as 3 to 1, so that the above equivalent is doubled 
in reference to that of the bases. When the phocenates are heated, they 
exhale an aromatic odour, and yield, on distillation, an oily liquid, inso- 
luble in potassa. The phocenates of potassa^ soda, and sirontia are 
deliquescent ; phocenate of baryta yields efflorescent crystals, soluble in 
twice their weight of water. Phocenate of lead is soluble, but during 
the evaporation of its solution passes into a difficultly-soluble subsalt. 

Pkocenine is the term applied by Chevreul to that part of the oil 
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which jdelds phocenic acid, and which is separated, by boiling alcohol, 
from the common fats. 

Fat of Birds. Goose-fat is colourless, and of a peculiar taste and 
odour ; when fused, it congeals at 80 ^ to a buttery consistence ; subjected 
to pressure at 30^, it yields 0.68 elain^ and 0.32 stearin^ fusible at 112^. 
Ducks fat fuses at 76^9 £ind yields 72 elain and 28 stearin^ fusible at 
120°. Turkeys fat yields 74 elain and 26 stearin^ fusible at 112° 

Fat op Insects. Many insects contain more or less fat, but its pecu- 
liarities have been but little examined. The fatty-matter of cochineal 
(^Coccus cacti) has been examined by Pelletier and Caventou. {Ann, de 
Chim, et Phys.^ viii., 271 •) It is obtained by digesting cochineal in ether, 
evaporating, and dissolving the residue in hot anhydrous alcohol, which 
on cooling deposits the fat; this solution must be. repeated till it is 
colourless. The fat of the Coccus polonicus^ crystallizes like spermaceti. 
Caniharides also contain a fatty-matter, and an acrid principle, dr 
canlharadin. If the watery extract of these insects be digested in 
alcohol, a tincture is obtained, which by slow evaporation yields a resinous 
residue; if this be digested in ether, it forms a yellow solution; by spon- 
taneous evaporation it deposits crystalline plates, which may be freed 
from some adhering colour by alcohol ; they resemble spermaceti in 
appearance, and arc soluble in boiling alcohol, but precipitate as it cools. 
They are insoluble in water. Besides this peculiar principle, canthnridcs 
contain a green inert oil, soluble in alcohol ; a black matter, insoluble in 
alcoliol, but soluble in Boater ; a yellow substance, soluble in both ; a 
considerable portion of uric acid ; a little acetic acid, and phosphates of 
lime and magnesia. 

Eggs*. The yolk of the hen’s egg contains about 30 per cent, of oil. 
When the yolk is digested in alcohol a yellow solution is obtained, which 
deposits a crystalline fit, and leaves, on evaporation, a yellow viscid oil, 
which easily becomes rancid. The insoluble residue is white and pulve- 
rulent, and consists chiefly of albumen, but contains a considerable portion 
of phosphorus in some peculiar state of combination. 

* The cliaiiges which the egg under- I for that purpose is not obvious ; Dr. 
goes during incubation, have beoii inves- j Prout could not detect it in the soft parts 
tigated by Dr. Front. {Phil, Trans. 1822.) of the egg, and there is no apparent vas- 
New-laid eggs are somewhat liea^ier cular connexion between the chick and 
tlian water, but gradually become lighter the shell. 

by the evaporation of watt>r and substi- The eggs or roe of fish contain also a 
tiition of air, through the shell. When considerable proportion of oil. The 
an ordinary-sized egg is boiled in water roe of the sturgeon, which, when salted, 
it loses about three-tenths of a grain, is known under the name of cavmr, 
consisting of the sulphates, phosphates, contains 6.2 albumen; 4.3 fat; 24.3 co- 
aiid carbonates of lime and magnesia, agulated albumen and membmno; 6.7 
animal matter, and free alkali. Of an common salt ; 0.5 phosphate of lime and 
egg wliich weighs 1000 grains, 106.9 parts oxide of iron ; 0.58 water. (John.) Tlie 
constitute the shell, 604.2 the white, and melt, or soft roe of the male iiish, re- 
288.9 the yolk. The shell contains about sembles in composition the liver or the 
2 per cent, of animal matter, 1 of phos- brain ; it yields an emulsion with water, 
phate of lime and magnesia, and the containing fat and albumen, and, when 
residue is carbonate of lime with a trace incinerated, much phosphoric acid is 
of carbonate of magnesia. Thephospho- found in the coal. The liver of many 
nis contained in the yolk yields the fish is abundant in a peculiar kind of 
phosphoric acid requisite for the bones oil ; that of the cod-fish yields it in con- 
of the chick, but the source of the lime siderable quantity. 
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AM0KR<;RIS. INTKSTISAL COKCRETIONS. 


AMBERcnus, which is a concretion from the intestines of the sperma* 
ceti whale, also contains a considerable portion of fatty-matter, aniountiiii^, 
in some specimens, to 60 per ceni.y which, acconling to Clievrouh re- 
sembles cholcsterine. Pelletier and Caventou have given it the imnie of 
Amhrelne^ and it is stated to be convertible by nitric acid, into a peculiar 
body, which they have called ambreic avid. It is only found in the 
unhealthy animal. (Home's Lectures on Comparative Anatomy^ vol. i., p. 
470 .) Benzoic acid has been found in some specimens of ambergris; in 
others, equally genuine, there are no traces of it. 

Mttsk^ castor^ and cire/, exclusive of their peculiar and odorous prin- 
ciples, contain distinct species of fat. 

"Intestinal Concretions sometimes bear a close resemblance to gall- 
stones (p. 1162), but they often contain peculiar substances, or are 
formed upon extraneous nuclei. Dr. Tre has descrilH‘d one resembling 
ambergris. (Die., Art. Intestinal Coxcrktions.) The orii*ntal Lvzttar 
stones are also apparently of this description. Intestinal coiicn tioijs 
are not uncommonly formed upon fruit-stones, and seem («> b<* peculiarly 
frequent where the diet has consisted of oatmeal. One examined by Mr. 
Children (Phil. Trans.^ 11122) consiste«l of animal matter, chiefly gela- 
tine, 25.20; resin .3.00; aiiunonio-magnesian jdiosphate 5,10; phosphate 
of lime 45.34; vegetable fibre 20.30. 

Alvine calculi have sometimes a peculiar softness ujion the surl’aco 
resembling velvet. One of tia se Wiis found by Dr. Wfd/aston to (onsist 
of extremely minute vegetable fibres, or short , needles, pointed at both 
ends, which he immediately conjectured to arise from some kind of food. 
For some time, however, he failed in his attempts to trace this substance 
to its origin: but ilr. Clift, of the College of Surgeons, to whom the 
subject was mentioned in conversation, having put the question, whether 
this fibrous substance might not proceed from oats, Dr. Wollaston ivas 
induced to examine the structure of this seed; and the result fully 
verified Mr. Clift's conjecture. In Dr. Alexander Monro's Morbid 
Anatomy of the Gullet^ mention is made of forty-two alvine concretions 
collected by the author's father, which were examined by Dr. Thomson. 
Their structure (with one exception, similar in all) is described by Dr. 
Monro “ as more or less porous, and somewhat like to dried sponge, and 
when examined by the aid of a magnifying-glass, seems to be made up 
of a number of very small fibres intimately interwoven with each other, 
like those in a hat, or in chamois leather; and the interstices between 
the fibres are filled up with earthy matter.” And he adds, “ in the centre 
of the concretion, a prune or a cherry-stone^ or a small piece of bone, or 
a biliary calculus, is generally found.” 

Brain. The substance of the brain, nerves, and spinal-marrow, 
contains fat, together with albumen and phosphorus. When boiled in 
alcohol it furnishes a peculiar fatty matter, which the solution deposits 
as it cools, in brilliant scales. It requires a higher temperature than that 
of boiling water for its fusion, and appears, in many respects, analogous 
to cholcsterine. The same substance is often seen in the alcohol em- 
ployed to preserve anatomical preparations of the brain and nerves. 

According to Yauquelin, the cerebral substance cemsists of water 
80.00, white fatty-matter 4.53, red fatty-matter 0.70, albumen 7*00, 
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bsmazome 1.12, phosphorus 1.60, acids, salts, and sulphur 5.15. Ac- 
cording to Couerbe, the crystalline fatty-matter of the brain is partly 
cholesterine. (p. ] 162.) He considers the proportion of phosphorus in 
the brain of persons of sound intellect, to amount to from 2 to 2.5 per 
cefiL^ but he asserts that this element is in deficiency in the brain of idiots, 
and in excess in that of maniacs; amounting in the former to not more 
tlian 1 to 1.5 per cenL^ but in the latter to as much as 3, 4, and even 4.5 
per cent. If this statement be verified by extended inquiries, it appears 
to include a most important physiological fact. 

Cerumen, or the waxy secretion which lines the external tube of the 
ear, has been examined by Vauquelin, and more in detail by Berzelius. 
{Thier^Chemie : Lehrbuch^ iv.) According to Vauquelin, it contains 
0.625 of a bro^vn, buttery oil, soluble in alcohol, 0.375 of an albuminoid 
substance, and a bitter extractive matter. According to Berzelius, it is 
a compound of a soft fat, with albumen and another peculiar principle, 
a yellow bitter extract soluble in alcohol, an extract soluble in water, 
with alkaline and calcareous lactates; but it contains no chloride, and no 
soluble phosphate. 


§ VIII. SHELL AND BONE. 

We arc indebted to Mr, Hatchett for twv> excellent dissertations on the 
chemical properties of these parts of animals, published in the Pkiloso-^ 
phical Tranmdions for i799 and IBOO. He has divided xldls into two 
classes ; the texture of the first is compact, brittle, and resembling porce- 
lain; their surface is smooth, and they are often beautifully variegated. 
When exposed to a red-heat they cnickle, and lose the colour of their 
enamelled surface, emitting scarcely any smoke or smell. They dissolve 
in dilute muriatic acid with copious eftervescence, and form a transparent 
solution, in which neither pure ammonia nor acetate of lead produce any 
precipitate, but carbonate of ammonia throws down carbonate of lime. 
Hence these, 'which are called porcedaneous .shells^ may be considered as 
composed of carbonate of lime, united to a very small portion of gelatine : 
most of the univalve shells, such as >vhelks, limpets, cowries, and many 
of the beautiful convoluted shells of tropical countries, belong to this 
class. 

The second chiss, or mother-of-pearl shells^ arc tougher, glossy, and 
iridescent; they are mostly bivalves, and all the oyster and muscle species 
belong to it. When heated, they exhale smoke and the smell of burned 
horn ; immersed in muriatic acid, they only partially dissolve, and leave 
a scries of cartihiginous layers, and an outer epidermis. Each membrane 
appears to have a corresponding stratum of carbonate of lime, the solution 
indicating no trace of any phosphate. The animal part is in some cases, 
as in mother-of-pearl, tough and indurated, and, when dried, becomes 
exactly like horn; in other instances, as in the bone of the cuttle-fish,, it 
appears in the form of delicate and tender membrane. 

Ill both classes of shells, therefore, the hardening principle is carbo- 
nate of lime; in porcellaneous shells there is very little animal matter, 
which is gelatine; and in mother-of-pearl shells, it is albumen, and in 
larger quantities. 
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Pearls are exactly similar in composition to what is termed 
mother^-pearl^ in which Mr. Hatchett found carbonate of lime 66, 
albumen 24. 

Corals or Zoophytes^ according to Mr. Hatchett*s researches, may be 
divided into four classes: 1. l^e first class resembles porcellaneous 
shells; they consist entirely of carbonate of lime, with a very minute 
quantity of gelatinous matter; of this the common white coral (Mudre- 
pora virgined) is an example. 2. The second consists of carbonate of 
lime, and a cartilaginous substance, and is therefore analogous to 
mother-of-pearl shell; to this class belong the Madrepora ramea^ and 
Madrepora fascicularis, 3. The third class is composed of a cartilaginous 
matter, with carbonate and phosphate of lime; to this belongs the red 
coral. (Gorgonia nobilis.) 4. The fourth class contains sponges, com- 
posed almost entirely of animal matter. {Phil. Trans. 1800.) 

Bone and Ivory, like the preceding substances, are essentially com- 
posed of soft and hard parts. When ground bone is digested in warm 
water, a portion of fat is first separated, and by long-continued ebullition, 
a solution which gelatinizes on cooling is obtained. If fresh bone be 
immersed in diluted muriatic acid, the fat, gelatine, and bony matter are 
dissolved, and a kind of skeleton of the bone remains in the form of a 
cartilaginous substance, which, when dried, exactly resembles horn. It 
appears, therefore, that the soft parts of bone are, fat^ gelatine^ and 
albumen. 

The earthy salts, which constitute the har(j[ening principle of bone, 
are phosphate and carbonate of lime, with a minute quantity of sulphate 
of lime, and traces of phosphate of magnesia. Fourcroy and Vauqueliu 
obtained from ojc^hones^ animal matter 51.0, phosphate of lime 37-7> 
carbonate of lime 10.0, phosphate of magnesia 1.3. According to l^r- 
zelius, 100 parts of dry human-bofies contain 33.3 animal matters, 51.04 
phosphate of lime, 11.30 carbonate of lime, 2 fluate of lime, 1.16 phos- 
phate of magnesia, soda, chloride of sodium, and water 1.2. Traces of 
alumina, silica, manganese, and iron, were discovered in bones by Fourcroy 
and Vauquelin, and of sulphate of lime by Mr. Hatchett. 

The enamel of icelh is perfectly destitute of cartilage, and consists 
chiefly of phosphate of lime and a portion of gelatine. Mr. Pepys 
found its component parts, phosphate of lime 76, carbonate of lime 6, 
gelatine 16. 

The same chemist has given the following as the composition of the 
teeth (Fox, On the Teeth.) 


Phosphate of lime 

RcjoU of 
the Teeth. 

. . 58 ^ . 

Teeth of 
Adults. 

64 

First Teeth 
of Children. 

62 

Carbonate of lime . 

. . 4 

6 

. . 6 

Cartilage .... 

. . 28 

20 

20 

Water and loss . . 

. . 10 

10 

12 


100 

100 

100 


The difference between the structure and composition of the enamel 

and bone teetb, ig well illugtrated in the teeth of gome of &oee gtmi- 

nivorous animsds, in which the enamel, instead of being external, alter- 
nates in layers with the bone: the section, for instance, of the elephant's 
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tooth exhibits three distinct substances, namely, a hard and a softer bone, 
and an enamel ; when steeped in dilute muriatic acid, the latter is entirely 
dissolved; the bony portions leave variable proportions of cartilage. 

We have as yet but few accurate comparative analyses of the bones of 
different animals. In human bone carbonate of lime is much more 
abundant, according to Berzelius, than in that of the ox: the relative pro- 
portions of these salts also vary considerably in other cases, as is shown 
in the following analyses of the earthy residue of different bones, by Do 
Barros. (Berzelius's Lehrbuch.) 


Lion 



Phosphate of Lime. 
95.0 

Carbonate of Lime. 
2.5 

Sheep 

• 


80.0 

19.3 

Hen 

. 


88.9 

10.4 

Frog 

. 


95.2 

2.4 

Fish 

. 


91.9 

5.3 


The bones of fish appear, in almost all cases, to contain much less 
earthy matter than those of quadrupeds or birds. According to Chevreul, 
the bones of the head of the cod contain, animal matter and moisture 
43.94, pliosphate of lime 47.96, carbonate of lime 5.50, phosphate of 
niiigncsia 2.00, soda-salts, chiefly chloride, 0.60. The bones of the haddock 
contain, according to Dumcnil, animal matter 37.63, phosphate of lime 
55.26, carbonate of lime 6.16, traces of soda, salts, and loss, 1.22. 

The cartilaginous part of the bone is that which is first formed, as 
seen in the skeletons of ^oung animals; and in the case of a bone being 
broken, the animal portion is first secreted, and it is gradually hardened 
by the deposition of the earthy salts, so as perfectly to reunite the frac- 
tured extremities; it is stated by Lassaigne, that in the newly-formed 
bone, phosphate of lime at first predominates ; but that when the new 
])ortioii is perfected, it contains the same relative proportions of phosphate 
and carbonate, as those of the original bone. 

The bones, including their animal matter, are the most durable por- 
tion of the animal fabric, hence the proposal of storing them up as occa- 
sional sources of nutriment; for not only is the cartilaginous portion 
unimpaired in bones which have been kept dry for many years, but it 
has even been found perfect in bones of apparently antediluvian origin. 
The best mode of extracting the nutritious part of the bone for human 
food consists in grinding it fine, and subjecting it with water to a heat of 
about 212*^, in a digester; or the earthy part may be removed by muriatic 
acid. When dogs, and some other animals arc fed on bones, the nutritive 
portion is effectually abstracted by the gastric juice, and the excrement, 
in such cases, is almost entirely phosphate and carbonate of lime, forming 
the Album Grcecum of old pharmacy. 

When bones are submitted to destructive distillation, the gelatine 
and albumen which they contain is abundantly productive of ammonia ; 
water and carbonic acid are also formed, and a portion of feetid empy- 
reumatic oil. (p. 1131.) There remains in the vessel a quantity of char- 
coal mixed with the earthy substances, which is, in that state, called 

imry black. It is employed as the basis of some black paints and 

varnishes, and is applicable to many other useful purposes in the arts, as 
a variety of animal charcoal. 
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§ IX. ANIMAL FUNCTIONS. 

Chemistry has hitherto done little towards elucidating f mictions of 
animals, and it is scarcelj possible to describe the little that has been 
done, without such frequent reference to anatomical and physiological 
inquiries as would be irrelevant to the present work : I shall, therefore, 
only enumerate the principal chemical phenomena that have been expe- 
rimentally illustrated, in relation to this subject. 

Digestion is a process by which the food of animals is converted, by 
a series of successive changes, into chyle, and which, in conjunction with 
respiration, tends to the production of blood. The mechanism by which 
this important function is carried on differs considerably in the different 
classes of animals : the present remarks will relate chiefly to man, and 
to the carnivorous tribe. 

The food of all living beings is necessarily of organic origin, some 
deriving it from animal, some from vegetable sources, and some from 
both. But all organic substances arc not susceptible of digestion^ and 
this is especially the case with those belonging to the. vegetable kingdom; 
and as one of the functions of the stomach and intestines consists in 
separating the nutritive and digestible from the indigestible substances, 
those organs are generally more complicated and extended in gramini- 
vorous than in carnivorous animals. The most nutritive and digestible 
principles of vegetables, are those which includtr nitrogen as one of their 
elements, such as albumen, gluten, and perhaps a few varieties of extrac- 
tive matter; they hear some resemblance, in this respect, to animal 
products. Yet it is also to this cLass that the most virulent poisons 
belong ; so that the existence or non-existence of nitrogen is far from a 
criterion of their fitness or inaptitude for food. Starch, gum, and sugar, 
are also generally regarded as highly nutritive principles, and they are so 
in conjunction with the former, or wdUi animal food ; but these and 
other substances destitute of nitrogen, are not alone capable of indefi- 
nitely supporting the life of gramino-carnivorous tribes ; and it is 
doubtful how far graminivorous animals can continue to exist upon them. 
The experiments of Majendie, and of Tiedemann and Gmelin, upon 
these subjects, should be consulted ; they seem to show the curious fhet 
that no single substance is adapted to animal sustenance, for geese fed 
upon gum died on the sixteenth day, those fed upon stcarch on the 
twenty-fourth day, and those fed on boiled white of egg on the forty- 
sixth day: in all these cases they dwindled away, and died as if of 
starvation. 

Woody fibre is generally regarded as indigestible, and many of its 
modifications, in their ordinary states, certainly arc so, for they pass 
through the stomach and bowels unchanged ; but when minutely divided, 
or m(^fied by heat, or in the attenuated state in which lignin exists in 
certain roots and f^its, it probably is more or less digestible. Resins, 
and analogous substances insoluble in water, are also unfit for food. 
Vegetable acids, alcohol, certain aromatics, and oils, arc fhther to b^ 
considered as condiments and stimulants, and so far essential to digestion, 
than as contributing to the direct nutritive power of food. Among 
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animal substances, hair, feathers, the shells of insects^, arid a few other 
products, belong to the class of absolute indigestibles. 

The food, duly masticated in the moutli, and blended with a consi- 
derable portion of saliva, is propelled into the stomach, where it soon 
undergoes a remarkiible change, and, in the course of a few hours, is 
converted into an apparently homogeneous pulpy mass, which has been 
termed chyme^ and which has little or no resemblance to the original 
food. This very curious change is only referable to the operation of the 
gastric juice (p. 11(54) ; the remarkable property of living substances to 
resist its action is curiously illustrated by the circumstance that the 
stomach itself, after death, is occasionally eaten into holes by it ; it 
coagulates albuminous substances, and afterwards softens and dissolves 
the coagulum. 

Although animals drink copiously with their food, the consistency of 
the chyme is not apparently much affected by it, and by the time that 
it reaches the right, or pyloric extremity of the stomach, the greater part 
of the li<|uid has disappeared. Sir Everard Home has shown that the 
liquids arc removed by absorbents belonging principally to the left, or 
cardiac portion of the stomach, and that during digestion there is an 
imperfect division o? the stomach into two cavities, by the contraction of 
the bands of muscular fibres about its centre. He has also shown that 
these liquids reach the kidneys, and pass off by urine ; and was led to 
believe that the spleen was the channel of communication ; an opinion, 
however, which his sub%'quent researches tended to disprove. — {Lectures 
on Comparative Anatomy^ p. 221.) 

The chyme passes from the stomach into the small intestines, where 
it soon changes considerably in appearance ; it becomes blended with 
bile, and is separated into two portions, one of which is white as milk, 
and is termed chyle ; the other passes on to the large intestines, and is 
ultimately voided as excrementitious t. The chyle is absorbed by the 
tact cals, which terminate in the common trunk, cidlcd the thoracic duct ; 
it is there mixed with variable proportions of lymiph, and poured into 
the venous system. The ed'crements of animals have been examined by 
Berzelius (GfiiiLEys Journal^ vi. ;) by Vauqucliii {Afiff. de Chitn.y xxix.;) 
and by Thaer and Einhoff. 

Chyle hjis been examined by several chemists, and their results are 
not widely different. During some physiological researches in which I 
assisted Sir B. Brodie, I had an opportunity of collecting it in consi- 

• Odier has applied the tonn Chitiny j of bile into the intestine, no chyle was 
(from x****"*? « coat of mail,) to the hard formed ; the chyme appeared little 
shells, and elytra of insects, or to the altered ; and the lacteals, instead of their 
most insoluble parts: they would appear, usual milky fluid, contained a trans- 
Jiowever, from Mr. Hatchett’s exi>eri- parent fluid, consisting, apparently, of 
inents, to be modiflcatioiis of indurated lymph, and of the more fluid part of the 
albumen, analogous to scales, feathers, chyme. Tiedcmann and Gmelin assert, 
nail, horn, &c. that under these cimimstances chyle is 

formed; and Berzelius also Says that 

-I* The necessity of bile to the forma- chyle is formed, but that it is transparent, 
lion of chyle has been illustmted by Sir because its oil is not saponified ; but it 
B. Brodie {Quarterly Journal, O.JS., xiv., must surely be difficult in these cases to 
341). When the choledo(4i duct was distinguish between trampareni chyle 
tied so as effei^tually to prevent the flow and certain modifications of ]}inph. 
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derable quantities in scyeral carnivorous and graminivorous animals, and 
presented an account of my experiments upon it to the Royal Society, 
{Phil Trans.^ 1812.) Chyle is an opaque white fluid, having a sweetish 
saline taste ; its speciflc gravity is inferior to that of the blood. It 
exhibits slight traces of alkaline matter when tested by infusion of 
violets ; soon after removal from the thoracic duct, it gelatinizes sponta- 
neously, and afterwards gradually separates into a firm yellowish-white 
coagulum, and a transparent colourless scrum ; so that, like the blood, it 
enjoys the property of spontaneous coagulation. 

The coagulum of chyle possesses properties closely resembling those 
of the caseous portion of milk, and may hence be considered as a variety 
of albumen ; the serum of the chyle^ when heated, deposits a few flakes of 
albumen, and by evaporation to dryness aflbrds a small proportion of a 
substance analogous to sugar of milk. Small portions of phosphate of 
lime, carbonate of soda, and common salt, may also be detected in the 
chyle. In these experiments I found no essential difference in the chyle 
of graminivorous and carnivorous animals; I examined it from the 
horse, the ass, the dog, and the cat ; Dr. Marcet thinks that the former 
is less abundant in albumen than the latter. (Thomson's Annals^ vol. vii.) 
From a comparative analysis of the chyle of two dogs, by Dr. Prout, of 
which one was fed on vegetable, and the other on animal food, the com- 
ponents were found to be as follow {Ann of* Phil^ xiii. 25) : — 

Vegetable Food. Animal Fo*d. 

Water e03.6 . . 89.2 

Fibrine 0.6 . . 0.8 

Incipient albumen ? 4.6 . . 4.7 

Albumen with a little red colounng-niatter 0.4 . . 4.6 

8iigar of milk a trace . . 0.0 

Oily matter a trace . . a trace 

Saline matter 0.8 . . 0.7 

100 . 100 . 

There can be little doubt that the bile performs an important part in 
the change which the chyme suffers in the small intestines ; it has been 
conjectured that its aqueous, and perhaps its alkaline, parts, arc employed 
as components of chyle, while the albumino-rcsinous matter combines 
with the excrementitious portion, and tends to stimulate the intestinal 
canal towards promoting its propulsion. Whether the bile is absolutely 
necessary to the formation of chyle, is a question that has not been satis- 
factorily answered ; but its importance is demonstrated by the emacia- 
tion that attends its deficiency, and by the disordered state of bowels 
that accompanies its imperfect secretion. Sir Everard Home, in his 
Lecture on the Functions of the Lower Intestines^ {Lectures^ p. 468,) has 
offered some curious facts connected with this subject, to which I refer 
the physiological reader. He is of opinion that, in the large intestines, 
a portion of the food unfit for chylification is, by a process not widely 
different from that above described, converted into fat, which is after- 
wards absorbed and conveyed to different parts of the body. 

In chyle we cannot fail to observe an approximation to blood ; it is 
deficient in colouring-matter, and the albumen which it contains differs 
somewhat from that existing in the blood itself ; it appears, therefore, that 
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the albumen is perfected, and fibrin and colouring-matter formed, in the 
process of circulation. 

The difference between arterial and venous blood has been adverted 
to in a previous section ; the former is of a florid-red colour, and circu- 
lates in the arterial system ; it is contained in the left ventricle of the 
heart, and thence carried by the aorla^ and its ramifications, to every part 
of the body, tending to reproduction and secretion : it afterwards enters 
the veins which arise from the extremities of the arteries, and form 
accompanying branches, and trunks, ultimately uniting in the venw cavee^ 
>vhich pour their contents into the right auricle of the heart ; the venous 
blood is thence propelled into the right ventricle, from which the pul- 
monary artery arises, transmitting it through the lungs, whence it is re- 
turned by the pulmonary vein into the left auricle, which transmits it 
to the left ventricle, from which issues the aorta as aforesaid. So that 
the right cavities of the heart receive venous blood, and transmit it 
through the lungs, whence it returns to the left side of the heart, in the 
arterial state. In the lungs the blood is infinitely subdivided, and spread 
over a very large surface, in vessels so delicate as to admit of the opera- 
tion of the atmospheric air contained in their cells ; it enters the pul- 
monary structure in the venous state by the pulmonary artery^ and returns 
in the arterial or aerated state, by the pulmonary vein. It now remains 
to examine the changes which the blood undergoes during pulmonary 
circulation. 

llespiration is the |)rocess of receiving a quantity of air into the 
lungs, whence, .after having been retained a short time, it is again ex- 
pelled in the action of expiration : and, if now examined, a portion of 
its oxygen is found exchanged for carbonic acid, and it is more or less 
loaded with aqueous vapour. The nitrogen of the air probably remains 
passive, although from Dr. Edw%‘irds's experiments there appears to bo 
some doubt upon this subject, for sometimes it appeared to be- emitted, 
and soinetimes absorbed in small quantities by the blood. (J)e V Influence 
des A gens Physiques sur la Vie^ 1824.) 

Obvious circumstances render it very difficult to ascertain the quan- 
tity of air taken into the lungs at each natural inspiration, as well as the 
number of respirations made in a given time ; the former is, perhaps, 
about 15 or 16 cubic inches; and the latter about 20 in a minute. 

It has been by some supposed that the air suffers an absolute dimi- 
nution of bulk, but the experiments that have been adduced to prove 
this, can, I think, scarcely be regarded as satisfactory ; it seems, on the 
contrary, most probable that the volume of air expired is exactly equal 
to that inspired, and consequently the only chemical change that is evi- 
dent is the satursition of a portion of its oxygen with carbon*. The 
quantity of carbonic acid emitted at each expiration, varies at different 
periods of the day, and probably also in different individuals ; it appears 
at its maximum during digestion, and at its minimum in the morning, 
when the stomach is empty, and when no chyle is flowing into the blood. 
Dr. Front has shown that fermented liquors and vegetable diet diminish 

* Dr. Edwards thinks that a portion of air disappears, but that it is very vari- 
able in its amount. (Bostock, Physiology ^ ii , 101.) 
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the proportion of carbonic acid, and that the same thing happens when 
the system is affected by mercury. (Thomson's System^ iv., 621.) 

Tlie air expired after a single expiration has generally been regarded 
as containing, on an average, 3.5 per cent, of carbonic acid ; Messrs. 
Allen and Pepys, however, in their Essay on Respiration {Phil. Trans., 
1808,) have estimated it at about twice that quantity ; it amounted, in 
their experiments, to between 26 and 27 cubic inches per minute, a con- 
siderable quantity, when w’e reflect upon the comparative proportion of 
carbon existing in our food, and the other means of escape which it has 
from the body. 

The following table shows the results of several experimentalists in 
reference to the average quantity of air required for respiration, and of 
carbonic acid produced, by a man. (Gmelin.) 

Wi-iKbt of 
evolveil Carbon. 

(JrahiR. 

2820 (French.) 

4853 
5148 

The aqueous vapour contained in the expired air is probably secreted 
by the exhalants distributed over the surface of the air-vessels of the 
lungs, and derived from the humidity of the mouth, fiuccs, and trachea. 
Attempts have been made to estimate its quantity, but without Success ; 
perhaps the nearest estimate is about 3 grains p€r minute ; it is liable to 
variation, and can scarcely be considered as a product of respiration. It 
is estimated by Menzies to amount to 2880 grains in the 24 hours ; by 
Abernethy, to 4320 ; by Thomson, to 9120 ; by Hales, to 9792 ; and by 
Lavoisier to 13,704 grains. 

It has been above stated that the whole of the venous blood is pro- 
pelled through the vessels of the lungs, where it is subjected to the action 
of the air ; the chyle is of course carried along with it, and when it re- 
turns by the pulmonary vein to the left side of the heart, it has under- 
gone a considerable change in appearance, having lost its dingy colour, 
and acquired a fine florid red ; the chyle also has become perfect blood. 
The change of colour is evidently owing to the action of the air, which 
takes place through the thin coats of the circulating vessels (see p. 1 146), 
and the end thus attained is the removal of the carbonic acid from the 
venous blood. The only chemical difference, then, which can be satis- 
factorily detected between arterial and venous blood, is the existence of 
a certain excess of carbon, or of carbonic acid, in the latter ; when this 
is abstracted, and oxygen substituted for it, the blood is fitted for the re- 
novation of parts, for the formation of secretions, and for the sustenance 
of life by its action on the cerebral system ; for although the heart does 
not directly refuse to circulate venous blood, torpor ensues when blood, 
not aerated, passes into the vessels of the brain. 

It has already been shown that the blood suffers very important 
changes' in the kidneys and liver ; the function of perspiration also must 
k conndered as connected with an alteration of the circulating fluid, for 

moisture, carbonic acid, and minute quantities of acid, and of saline 
and animal matter, among which are acetic or lactic acid, ficotatc and 


Carbonic acid jtroiltii'i'd 

Of oxygen tvquir«‘d in*2t liouis. iu 24 hour!*. 

C'tib. iiiidtos. (iraitiA. Cub. inches. Grains. 

Lavoisier and Scguiii 4(i037 . . ISGGl . . 14030 . . 8dG4 . . 

Menzies <. . . . 51480 . . 17G25 

Daw 43504 . . 15751 . . 31C80 . . 17811 . . 

Allen and Pepys . . 39G00 . . 13464 . . 39600 . . 18612 . . 
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muriate of ammonia, and chloride of sodium* are evacuated by the cuta- 
neous vessels. This quantity of, humidity is sometimes very considerable, 
especially during exercise in warm weather, and it probably contributes 
materially to diminish the temperature of the body ; a portion of water, 
however, is at all times passing off by the skin, as may be seen by putting 
the hand into a dry and cold glass, which soon becomes dimmed by the 
condensation of vapour : this is termed insensible perspiration. 

Different animals require very different quantities of oxygen for the 
purposes of respiration. Man, and warm-blooded animals, consume the 
largest quantity ; the amphibious tribes not only require less, but can 
breathe in an atmosphere which wdll not support the life of the former ; 
and many insects take such small quantity, as sometimes to have been 
supposed caj)able of living without air, which is not the case. In the 
production of carbonic acid, all animals agree ; and, consequently, the 
nature of the deterioration suffered by the air is similar throughout the 
animal creation. 

Fishes breathe the air which is dissolved in water; they therefore 
soon deprive it of its oxygen, the place of which is supplied by carbonic 
acid ; this is in many instances decomposed by aquatic vegetables, W'hich 
restore oxygen, and absorb the carbon ; hence the advantage of cultivating 
growing vegetables in artificial fish-ponds. It has been ascertained by 
Biot, and verified by others, that the air-bladders of fish that live in very 
deep water, are filled with a mixture of oxygen and nitrogen, in which 
the former greatly preponderates; but in fish that are taken near the 
surface, the nitrogen is most abundant. In the Tri/gfa lyra^ always caught 
in very deep water, the air-bladder contained 87 per cent, of oxygen : in 
the carp and roach, according to Fourcroy and Priestley, the air-bladder 
contains little else than nitrogen. (Biot, Memoires d'Arcueil^ i. and ii.) 

The production of animal heat is perhaps the most recondite of all 
the functions; the power appears to belong to all animals, though to some 
in a very inferior di'gree. The higher orders of animals always maintain 
a temperature of about 100°; it varies a little in diftcrent parts of the 
body, the extremities and surface being a degree or two colder than the 
interior vital organs. This temperature is probably^ very little affected by 
external circumstances, a hot or cold atmosphere producing no corre- 
sponding change in the heat of the circulating blood. 

• According to Anselmino, as quoted i The relative proportion of solid mat- 
by Tiedemauu and by Berzelius, the dry | ter to that of the water, in sweat, varies 
residue obtained by evaporating human < according to Thenard,, from 0.5 to 1.25 
sweat, contains per cent, (jinn, de Cnim., i.ix., 262.) 

Saline matters, chiefly calcareous,! j Som(» peculiar matters are occasionally 
and insoluble in water and in ^ 2. thrown off by the skin, giving rise to 
alcohol cotoured perspiration. 1 have heard of 

Substances soluble in water, but j a case in which a man's linen was thus 
insoluble in alcohol, comprising f 21. thiged blue; and Dr. Williams men- 
onimal matter and sulphuric salts. • tions the case of a lady whose perspira- 

Common salt and extractive mat-1 « tion, when profuse, dyed the clothes on 
ter soluble in dilute alcohol • ‘ some parts of her person, particularly 

Extractive matter, lactic acid, and | the wrists and neck, of a bright crimson 
lactates, soluble in anhydrous > 29. colour, but without any marks of blood; 
ftlCOhOl . • t • I 8uppos€>d by Dr. Frout to be 

: caused by sulphocyanate of iron. 



1200 


ANIMAL FUNCTIONS. 


When the chemical changes that take place during respiration had 
been inquired into, and when it was found that the capacity of carbonic 
acid for heat was less than than of oxygen, it was supposed that the 
conversion of oxygen into carbonic acid was the cause of the rise of 
temperature ; and as the heat of the lungs does not exceed that of other 
parts, it was asserted that the air was absorbed by the blood, and that 
the production of carbonic acid, and consequent evolution of heat, took 
place gradually during the circulation. To these opinions many strong 
objections have from time to time been urged by different physiologists, 
but their complete subversion followed the researches of Sir B. Brodie 
{Phil. Trans.^ who found that the heart was capable of retaining 

its functions for some hours, and of carrying on circulation, in a deca- 
pitated animal, and consequently independent of the inhueiice of the 
brain, when respiration w^as artificially carried on. Under these cir- 
cumstances it \vas observed, that although the change of blood from the 
venous to the arterial state was apparently perfect, heat wns not generated, 
for the aiiimal cooled regularly and gradually down to the atmospheric 
standard. In more than one instance I examined, at his request, the 
expired air, and found that it contained as much carbonic acid as was 
produced by the healthy animal; so that here, circulation went on, there 
was the change of oxygen into carbonic acid, and the alteration of colour 
in the blood, and yet heat appeared not to be generated*. ** 

In these cases, a period was also put to the secretory functioiii; and 
it has been observed by other physiologists, that if the nerves that supply 
any of the glands are injured or divided, there is a corresponding change 
or suspension of their secretion. Electricity has sometimes been sup- 
posed to have some connexion mth the nervous influence (p. 301), and 
the fact of some of the secretions being alkaline, wdiile others are acid, 
(corresponding to negative and positive influence,) has been adduced in 
favour of the supposition {Phil. Trans.^ 1800, p. 38.5;) but experiment 
has gone little >vay to sanction such a notion ; and although it has been 
proved that the nervous injluence contributes to the generatiori^f heat in 
animals, and that it presides over the phenomena of secretion, asKwell as 
of sensation and voluntary motion, neither the actual cause of this 
influence, nor the mode in which it operates have been ascertained. 

Upon this subject Dr. Turner {Elem. j similar effect.- It may, hence, bo in- 
of Chemistry, 6th edition, a83,) makes ferretl, that this is one of the sources 
the following remarks: Were these ex- of animal heat. It is certain, however, 
perimente ngidl»exact they would lead that the heat of animals cannot be 
to the opinion that no caloric is evolved maintained by the sole process of urte- 
by the mere process of arterialisation ; rialization. Consistently witli this fact, 
this inference however cannot be ad- the researches of Dulong and Despretz 
mitted for two reasons ; first, because agree in jproving, in opposition to the 
other physiologists in repeating the ex- results obtained by Lavoisier and Craw- 
periments of Brodie, have found that ford, that a healthy animal imparts to 
the process of cooling is retarded by surrounding bodies a quantity of heat 
artificial respiration; and secondly, be- considerably greater than can be ac- 
cause it io difficult to conceiYe why the counted for by the combustion of the 
formation of carbonic acid, which uni- carbon thrown off during the same 
formly ^ves rise to increase of tempo- interval from the lungs in the form of 
rature in oth^ cases, should not be carbonic acid. {Ann. de Chim. et Phys., 
attended, within the animal body with a xxvi.) 
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T. Enrlish AVkwiits and Measuues 

* € 
The English troy pound is subdivided into twelve ounces, and each 
ounce is equal to 480 grains. The subdivisions of the troy ounce, called 
Apothecaries weighty are into 8 drachms, each drachm into 3 scruples, 
and each scruple into 20 grains. The troy ounce is also sometimes 
divided into 20 penny weights, of 24 grains each. These are the weights 
generally employed by chemists, but for philosophical purposes ambiguity 
is most easily avoided by employing the grain as integer: and the 
laboratory should be pwvided with good sets of weights, from 1000 
grains downwards ; the grain should be decimally subdivided into tenths 
and hundredths. 

The standard of most articles bought and sold in common life is the 
amirdupois pound, which is equal to 7^00 troy grains, and is divided 
into 10 ounces, of 437-5 troy grains each. The avoirdupois ounce is 
legally divided into 10 drachms, of 27-34375 grains each; but this 
division is rejected in all ordinary cases, in consequence of the confusion 
likely to result bct>veen the troy and avoirdupois drachm, so that the 
tenii drachm is almost exclusively employed to denote the eighth part of 
a troy ounce, or 60 grains. 

For measures of capacity, the wine pint was formerly employed, which 
corresponds to 28.875 cubical inches of water, at a temperature of 60®. 
It is subdivided into 16 ounces; the ounce into 8 drachms. Two pints 
make a quart, and 4 quarts a gallon. 

The ale contains 35.25 cubical inches of w'ater, atafiO® . 

For chemical use, the most convenient measure is the bulk occupied 
by the troy ounce of distilled w’ater, which may be subdivided into 480 
grains, and which is equal to 1,8047 cubical inches. 

The length of the pendulum, vibrating seconds in vacuOy in the 
latitude of tiOndon(51® 31' 8".4 North) at the level of the sea, and at 
the tempemture of 62°, isz= 39.13929 inches of Sir George Shuckburgh’s 
standard scale. (Kater, Phil. Trans.y 1819, p. 415.) 

In tkeJPollowlng Tables are sho^vn the subdivisions of the English 

troy and avoirdupois pounds, and of the English wine gallon, and their 
correspondence with the French gramme and litre. 

4 11 
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TiiOY Weight. 


Poiintl, Ounces. Drms. 

Semples. 

Grains. 


Grammes. 

1 = 12 = 96 

= 288 = 

5760 

= 

372.96 

1 = 8 

= 24 = 

480 

=r 

31.08 

1 

= 3 = 

60 

= 

3.885 


1 = 

20 


1.295 



1 

= 

0.06475 


Avoirdupois Weight. 

Pound. Oiincpi). Drms. Grains. 

1 = 16 =r 256 = 7000 

1 = 16 = 437.6 

1 = 27.34375 

Wine Measure. 


Gal. Pints. Ouncos. Drius. (’ub. Inch. Litres. 

1 z= « z= 128 = 1024 =231. = 3.78515 

1 = 16 = 128 = 28.876 = 0.47398 

1 = 8 = 1.8047 = 0.02957 

1 = 0.2256 = 0.00396 


Grammes. 

= 453.25 

= 28.328 

= 1.7705 


The Imperial Gallon, now substituted for all other 7neasures^ is one- 
Jifth more than the old wine gallon (30 Imperial = 30 Wine\ and one- 
sixtieth less than the old ale gallon (31.5 Imperial =; 30 Ale^ It 
contains 10 pounds of' water, of' 7000 grains each {avoirdupois pounds) 
£= 70,000 grains = cubic inches of water at 62®. 

• 

II. French Weights and Measures. 

The French metrical system is founded on a single standard of length, 
cfilled a metre, and which is equivalent to the ten-millionth part of the 
arc of the meridian, extending from the equator to the pole. The length 
of the metre, at the temperature of 32°, as Jisccrtained by Captain Kater 
{Phil. Trans., 1818), is 39.37079 Englisli inches. 

The French measures increase and decrease in decimal proportions, a 
distinctive prefix being put to the term by which the integer is called. 
These prefixes are deca, hecto, kilo, and myria, taken from the Greek 
numerals, to express the multiplication of the integer by 10, 100, 1000, 
and 10000 respectively: and deci, centi, and milli, from the Latin 
numerals, to express the division of the integer by 10, 100, or 1000; as 


in the following table: 

Metres. 


Metre. 

1 Myriametre . . . 

= 10000 

1 Metre . . . , 

. . = 1 

1 Kilometre . . . 

= 1000 

1 Decimetre . , 

. . = 0.1 

1 Hectometre . . . 

= 100 

1 Centimetre . . 

. = 0.01 

1 Decametre . . . 

= 10 

1 Millimetre . . 

, = O.OOl 


The metre is the integer of the measure of length, and from it all 
measures of surface, capacity, and weight, are deduced as follows: 

For square dimensions, the metre, or its parts squared, are employiid. 
When used for measuring land^ the term arc is adopted^ which is cl 

decametre squared. An hectare, or 100 ares, is about equal to 2 English 
acres. 
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For the integer of the measure of capacity, tlie cubed decimetre is 
employed, under the name of lilre^ which is about ec^ual to English 
wine pints. 

For the integer of the measure of weight, the weight of a cubic centi- 
metre of distilled water, at 32^^, has been adopted: it is called o. gramme^ 
and is equal to 15.4 English grains. 

The following are the principal tables of French Weights and Measures, 
which will be found useful in the laboratory. In Appendix II. of Aik in's 
Dictionary^ the reader will find several others, showing the relation of 
the French to the English standards. 


Measuhes of Lexgtu. 


Millimetre . . 
Centimetre . . 
Decimetre . . 
Metre .... 

Eii{;1ish inches. 

= .03037 

= .39371 

= 3.93710 

= 39.37100 

MU. Fill- 

Yds. Feet 

In. 

Decametre . . 

= 393.71000 

= 0 0 

10 2 

9.7 

Hecatometre . . 

= 3937.10000 

= 0 0 

109 1 

1 

Kilometre . . . 

z= 39371.00000 

=r 0 4 

213 1 

10.2 

Myriometre . . 

= 39 . 3710.00000 

= 6 1 

156 0 

6 

MUlilitre . . . 
Centilitre . . . 
Decilitre . . . 

Measubes of 

(!ubic inches. 

= .06103 

= .61028 

= • 6.10280 . 

Capacity. 

Tons. 

English, 

Wine G. 

1'int.R. 

Litre .... 

= 61.02800 

= 0 

0 0. 

2 . 11:13 

Decalitre . . . 

= 610.28000 

= 0 

0 2. 

5.1352 

Hecatolitre . . 

= 6102,80000 

= 0 

0 26.419 


Kilolitre . , . 

=7 61028.00000 

= 1 

0 12.19 


Myrioliti*(.> . . 

= 610280.00000 

== 10 

1 58.9 


Milligramme . . 
Centigramme . . 
Decigramme . . 
(iramme . . . 

Measures of 

Eu);1ish ^mins 

= .0154 

= .1544 

= 1,5444 

= 16.4440 

Weight. 

I 

Avoirdupois. 

’omi. Oiin. 

Dram. 

Decagramme . . 

= 164.4402 

’rr 

0 0 

5.6T} 

llecatogramme . 

= 1544.4023 : 


0 3 

8.5 

Kilogramme . . 

= 15444.02:14 

= 

2 3 

5 

Myriogramme 

= 154440 . 2:144 

rr. 

22 1 

2 


III. Table op the Specific Gravity op W ater, at every degree of 
Temperature, prom 30° to 30° Faiir. 

The following Table is given by Mr. Gilpin, in the 84th volume of the 
Philosophical Transactions^ and is of essential use for taking the specific 
gravities both of solids and fluids, by enabling the operator to reduce the 
weight or bulk of the distilled water employed in any case, to that which 
it would have at any other common temperature, and particularly to 60°, 

which is the usual standard. 

Thus, for example, since the specific gravity of water at 47 is 1.0008, 
and at 60° is 1. 00000, (and consequently 1 .0008 grains, at 47°, are equal 

4 H 2 
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in btdk to 10,000 grains at 60°), it follows that it would require 352,708 
grains, at 47^, to equal the space of acubic inch: for 10,000 : 10,008 : : 
253,506 (the weight of a cubic inch at 60°), : 252,708. 

The remarkable anomaly of the specific gravity of water decreasing 
through all the degrees of temperature below 40% or thereabouts, that it 
remains uncongealed, has been noticed imder the article Heat; but the 
difference for one or two degrees above or below 40° is so trifling, that it 
has hardly yet been ascertained with perfect accuracy. 


Fahr. 

Sp. Grav. 

Fatir. 

Sp. Orav. 

Fahr. 

Sp. Grav. 

Fahr. 

Sp. Grav. 

30°. 

1.00074 

43°. 

.. 1.00090 

56°.. 

. 1.00031 

69°. 

. 0.99906 

31 .. 

1.00078 

44 

. 1.00088 

57 

1.00024 

70 

. 0.99894 

32 .. 

1 .00082 

45 

.. 1.00086 

58 .. 

1.00016 

71 

. 0.99882 

33 .. 

1 .00085 

46 

.. 1.00083 

59 .. 

1.00008 

72 

. 0.99869 

34 .. 

1 .00088 

47 

.. 1.00080 

60 .. 

1 .00000 

73 

. 0.99856 

35 .. 

1.00090 

48 

.. 1.00076 

61 .. 

0.99991 

74 

. 0.99843 

.30 .. 

1.00092 

49 . 

.. 1.00072 

62 .. 

0.99981 

7fi . 

. 0.99830 

.37 . 

1 .00093 

50 . 

.. 1.00068 

63 .. 

0.99971 

76 

. 0.99816 

.38 .. 

1 .00094 

51 . 

.. 1.00063 

64 .. 

0.99961 

77 

. 0.. 09802 

.39 .. 

1.00094 

52 . 

.. 1.00057 

65 .. 

0.99950 

78 

. 0.99788 

40 .. 

1.00094 

53 . 

.. 1.00051 

66 .. 

O.JM)9:i9 

70 . 

. 0.99774 

41 .. 

1 .00093 

54 

.. 1.00045 

67 

0.99928 

1 80 

. 0.9!)750 

42 .. 

. 1.00092 

55 . 

.. 1.00038 

68 

0.99917 

1 



IV. .Analysis of Mineral Waters. 


The following observations may perhaps be useful in directing the 
student’s attention to a few of the leading points in the examination of 
mineral waters. Tlie moans of calculating th’e composition of the pre- 
cipitates, and other details of quantitative analysis, are not here repeated, 
as they are fully explained in other parts of this work. Tlic principal 
tests and re-figents which lie will require are as follows; 


Pure siiljiliiinc ac^kl. 

,, nitric acid. 

„ muriatic acid. 

Dilute sulphuric acid, 1 acid 4- a water. 
„ nitric acid „ „ 

„ muriatic acid „ „ 

Solution of potassa. 

„ soda. 

„ ammonia. 

„ carbonate of potassa. 

„ carbonate of soda. 

„ carbonate^of ammonia. 

„ oxalic acid. 

„ oxalate of ammonia. 

„ baryta. 

„ acetate of baryta. 

„ lead. 


Sedution of nitrate of baryta. 

„ phosphate of soda. 

„ sulplmte of silver. 

„ iodine in alcohol. 

„ nitrate of silver. 

„ ferrocyanuret of potassium. 

„ chloride of calcium. 

„ liydrosnlphuret of ammonia. 
„ iodide of potassium. 

„ soap in alcohol. 

„ chloride of platinum. 

Tincture of galls. 

Phosphorus. 

j Sulphate of lime. 

I Test-papers, (turmeric, litmus, violet.) 

Block flux. 

I Nitrate of ammonia. 


The following will also be requisite: Florence flasks, Wedgwood and 
glass basins, a platinum and a silver crucible, a silver capsule, some 
funnels, test-glasses, test-tubes, and glass rods, filtering-paper, a spirit 
and an Argand lamp, a retort and receiver, a copper basin to serve as 
sand-bath, a blowpipe, a thermometer, a scale of equivalents, a dropping- 
bottle, a few watch-glasses, a support for holding glasses over a lamp, a 
small brass stand with rings, a pipette for drawing up small portions of 
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liquids, platinum pincers; a small but good balance, with well-adjusted 
weights, is also requisite, accompanied by a phi? J and counterpoise for 
taking specific gravities; and, lastly, a small mercurial trough. There 
should also be a plentiful supply of distilled water, a portion of which 
should be contained in a dropping-bottle. These tests and apparatus, 
with instructions for their use, may be obtained at Mr. Newman's, 
Regent-street. 

I. i. The term Mwierfl/ is applied to those natural spring-waters 
which contain so large a proportion of foreign matter as to render them 
unfit for common domestic use, and to confer upon them a sensible 
flavour, and a specific action upon the animal frame. Their temperature is 
liable to variation, and is sometimes their principal character, as is the 
case with the waters of Bath and Buxton; but they are generally so far 
impregnated with acid or saline bodies, as to derive from them their 
peculiarities, and in this respect may conveniently be arranged under the 
heads of carbonated^ sulphureous^ saline^ and chalybeate waters. (See the 
annexed table.) The mere taste of the water enables us to determine to 
which of these subdivisions it probably belongs. 

ii. In examining a mineral water, it is of importance to ascertain its 
specific gravity^ which gives some insight into the proportion of its saline 
ingredients. Mi. Kirwan (Essay on Mineral Waters^ p. 145) has given 
the following formula for calculating the proportion of saline substances 
in a ivater of known specific gravity: subtract the specific gravity of 
pure water from that of Ihe water examined, and multiply the remainder 
by 1.4. The product is equal to the saline contents i:i a quantity of the 
w'ater denoted by the number employed to indicate the specific gravity of 
distilled water. Thus, suppose the specific gravity of the water = 1.079, 
and that of pure water = 1 .000, then 79 X 1.4 = 1 10.6 ;= saline contents 
in 1000 of the mineral water.” It is advisable to conjoin this method 
with the following: 

iii. Evaporate a given weight, say 1000 parts, to dryness, and expose* 
the residue for 24 hours to a temperature not exceeding 300° upon a 
platinum capsule ; weigh it while warm, and the mean obtained from 
this and the former experiment will give the proportion of dry saline 
ingredients within a trifling error. Thus, suppose 1000 parts of the 
above-mentioned water give by evaporation 114.4 dry residue, then 
110.6 + 114.4 = 225-^2 == 112.5 = quantity of saline matter in a dry 
state (salts deprived of water of crystallization) existing in the water. 

iv. Having ascertained the relative ciuantity of foreign matter in the 
water, the nature of the substances present is next to be inquired into. 
The substances which have been found in mineral waters are extremely 
numerous, as may be seen in the annexed analyses by Berzelius and 
Struve:* those which very ordinarily occur are the following: — Oxygen, 
nitrogen, carbonic acid, sulphuretted hydrogen, carbonate of lime, car- 
bonate of magnesia, carbonate of iron, muriate of magnesia, chloride of 

sodium, sulphate of magnesia, sulphate of soda, and sulphate of limci 

a. Oxygen and nitrogen exist in the greater number of spring-waters 
in the proportions constituting atmospheric air; the proportion of nitrogen 
is, however, not unfrequently predominant. These gases give no peculiar 
flavour to the water. 



1206 


APPENDIX. 


b. Carbonic acid renders waters sparkling and effervescent : it isi 
detected by occasioning a precipitate in aqueous solution of baryta, which 
dissolves with effervescence in dilute muriatic acid. 

6\ Tlie presence of sulphuretted hydrogen is known by its odour ; by 
the jiroduction of a black precipitate, on dropping into the water a solu- 
tion of nitrate of silver ; and by the deposition of sulphur, on adding a 
few drops of nitric acid. 

d. The carbonates arc dissolved in the water by excess of carbonic 
acid, and consequently fall upon its expulsion by boiling. Carbonate of 
lime and magnesia are deposited in the form of a white precipitate. 
Carbonate of iron occasions the separation of a brown powder, and the 
water is blackened by a few drops of tincture of galls. 

c. Mr. Phillips, in his analysis of Bath waters, has shown that the deli- 
cacy of galls, as a test for iron, is affected by the presence of certain salts : 
if tlic iron be in the state of protoxide, its detection is facilitated by salts 
with a base of lime, and by alkalis; if in the state of peroxide, lime pre- 
vents the action of the test. This is well shown by dissolving a vefy 
minute portion of protosulphate of iron in a glass of distilled water, and 
adding a drop of tincture of galls, which occasions no immediate disco- 
loration ; but a drop of lime-water, or other alkali, instantly renders the 
presence of iron evident ; so that the quantity of iron present in a water 
cannot be correctly judged of by the degree of precipitation occasioned in 
it by tincture of galls. 

Jl Ferrocyanuret of potassium is also a gQod test to sho>v minute 
quantities of iron in water, by the blue precipitate which it occasions ; its 
action is aided by previously adding two or three drops of nitric acid to 
the w^atcr ; but it is an equivocal test compared wdth galls. 

g. The presence of chlorides or muriatic salts is indicated by a white 
cloud, insoluble in nitric acid, on adding sulphate of silver. 

/i. The sulphates, when present in water, afford a w'hite precipitate 
on the addition of nitrate of baryta, W'hich is insoluble in nitric acid. 

/. Lime is recognised by a wdiitc cloud on dropping oxalate of 
ammonia into the water. A portion of the precipitate collected upon 
leaf-platinum, and heated before the blow-pipe, may be burned into 
quicklime. 

A*. Magnesia is rendered evident by adding carbonate of ammonia, 
w^hich throws dovm the lime, and subsequently dropping in phosphate of 
soda, which, when magnesia is present, carries it down in the form of a 
granular precipitate of ammoniaco-magnesian phosphate. 

Such are the readiest moans of recognising the presence of the various 
substances that commonly occur, by the action of re-agents or tests ; and, 
having gained such general information, we next proceed to the analysis 
of the water, in order to ascertain the relative proportions of the gaseous 
iind saline ingredients which it holds dissolved. 

11. V. To ascertain the relative proportions of the gaseous contents 
of water with perfect accuracy, is difficult, and rarely necessary; the 
following method is sufficiently precise in all ordinary cases. Provide a 
Florence flask capable of holding rather more than a measured wine- 
pint, which quantity of the water under examination is to be introduced 
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into it, and a cork carefully fitted to its neck, through a perforation, in 
which is inserted a glass tube one-eighth of an inch in diameter, rising 
perpendicularly about eighteen inches, and then bent so as to pass con- 
veniently under the shelf of the mcrcurio-pneumatic apparatus. (Where 
a sufficiency of mercury cannot be procured, warm water may be sub- 
stituted, if only carbonic acid be present, and it may be absorbed by 
transferring the jar containing it to a solution of potassa.) The fiask 
should be placed over an Argand lamp, and beat gradually applied till 
the water fully boils. The gas evolved is to be collected in the usual 
way, in a graduated jar over quicksilver, and submitted to the following 
examination : — 

vi. Throw up a small quantity of solution of potassa, which, if 
carbonic acid be present, will absorb it, and the quantity will be shown 
by the diminution of bulk. 

vii. Introduce the remaining air, c r a portion of it, into a small bent 
tube, containing a bit of phosphorus ; heat it so as to kindle the phos- 
phorus, and note the diminution of bulk when cold. It is proportional 
to the oxygen presemt, and, if equal to one-fifth of the wliole bulk, the 
gas may be regarded as atmospheric air, 

viii. If sulphuretted hydrogen be present it may be separated by 
alcoholic solution of iodine, which absorbs it, and scarcely takes up more 
than its own volume of carbonic acid gas. Chlorine, added to a mixture 
of sulphuretted hydrogen and carbonic acid, will also produce the absorp- 
tion of the former, if % little water be present ; but it cann* >t be con- 
veniently used over mercury. 

ix. lluring the ebullition it not unfrequently happens that a precipi- 
tation ensues, indicating that the substances thrown down were dissolved 
by carbonic acid ; and in that case they should be separated upon a filter, 
A ; after which the remaining w’ater may be evaporated to dryness in a 
glazed porcelain basin ; the dry residue must be transferred to a silver 
capsule, and perfectly desiccated at a temperature not exceeding 500 °. b. 

Ihe precipitate A may consist of csirbonate of lime, of carbonate of 
magnesia, or of oxide of iron ; or it may be a mixture of the three ; dis- 
solve it in dilute muriatic acid, and add oxalic acid, which throws do\vn 
oxalate of lime; separate this by filtration, and saturate the filtrated 
portion with carbonate of ammonia, which precipitates the peroxide of 
iron, and having removed this, evaporate the residuary mixture, and 
expose the dry salt to a red heat in a small platinum capsule; the 
magnesia^ if any were present, will remain; if not, there will be no 
residue ; for the oxalic acid and muriate of ammonia will be destroyed 
and volatilized. 

When carbonic acid holds iron in solution, the metal is in the state 
of protoxide, and if air be excluded, it requires long boiling to decompose 
it ; for the same reason, if the w^ater be exposed under the exhausted 
receiver of the air-pump, it does not readily become brown, as is the case 
when it is exposed to air; a drop or two of nitric acid facilitates the 
deposition of the red oxide. 

X. The dry residue b, is to be digested in six or eight parts of boiling 
anhydrous alcohol, which will take up muriate of magnesia,, and in some 
rare cjises (where no sulphates are present) muriate of lime. Filter off 
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the alcoholic solution, and wash the residue c with a little fresh alcohol, 
which add to the former, and evaporate to dryness d. The dry mass d, 
exposed for some time to a heat of 500°, is generally pure muriate <jf 
magne^a : if it contain muriate of lime^ the latter earth may be separated 
by solution of oxalic acid, in the state of oxalate of lime. 

It is, in some cases, convenient to convert the muriates of lime and 
magnesia into sulphates, by pouring upon them excess of sulphuric acid, 
evaporating to dryness, and heating the dry mass red hot. The sulphate 
of magnesia may then he almost completely separated from the sulphate 
of lime, by a small quantity of cold water; or a saturated solution of sul- 
phate of lime may he used, w^hich takes up the sulphate of magnesia, and 
leaves the sulphate of lime. 

xi. The residue c, insoluble in alcohol, may contain chloride of sodium, 
sulphate cf soda, sulphate of magnesia, and sulphate of lime; digest it in 
ten parts of boiling distilled water, which, when cold, will have taken up 
everything but sulphate of lima, of which an inappreciable portion only 
will have been dissolved; separate the solution into two equal portions, 
a and b, which may afterwards be further diluted. 

To a add nitrate of silver, and wash and dry the precipitate, which 
is chloride of silver, 146 parts indicate 60 of chloride of sodium. 

To h add acetate of baryta as long as it occasions a precipitate, which 
is sulphate of baiyta, e, and which is to be separated, dried, and weighed. 
117 grains are equivalent to 72 of dry sulphate of soda and 60 of dry 
sulphate of magnesia. » 

In order to ascertain the quantity of magnesia present, and conse- 
quently the quantity of sulphuric acid belonging to it, evaporate the liquid 
filtered oflF the barytic precipitate e to dryness ; it will contain chloride of 
sodium, acetate of soda, acetate of magnesia, and, probably, a portion of 
the added acetate of baryta; ignite the dry mass, and wash it to separate 
the chloride of sodium and the soda; magnesia and carbonate of baryta 
will remain insoluble, upon which pour dilute sulphuric acid; digest, 
filter, and evaporate the clear liquor to dryness ; it is sulphate of magnesia, 
equivalent of course to the original portion of the salt ; deduct the sul- 
phuric acid contained in it firom the whole in the precipitate £, and the 
remainder will give the quantity united to the soda. 

xii. To estimate the quantity of sulphate of lime in the water, the 
residue of the evaporation of one pint may be washed with cold saturated 
solution of sulphate of lime, which, in most cases, will dissolve everything 
but that sulphate, and which may thus be obtained and weighed ; or, add 
oxalate of ammonia to a given quantity of the boiled and filtered water, 
collect the precipitate, and give it a red-heat with excess of sulphuric 
acid, by which it is converted into sulphate of lime, equivalent to the 
originsd in the water. 

xiii. Besides the substances now enumerated, and which maybe con- 
sidered as the most frequently occurring ingredients in minersd waters, 

the following are occasionally present: 

a. Carbonate of Soda is known to exist in water, when, after having 
been boiled down to half its bulk, and, if necessary, filtered, it reddens 
tunneric paper, and restores the blue of litmus reddened by vinegar; it 
also affords an effervescent precipitate with nitrate of baryta, soluble in 
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dilute nitric acid. This carbonate is incompatible with the soluble salts 
of lime. ^ 

Muriate of lime may also be used to detect the alkaline carbonates, 
with which it affords a precipitate of carbonate of lime. Carbonate of 
soda is distinguished from that of potassa, by the latter affording a preci- 
pitate in neutral muriate of platinum, which the former does not. Car- 
bonate o/* ammonia is discoverable by its smell, when acted on by caustic 
fixed alkali or lime : also by its action on test-papers. 

b. Silica is detected by evaporating the water to dryness, and boiling 
the residue in dilute muriatic acid. The silica, if present, remains as a 
white powder not altered by a red-heat, but instantly fusing with a par- 
ticle of carbonate of soda. 

Boracic acid and borax have been found in certain lakes in India, and 
in some parts of Italy. To detect boracic acid, evaporate to one-eighth 
the original bulk of the water, and add carbonate of soda as long as it 
occasions any precipitate; boil and filter. The filtered liquor will contain 
borate of soda with some other salts of the same basis ; evaporate to dry- 
ness in a platinum crucible, and digest the residue in three or four parts 
of sulphuric acid, diluted with its bulk of water. If boracic acid be 
present, it will separate in micaceous crystals. 

d. Alumina has been found in a few mineral waters in the state of a 
sulphate. It may be separated by the following process: Evaporate to 
diyness, digest in alcohol, and redissolve the residue in eight parts of 
water ; filter and add oualic acid, which throws down lime, and which, 
being separated, leaves magnesia and alumina in solution. Carbonate of 
ammonia throws down the alumina and leaves the magnesia. 

Pure ammonia throws down both alumina and magnesia. These 
earths may be separated by solution of potassa, which dissolves the former 
but not the latter. 

e. Manganese is sometimes found in water, but only in very small 
proportion, so as not to amount to more than a trace. Dr. Scudamore 
found a trace of manganese in the waters of Tunbridge Wells, and it has 
never been discovered in larger proportion. 

f. Certain nitrates are occasionally present in w’ater. Nitrate of lime 
will be taken up from the residue of evaporation by alcohol, and may be 
decomposed by carbonate of potassa, so as to afford carbonate of lime and 
crystals of nitre. 

g. It sometimes happens that water contains /eflrf, which may be 
detected by evaporation to one-eighth its bulk, adding a few drops of nitric 
acid, and then sulphate of soda, which gives a white insoluble precipitate ; 
and sulphuretted hydrogen, which forms a black cloud. These precipi- 
tates may be reduced by heating them before the blowpipe upon charcoi^ 
mixed with a little black flux. 

h. If vegetable or animal matter be contained in water, it gives it a 
brown colour, especially when evaporated. It may be destroyed in the 
dry residue by igniting it >vith a small addition of nitrate of ammonia. 

i. Iodine and Bromine must always be sought for in mineral waters; 
the means of detecting these are stat^ at pp. 341 and 344. Where they 
are suspected, the water should be evaporated to dryness, and the residue 
triturated with a little distilled water, which will t^e up the iodic and 



1210 


APPENDIX. 


bromic salts; they are recognised by the addition of a solution of starch, 
having previously added a few drops of solution of chlorine. Or the 
methods of electrolytic analysis pointed out Jit p. 280 may be adopted, 
using a few drops of the evaporated water and of the tests, in a watch- 
glass. 

The following analyses of mineral waters may be consulted by the 
student, as containing a variety of useful details, necessarily omitted in 
the above observations: — Analysis of the Hot Springs at Baih^ by Richard 
Phillips, Esq. Analysis of the Brighton Chalybeate^ by Dr. Marcet. 
Analysis (f the Tunbridge Wells Waters^ by Dr. Scudamore. Mr. Chil- 
dren’s Translation of Thenards Essay on Chemical Analysis^ chapter vi. 
Walcker on the Bath Waters. {Ciuart, Journ.^ N. S.) 

The annexed Tables show the composition of some of the principal 
mineral waters of Europe. In regard to those of Germany, the older 
analyses of Bergman, Klaproth, and Hassenfratz, may be compared with 
the later results of Berzelius and Struve. Traces of iodine and of 
bromine have also been detected in several mineral waters, in which 
they had previously escaped observation. 

Traces of organic matter (zoogen) have been found in certain 
mineral springs, especially in those of high temperatures, possessing 
some of the characters of albumen : it was first, I believe, observed by 
Vauquelin, in the waters of Vichy, {^Ann. de Chirn. ct Phys.^ xxviii. 98 ,) 
and afterwards by Monheim, in those of Aacht'n, Spa, Ilcilstein, Mal- 
medy, &c. ; the waters of Aix, in Savoy, and of Ischia, acquire a peculiar 
odour, resembling that of boiled meat, from the presence of this organic 
matter, and the latter deposit it, ticcording to Gimbernat, upon the 
adjacent rock. The source of this contamination is a curious subject of 
geological speculation. The spring-water of London, is not unfrequently 
contaminated by various impurities of organic origin, sometimes in very 
sensible quantity ; at others, only recognised on evaporating it, when the 
residue exhales a peculiar odour, and evolves ammonia if heated or acted 
on by caustic alkali. The source of this contamination, especially in 
the pump-water from church-yards, is sufficiently obvious ; and such is 
the situation generally chosen for the parish pump. This disgusting 
source of water should be avoided, and the disgraceful system of burying 
bodies in the streets of London should be authoritatively discontinued*. 

* Abundant instances of this nuisance Clement's, in the Strand, is a fair 
must occur to every one who walks specimen: there are many infinitely 
about Loudon : the church-yard of St. worse. 



TABULAR VIEW OF THE COMPOSITION OF MINERAL WATERS. 

One Pint (Wine Measure) contains the following Ingredients • 

^SES. I CARBONATES [ SULPHATES. 1 MURIAT ES. j 



Marcet. 
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tin, 1119 

uranium, 1123 

zinc, 1118 

Acetates, 1116 
Acetic acid, 1109, 1114 

action of reagents on, 

1115 

— anhydrous, 1115 

— composition of, 1109, 

1115 

congelation of, 1115 

diluted, 1111 

glacial, 1115 

hydrated, 1115 

liquid, 1115 

production of, by slow 

combustion of alcohol, 

1116 

solid, 1115 

specific gravity of, 1115 

Acetic ether, 1102 
Acetometer, 1112 
Acetone, 1116, 1124 
Acetous fermentation, 1109 
Acid, aceric, 874, note 

— acetic, 1109, 1114 

— aerial, 75, 467 

— allantoic, 1166, note 

— nnibreic^ 1190 

— - amniotic, 1165, note 

— antimonic, 721 

— ontimonious, 721 

— orgento-cyanic, 811 

— arsenic, 746 

— arseniouB, 744 

— aspartic, 1042 

— azulmic, 923 

— benzoic, 974, 1170> note 

— bolctic, 1013 

— boracic, 510, 532 
— - — anhydrous, 511 
hydrated, 511 

— — native, 511 

— borohydrofluoric, 613 

— bronuc, 346 

— butyric, 1151, iiote, 1152 

— cahincic, 1031, note 

— camphoric, 969 

— capric, 1152, 1154 

— caproic, 1152, 1154 

— carbazotic, 047 

— carbonic, 467, 532 

gaseous, 470 

gaseous, solution of 

307, 472 

liquid, 470 

— carbonic, solid, 471 

— carbonous, 464 


Acid, carbo-sulphuric, 509 

— carthamic, 937 

— chloric, 338, 525 

— chloriodic, 343 

— chlorionic, 344 

— chlorocarbonic, 466 

— chlorochromic, 773, note 

— chlorocyanic, 602 

— chlorous, 337 

— chromic, 768 

— cinchonic, 1030 

— citric, 1006 

— cobaltic, 686 

— colophonic, 978 

— columbic, 782 

— crocomc,464,rao/&; 537, 

note 

— crotonic, 955 

— cyanic, 500, 532 

— cyanuric, 1169, 1170, 

note 

dclphinic, 1188 

— deutethionic, 1097 

— claidic, 965; and note. 

ibid. 

— claiodic, 965, note 

— ellagic, 932 

— equisetic, 1014 

— erythric, 1172 

— esculic, 965, 966, note, 

1052 

— ethero phosphoric, 1097 

— ethero sulphuric, 1097 

— ethionic, 1097 
ferrochyazic, 654 

— ferrocyanic, 664 

— ferrosesquicyanic, 656 

— fluoboric, 512 

— fluosilicic, 370 

— fulminic, 502, 532, 798 

— fungic, 1014 

— formic, 994, 1011 

— gallic, 925, 931 

— hippuric, 975, 1179, 

note 

— hircic, 1158, 1186 

— hydriodic, 367 
liquid, 368 

— hydriodous, 369 

— hydrobromic, 369 
liquid, 369 

— hydrochloric, 360 

— hydrocyanic, 504, 532 

— hydrocj’anoferric, 654 

— hydroferrocyanic, 664 

— hydrofluoric, 370 

— h^drophosphorousj 451 

— hydrosclcnic, 456 

— hydroselcnio - cyanic, 
508 
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Acid, hydrosulphocyanic, t507 

— hydrosulphuric, 433 

— hydrosulphurous, 435 
•— hydrothionic, 433 

— hydroxalic, 1004 

— hydroxantliic, 509 
hypo-chloric, 337 

— hypochlorous, 334 

— hyponitrous, 379 

— hypophosphorous, 441 

— hypoBulplmric, 431 

— hyposulphurous, 430 
■— iatrophic, 955 

— igasuric, 1032 

— indigotic, 949 

— iodic, 342 

— iodic, hydrated, 343 

— iodo-sulphuric, 423 

— iodous, 342 
kinic, 1030 

— laccic, 940 

— lactic, 83, 1100, 1128 

— lampic, 1085 

— lichenic, 1014 

— malic, 1009 

— malasic, 1011 

— mangancsic, 634 

— manganic, 633 

— margaric, 962 

— margaritic, 965, mte 

— margarous, 9^>3 

— mcconic, 1021 

— melanic, 1174 

— mellitic, 984 

— menispermic, 1038 

— metagalUc, 928, 932, 933 
«— metameconic, 1021, 1022 
^ metaphosphoric, 445 

— molybdic, 709, 

— molybdous, 760 

— moroxylic, 1014 

— mucic, 897 

— muriatic, 360 

— — gaseous, 60 

— — liquid, 363 

— nanceic, 1128 

— nitric, 18, 297, 381 

— nitroleucic, 1184 

— nitro muriatic, 388 

— nitro-siilphuric, 808 

— nitrous, 19, 79, 380 

— ODnothionic, 1089 

— oleic, 964 

— osmic, 839 

— oxalic, 997 

— oxalvinic, 1101 

' — oxyprussic, 502 

— palmic, 965, note 

— paramalseic, 1011 

— paratartaric, 1065, note 

— pcctic, 896 

— - perchloric or oxychloric, 
339 

— periodic, 343 

— periodic, hydrated, 343 
•— permanganic, 635 


Acid, peniitrouB, 379 

— phocenic, 1187 

— phosphatic, 443 
phosphoric, 441, 443 

anhydrous, 443 

glacial, 444, 602 

hydrated, 444 

— phosphorous, 441 
hydrated, 451 

— phosphovinic, 1097 
*— pinic, 978 

— protcthionic, 1097 
•— prussic, 84, 504 

— purpuric, 1171 

— pyrocitric, 898, 1009 

— pyrogallic, 932 

— pyroligneous, 26, 1113 

— pyronmlic, 1011 

— pyromeconic, 898, 1023 

— pyromucic, 898 

— pyrophosphoric, 445 

— pjTotartarie, 990 

— pyrouric, 1170 

— racemic, 1062, 1065, 

note 

— ricinic, 955, 965, note 

— rocellic, 965, note 

— rosacic, 1172 

^ sebacic, 1186, note 

— scbic, 1186, fiote 

— sclcnic, 453, 455 

— selcnious, 454 
silicated fluoric, 857 
silicic, 854, 855, 859 

— silvic, 976 

— sorbic, 1009 

— stannic, 675 

— stearic, 960 

— strychnic, 1032, 1035 

— sul^ric, 1013 

— succinic, 979 

— sulphoadipic, 953 

— sulphocyanic, 607, 532 

— sulphomcthylic, 1127 

— sulidionaphthalic, 493 

— sulphosinapic, 956 

— sulphovinic, 1089, 1095 

— sulphuretted chynzic, 

607 

— sulphuric, 421 

anhydrous, 424 

fuming, 424 

glacial, 424 

— liquid, 424 

— — phlogisticated, 419 

— sulphurous, 419 

— tannic, 925, 927 

— tannouB? 928, mte 

— tartaric, 969 

— • telluric, 742 

hydrated, 743 

•— tellurouB, 742 

— titanic, 737 

— tritethiomc, 1097 

— tungstic, 779 

— ulmic, 923 


Acid, uranic, 733 

— uric, 1170 

— ' urobenzoic, 1179 

— valerianic, 965, note 

— vanadic, 776, 777 

— verdic, 1014 

— verdous, 1014 

— zumic, 1128 

— of ants, 1011 

— apples, 1009 

— cork, 1013 

— fat, 1186 

— grapes, 989 

— lemons, 1006 

— milk, 1151 

— sugar, 997 

— white mulberries, 1014 

— wood, 1113 

— vapours, wax lute for 

retention, 958 
Acidifying and acidifiablc 
substances, 318 
Acidula, 56 
Acids, adipose, 960 

— action of, on albumen, 

1139 

alcohol, 1077, 1080 

ether, 1086 

fibrin, 1143 

fixed oils, 963 

lignin, 919 , 

i — — metallic alloys, 533 

— — metals, 523, et seq. 

resins, 977 

starch, 911 

— — sugar, 902 

tannin, 928 

— discovered by Basil Va- 

lentine, 18 

— metallic, 523 

— peculiar, from soap, 959, 

965, mte 

— saponic, 960 

— vegetable, 989 to 1014 
Aconita, 1039 
Aconitum napellus, 1056 
Action, chemical, results of, 

211 

— voltaic, tested, 290 
Adamantine spar, 850 
Addamb on the sap of the 

rose-tree, 874, note 
Adipocerc, animal, 1134 

— mineral, 982 
Adipose acids, 960 

membrane, 1185 

Adjective colours, 934, note 
Adulteration of Epsom salts 

detected, G24 

AEpinus on electricity, 225 
Alfrated blood, 1196 
Atirial acid, 75, 467 

tests of, 76 

■’ - ' its elective attrac- 
tions, 75 

Alfrial noctiluca, 437 
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Aeriform bodies expand by 
beat, 124, 132 

fluids, Lavoisieroii,flfl 

Aerolites, remarks on, 692 
theory of their forma- 
tion, 412 

JEscultts hippooastanumy 1052 
^therioscope, 203 
Aetites, 642 
Affinity, 211 

— aggregative, 105 

— heterogeneous, 211 

— homogeneous, 105 

— chemical, 105, 211 
— Bergman on, 39 
— Bcrthollct on, 39 
— Dalton on, 41 

— Davy on, 102 
— Gay Lussacon, 41, 102 
— Geoffroy on, 38 
— Higgins on, 30 
— Mayow on, 36 
— Newton on, 38 
— Richter on, 40 
— Wollaston on, 102 

— affected perhaps by 
electrical powers, 211 

— affects colour, 213 

— aided by solution, 211 

— anomalous cases of, 215 

— axiom in, 212 

— * changes form and state, 
214 

— complex, 214 

— compounds produced 

by, 212 

— diminished by heat, 211 
' — double, diagrams of, 2 1 5 

— elective, 214 

— gases produced by, 214 

— how governed, 215 

— intense, evolves heat 

and light, 212 

— liquids produced by, 214 

— matter uiidestroyed by, 

212 

— neutralizes active bo- 
dies, and vicevers&j 214 

— opposed by aggregation, 
211 

— overcome by heat,, 123 

— results of,, 211 

— simple, 214 

— solids produced by, 214 

— — tables of, 214 

— theory of, 214 

•— of antimony for chlo- 
rine, 212 

— bases for sulphuricacid, 

214 

— copper for sulphur, 211 

— metals for oxygen, 535 
— - oxygen for nitrous gas, 

213 

— tartaric acid for carbo- 
nate of soda, 211 


See Atomic Theory and At- 
traction. 

Agaricus, 1055 
Agates, note 
Agedoitc,*1042 
Aggregation, attraction of, 1 05 

— results of, 105 

its effect on chemical 

attraction, 211 
Aoricola on mineral analy- 
sis, 73 

Aikin on leather, 1183 
— Rupert's drops, 866 
— soap, 959 

acetate of zinc, 1119 
Air, 400 

— Boerliaave on, 52 

— Cavendish on, 

— Priestley on, 63 

— absorbs heat, 151 

— absorption of, by metals, 

89 

— amelioration of, by vege- 

tation, 65 

— ancient notions regarding, 

67, note 

— a ponderous body, 400 

— balloon, 79 

— capacity of for heat, 151 

— chemical components of. 

411 

condensed, ignition in, 4 1 7 

— confined, a bad conductor 

of heat, 147 

— contained in water, 357 

— density of, affects elec- 

tricity, 243 

— dephlogisticated, 327 

' — deterioration of by com- 
bustion, 65 

— empyreal, 81 

— expansion of by heat, 141 

— — for various U^mpera- 

tures, 132 

— fixed, 55, 467 

— formation of nitric acid 

from, by electricity, 297 
— - gun, its discharge pro- 
duces cold, 151 

— heatetl, ascends, 134 

— ■ — discharges the voltaic 
battery, 296 

— ignition of, 205 

— imbibed by plants, 875 

— inflammable, heavy, 481 

— -—of marshes, 481 

— jars, 324 

— mechanical properties of, 

400 

— phlopstiCcated, 371 

— pistol, electrical, 348 

— proper heat of, for warm- 

ing, 135 

— pump described, 401 

— — experimentswith the, 

402 


Air pump gages, 403 
theory of its action, 402 

— rarefied, combustion in, 

412, 451 

— — conducts electricity, 

243 

— spoiled by combustion pu- 

rified, 65 

— sudden absorption of heat 

by, 151 

— supposed to be tho uni- 

versal dissolvent of in- 
flammable bodies, 32 

— thermometer, 41, 141 

— and fire damp, explosion 

of, 483 

— and fire, Scheele on, 81 
See Atmospheric air. 
Alabaster, derivation of the 

term, 599 

Albert of Cologne, 7 
Albertus Magnus, 7 
Albite, 861 

Albumen, animal, 1138, 1192 

action of acids on, ll40 

various agents on, 

1139 

an antidote for corro- 
sive sublimate, 1 142 

dried, 1138 

tests for, 1141 

of bone, 1192 

its analysis, 1138 

coagulation, 1138 

by acids, 1140 

alcohol, 1140 

electricity, 1138 

— ether, 1140 

heat, 1138 

kreosote, 987 

putrefaction, 1139 

solubility in ammo- 
nia, 1140 

sulphate, 1140 

vegetable, 915, 9 16,91 7 

varieties of, 917 

Albumino caseum, 917 
Alburnum, 871 
Alcannin, 938 
Alchemy, see Alchemy. 
Alchemist, see Alchymist. 
Alchymical apparatus, 5, 17 

notions of combustion, 

31 

poetry, 9, 16 

Alch}inists, elements of the, 
23 

Lord Bacon's character 

of the, 3 

■ their UeceitOj 10 

their notion of combus- 
tion, 31 

Albert of Cologne, 7 

Albertus Magnus, ^ 

Arnold of Villa Nova, 7 

Arphiutes, 6 
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Alchemists, Ashmole, 15 
Bacon, Roger, 6 

— Basil Valentine, 17 

Sir Kenelm, 11 

Elias the Artist, 11 

— Gebcr, 5 

— - Hclvetius, Dr., 10 

— Hermes, Trismegis- 
tU8,4 

John de Rupecissa, 6 

Isaac and John of Hol- 
land, 8 

Nicholas Flammel, 8 

Norton, Thomas, 15 

Paracelsus, 21 

Price, Dr., 16 

Raymond Lully, 7 

Ripley, George, 8 

Salmon, Dr., 8 

Van Helinont, 9, 23 

Woulfe, Peter, 16 

Alcbjiny, derivation of, 2; 
note 

history of, 4 

Alcohol, 1070 

a bihydratc of etherinc, 

1088 

absolute, 1070 

— boiling-point of, 1072 

1084 

composition of, 1079 

contraction by cold, 

1072 

expansibility of by 

heat, 1072 

latent heat of its 

vapour, 1072 , 

preparation of, 1070 

specific gr. of, 1071 

absolute, sp. gr, of 

its vapour, 1072 
— r- action of chlorine on, 
1105 

muriatic acid on, 

1105 

common sp, gr. of, I 07 I 

has never bwn frozen, 

1072 

pure, 1071 

resists congelation, 140 

slow combustion, 1116 

solubility of fixed oils 

in, ^54, 955, 956 

resins in, 977 

sulphuretted, 1078 

thermometers filled 

ivitli, 42, 140 

— — its afilnity for water, 

1072 

boiling-point, 1072 

change into acetic 

acid, 1109 

— combination with sa- 
line bodies, 1077 

combination with 

sulphur, 1078 


Alcohol, its combustion, 1077 

composition, table 

of, 1091 

concentration, 1071 

condensation of bulk 

by mixture with water, 

decomposition in va- 
rious ways, 1079 

discovery, 1070 

electro-chemical de- 
composition, 1079 , note 
evaporation, pro- 
duces cold, 1072 

existence in wines, 

1067 

expansion, 128 

fiamc, 1077 

fiamc coloured green 

by boracic acid, 511 

purjile by salts of 

strontia, 615 

^ red by salts of 

lithia, 589 

red by salts of 

lime, 605 

yellow by salts of 

bar}’ta, 614 

yellow by com- 
mon salt, 206 

habitudes with acids, 

1077 , 1080 , 

with alkalis, 1078 

with chloride of 

platinum, 1078 

with metals, 1078 

with sulphuric 

acid, 1080 

increase of strength 

by evaporation of water, 

1071 

infiammability, 1077 

— mixture with water, 

1073 

various specific 

gravities of, 1073 to 
1076 

passage arrested by 

membranes, I 07 I 
poisonous nature, 

1071 

proportion in differ- 
ent wines, 1068 
rectification by lime, 

1071 

slow combustion, 

207,1077 

solubility in ether, 

1087 

solution of phospho- 
rus, 1078 

ultimate elements, 

892 

uses in the arts,1078 

uses in the labora- 
tory, 1078 


Alcohol, its uses in therme- 
ineteib, 1072 

of sulphur, 608 

wood, 1125 

Alcoholates, 1077 
Alcoholic solution of chloride 
of strontia, 615 

iodine for medical use, 

340, noie 

soap, 959 

Aloarotti*s powder, 722 
Alizarine, 936 

" its preparation and pro- 
perties, 936 
Alkahest, 1 

Alkali, commercial value of, 
ascertained, 564 

— vegetable, 639, 561 

— volatile, or ammonia, 39 1 

— — obtained by Glau- 
ber, 25 

I Alkalis, action of, on alcohol, 
1078 

on ether, 1086 

on resin, 977 

— ^ attracted by cathod(*s, 
276 

bases of, discovered, 94 

causticity of, 54 

decompose chloride of 

silver, 803 

decomposition of, 93, 

278 * 

fixed, 523 

— their action on fixed 

oils, 953 

— and volatile, how 

distinguished, 392 

potassa and soda, how 

distinguished from each 
other, 572 

tests for, 71 

use of, as tests, 71 

Alkalifiable substances, 318 
Alkalimeters, 563 
Alkalimetry, 563 
precautions in perform- 
ing, 565, note 

sources of errors in, 

564 

— test-papers used in, 566 
Alkaline air, l^w produced, 66 

ashes of jpjauts, 563 

— r- bases, Divy on, 94 

— their action on tan- 
nin, 928 

— ttirtlig, 523 

gas, described by Priest- 
ley, 66 

pectates, 896 

Alkaloids, 1015 to 1041 

— remarks on their no- 
menclature, 1023, note 

Alkanet root, 938 
Allanite, 739 
AUantoic acid, 1165, note 
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AliRpico, 1060 

ALLBNand Pepys* 8 apparatus 
for tho combustion of 
the diamond, 469 
experiments on aque- 
ous vapour absorbed by 
charcoal, 461 

charcoal obtained 

from different woods, 
460 

— ■ combustion of the 

diamond, 467, 469 

respiration, 1 197 

Allium sativum^ 1049 
Alloys, action of acids on, 533 

— fusibility of, 533 

— general characters of, 
533 

— metallic, 532 

— table of, 533 

— oxidation of, 533 

— specific gravity of, 533 \ 

— of aluminum, 853 i 

— antimony, 726 | 

— arsenic, 757 i 

— bismuth, 732 ! 

— cadmium, 682 

— chromium, 775 

— cobalt, 688 

— coj^per, 708 j 

— - — analyzed, 708 1 

— gold, 818 ' 

— — specific gravity of, 
820 

— — and copper, pccu- ' 
liaritics of, 533 

— iron, 658 j 

— — and nickel, native, ' 

639 j 

— lead, 719 ! 

— — and rhodium, 836 | 

— mercury (amalgams), ' 

798 ! 

— nickel, 692 ! 

— osmium, 839 

— palladium, 835 ! 

— platinum, 832 | 

— potassium and anti- i 

inony, 726 i 

— rhodium, 837 

— silicium, 859 

— silver, 811'' 

— sodium llnd antimonv, 
726 

potassium, 587 

— Steel, 607, 632, 

837 

— tin, 679 

— zinc, 673 
Almond cake, 1058 
oil, 955 

Almonds, bitter, 971, 1058 

sweet, 971, 1058 

Aloe, bitter, 924 

Aloes, action of acids on, 925 

— — chlorine oii, 923 


Aloes, varieties of, 924 
Althein, 1024 
Alum, 851 

— ammonia, 849, 852 
— • burned, 852 

— dissected, 121 • 

— potash, 851 

— pyrophorus made from, 

852 

— soda, 852 

— its crystals, 851 
manufacture, 851 

— •— properties, 852 
sources, 861 

Alumina, 849 

native, 849 

pure, 849 

its acetate, 1123 

affinity for vegetable 

colouring-matter, 849, 
934, 937 

anhydrous sulphate, 

851 

benzoate, 977 

borate, 853 

chlorate, 850 

disilicatc, 861 

hydrate, 850 

hydrated suhphes- 

phatc, 853 

metaliic base, 848 

^ muriate, 850 

native combinations, 

850 

nitrate, 850 

oxalate, 1004 

— plinspliate, 853 

with lithia, 853 

preparation, 848 

properties, 84f> 

salts, general eha- 

ractors of, 853 

shrinkage bv heat, 

849 

silicate, 861 

solubility in acids, 

849 

in alkalies, 849 

spoeitie gravity, 848 

subnitr.ate, 851 

sulq)hospliate, 853 

sulphate, 851 

— with ammonia, 

,852 

— iron, 853 

potaaaa, 051 

ROila, 852 

tartrate, 997 

iises in the arts, 849 

varieties, 860 

Aluminates, 850 
Ahimino-fluoridcs of |>otas- 
sium, 850 

fluoride of sodium, 850 . 

Aluminous gems, 850 
slate, 851 


‘ Alumium, 848 
Aluminum, its alloys with 
iron and steel, 853 

its bromide, 860 

chloride, 850 

fluoride, 860 * 

iodide, 860 

oxide, 849 

phosphuret, 863 

preparation, 848 

properties, 848 

scleniuret, 853 

sesquioxide, 849 

sulphnrct, 851 

Alvine calculi, 1190 
Alyzarine, 1051 
Amalgam, first mentioned, 7; 
j note 

I electrical, 233 

! triple'of bismuth, lead, 

I and mercury, 799 

. of ammonia, 709 

arsenic, 799 

I barium, 605 

copper, 709 

. g'^ld, 820 

; magnesium, 619 

platinum, 832 

; potassium, 708 

; silver, 812 

sodium, 708 

! tin, 709 

; uses of, 700 

: zinc, 708 

Amalgamated zinc, for voltaic 
combinations, 290, mte 
Amber, 979 

— electricity of, 222 

— oil of, 979 

— succinic acid from, 979 
Ambergris, 1190 

! Ambligonite, 853 
' Amhrcie acid, 1190 
AmlmMiio, 1190 
, Amethyst, 855 
, Amide, 974 
i Amidiuc, 909 
; Amomum curcuma, 1049 

repem, 1058 

; zinziAer, 1049 

■ Ammogen, 1000 
I Ammolin, 1132 
! Ammonia, or volatile alkali, 

I 391 

; its absorption by char- 

i coal, 401 

eliloride of calr. 

ciiim, 392 

acetate, 116 

action on bromine, 

308 

the chlorides of. 

phosphorus, 448 

chloride of silr 

ver, 803 

metals, 627 

4 I 
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ilmmonia, its action on po- 
‘ tassium, 554 

amalgam, 799 

analysis, 394 

— — antimoniate, 722 

aqueous solution,393 

argentate, 892 

arscniate, 747 

— — arsenite, 746 

aspartate, 1042 

auratc, 817 

benzoate, 976 

biboratc, 511 

bicarbonate, 476 

bichromate, 769 

— bihydrofluate, 398 

bimalate, 1010 

bimolybdite, 761 

binarsL'iiiate, 747 

binoxalaU^, 999 

binurate, 1171 

biphosphatc, 446 

bistearate, 961 

bitartrate, 991 

borate, 51 1 

bromatc, 398 

butyrate, 1 153 

carbazotatc, 948 

carbonate, 475 

hydnittnl, 476 

carj'ophyllate, 971 

— caseate, 1156 

— — chlorate, 396 

chlorocarbonate,466 

chromate, 760 

citrate, 1007 

— cobaltate, 685 

columbatc, 783 

combinations with 

acids, 395 

— composition, dia- 
gram of, 304 

— condensation by 

pressure, 302 

cuprate, 701 

— decomposition by 

chloride of lime, 396 

decomposition by 

heat, 395 

— — density when in solu- 
tion, 393 

— — desiccation by po- 
tassa or lime, 302 

detonation with 

oxygen, 394 
- — ellcgate, 932 

— — ferrocyanate, 654 

— fluoborate, 513 

— — formiate, 1012 
hircat^, 1187 

-hydg^t086 

— hydrochlorate, 396 
— — — hydrocyanate, 607 

— — hydrofluate, 398 
— — — hydioBulphate, 436 


Ammonia, its hydrosulphu- 
ret, 435 

— action of on me- 

tallic solutions, 530 

— — hyponitrate, 398 
hypophosphite, 442 

— — indigotate, 950 

— — iodate, 398 

lichenatc, 1014 

margarate, 963 

— — mellitate, 984 

— — metallization, 374, 
799 

— — molybdate, 760, 761 
mucate, 897 

— — name, origin of, 397 

muriate, 396 

native, 397 

found in sea- 
water, 397 

— — nitrate, 399 

— anhydrous, 399 

— decomposition 

of, 399 

— evolves nitrous 

oxide, 374 , 399 

— — olcate, 964 

— — oxalate, 999 

— with copper, 1002 

— — phosphate, 446 

— renders fabrics 

incombustible, 446 * 

phosphuret, 452 

— — — pinate, 978 
— — — platinobichloridc, 
828 

— — production by the 
action of nitric acid up- 
on metals, 386 

from animal mat- 
ter, 1131 

coal, 83 

— — properties, 392 

purpurate, 1172 

salts decomposed at 

a moderate heat, 396 
sebate, 1186, note 

— — se8(|uicarbonatcf,476 
— ^ — silicofluate, 857 
silvate, 978 

— — solution- in water, 
392 

table of, 393 

stearate, 961 

— — stiyebnate, 1035 

— — 8uMuoborate,liquid, 
513 

— — — succinate, 980 

sulphate, 430 

crystallized on 

dirty windows, 412 

— native^ 430 

with alumina,852 

— — copper, 704 

nickel, 691 

sulphite, 421 


Ammonia, its sulphovinate, 
1095 

— supcrsulphate, 430 

synthesis, 395 

tartrate, 991, 997 

— with potaW,992 

tungstate, 780 

union with chloric 

acid, 396 

— — chlorine, 396 

— — cyanogen, 507 

— i^ine, 397 

muriatic acid, 

396 

— nitric acid, 399 

urate, II 7 I 

vaiiadiate, 776 

Ammoiiiacal gas, 391 

absorption by ehlorid«' 

of silver, 803 

of calcium, 593 

by sugar, 903 

action of sodium on, 576 

its specific gravity, 392 

Ammoiiiacal liquor of gas- 
works a source of am- 
moniacal salts, 430 

salts, 302 

solution of orpiment, 

764 

Ammonia, liquid, a bad con- 
ductor of * electricity, 
393 

decomposed by electri- 
city, 393 

its specific gravity, 393 

Ammoniac, sal, sources and 
uses, 397 

secret, 26 

Ammoniacum, 977, 

AmmontiB liquor of the phar- 
macopueia, 393 

subcarbotias, 476 

subcarhonatis liquor, 

476 

Ammoniated oxide of cobalt, 
685 

Ammonio - carbonate of co- 
balt, 687 

of magnesia, 028 

nickel, 690, 692 

silver, 809 

— yttria, 846 

chloride of calcium, 593 

— magnesium, 622 - 

molybdenum, 763 

hyposulphate of silver, 

808 

Ammonio-magnesian calculi, 

1177 

snbphosphate, 626 

muriato of iridium, 840 

iron, 643 

— • manganese, 636 

— platinum, 828 

nitrate of copper, 701 



Ammonio-nitratc of mag- 
nesia, 022 

nickel, 690 

uranium, 734 

oxalate of potassa, 

1000 

persulplubte of iron, 648 

— mercury, 706 

phosphate of magnesia, 

625 

soda, 583 

luagncsia, 625 

sesquichloride of phos- 

pliorus, 449 

sulphate of chromium, 

774 

cobalt, 687 

copper, 704 

— magnesia, 624 

manganese, 638 

nickel, 691 

potassa, 559 

soda, 582 

zinc, 671 

zirconia. 844 

sulphite of magnesia, 

623 

Ammonium, *799 

the hypothetical base of 

ammonia, 391, 'fioie 
Ammoniurct of mercury, 786 

oxide of copper, 701 

peroxide-of gold, 817 

phosphorus, 452 

silver, 802 

Amiiiotic acid, 1 165, note 
Amorphous alum dissected, 
107, 114, 121 
Amphibol, 860 
Amygdaline, 917j 071 
Amygdalus communis, 971, 
1058 

species of, contain prus- 
sic acid, 505 
Amylate of lead, 913 
Anagram of the composition 
of gunpowder, 7, note 
Aualcime, 861 

Analogy between electricity 
and lightning, hinted 
at by Grey, Wall, and 
Nollet, 246 
Analysis of air, 81, 86 
alloys of tin and cop- 
per, 709 

allspice, 1060 

aiitimonial compounds, 

727 , note 

barley and malt, 911 

beryl, 841 

bile, 1161 

blood, 1148 

brass, 708 

— cerebral substance, 
1190 

— ^ chloride of lime, 594 
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Analysis of eggs, 1189, note 

emerald, 841 

euclase, 841 

- — fruits, 877 

gallic acid, 931 

gaseous mixtures by 

spongy platinum, 353 
gases used for illumi- 
nation, 497 

gelatine, 1181 

glass, 867, note 

gluten, 918 i 

gooseberries, 1061 I 

grape and honev-sugar, ! 

906 

gum, 896 

gunpowder, 554 

harmotome, 614, note 

lignin, 921 

light, 181 

mineral waters, 70, 1205 i 

minerals, 73 

niucic acid, 898 

— oil, 1187 ; 

pears, 1061 

proximate principles of 

vegetables, 891 

rhubarb, 1046 

rye, 922 ; 

saliva, 1163 j 

sapofther«>se-trce, 874 j 

’ scrum, 1137 1 

sugar, 904, and note ib. I 

starch, 913 i 

tannin, 928 i 

triple sulphurct of load, • 

antimony, and copper, \ 
727 , note 

urea, 1169 

urine, 1167 

wheat, 922 

woods, 921 

igneous, 73 , 

ultimate, albumen, 1138 

of alcohol, 1079 

bees’ wax, 958 

cthal, 1188 

ether, 1087 j 

fixed oils, 953 

organic bodies, 882 

starch, 913 

Analytical chemistry, history 
of, 70 , 70 

improved by Bergman, 

70 

Aiiatasc, 736, 737 
Ancient elements, 23 

— Metals, symbols of, 515 
Andalusite, 861 

Andes, their temperature, 151 
Anecdotes regarding Woulfe 
the alchymist, 16 

Anelectrode, 209 

Anemone camphor, 1054 
— i puhatiUa and nemo- 
rosa, 1054 
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Ancmoiiia, 1054 
Angelica archungelioa, 1049 

root, 1049 

Angles of crystals, 108 
— — measured, 116 

trmicated, 108 

and edges of crystals 

truncat^, 108 
Angustura bark, 1052 

spurious, 1032, 1052 

Anhydrite, 599 
Anhydrc>us, derivation of the 
term, 109, note 

acetate of baryta, 1118 

soda, 1117 

acetic acid, 1115 

i arsenic acid, 746 

I asparagin, 1042 

aspartic acid, 1042 

benzoate of silver, 977 

benzoic acid, 975 

bisulphatc of soda, 581 

boracic acid, 511 

borax, 587 

, bromide of sodium, 675 

bnicia, 1034 

butyric acid, 1153 

— — camphoric acid, 969 

carbazotate of potassa, 

948 

capriu acid, 1154 

caproic acid, 1154 

carbonate of copper, 706 

chloride of barium, 607 

gold, 816 

manganese, 635 

citric acid, 1006 

I crystals, 109 

1 ellaglc acid, 932 

j formic acid, 1012 

! gallic acid, 931 

' 109, 599 

i liydroxalic acid, 1006 

lactic acid, 1129 

malceic acid, 1011 

margaric acid, 963 

metanieconie acid, 1022 

morphia, 1017 

muriate of morphia, 

1017 

— quiuia, 1028 

nitrate of ammonia, 399 

silver, 805 

olcate of potassa, 964 

oleic acid, 964 

oxalate of lime, 1001 

oxalic acid, 998 

oxide of sodium, 572 

peroxide of iron, 041 

persulphate of mercury, 

796 

phocenic acid, 1188 

phosphoric ocid^ 443 

poto^ 538 

protonitrate of mercury, 

792 
4 I 2 
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AnUydruus protosiilphate of 
iron, 647 

protoxule of tin, 674 

quiiiia, 1026 

racemic acjd, 1065, no/f. 

salts, 109, and no/^, ibid 

starch, 912 

stearic acid, 960 

succinic acid, 960 

sugar, 899 

sulphate of alumina, 

851 

cobalt, 686 

copper, 704 

lime, 109, 599 

magnesia, 624 

manganese, 636 

soda, 578 

zinc, 671 

sulphuric acid, 424,581 

from bisulplmtc of 

soda, 581 

hinniii, 928 

tartaric acid, 892, 990 

tartrate of potassa, 991 

Animal adijiocere, 1134 
charcoal, its prepara- 
tion, 462 

its use in sugar-re- 
fining, 900 

— — clioinistry, 1131 

electricity, 299 

extractive, 1143 

hit, 1185 

foo<l, nutritive matter, 

1184 

preservation of, 1 133 

functions, 1192 

heat, 1198 

jelly, 1180 

matters, action of nitric 

acid on, 386 

ammonia from, 1131 

change of into adi- 

poccre, 1134 

destructive distilla- 
tion of, 430, 1131 

dried, 1133 

effluvia from, 1134, 

1135, and note 

evolve ammonia, 395 

gaseous products 

friiki, 395, 1132 

influence of air on, 

1133 

moisture on, 1133 

temperature on, 1 132 

preservation of, by 

various agents, 1133 

putrefaction of, 1 132 

products, 1131 

oils, use of, in soap- 
making, 959 

reds, 939 

solids, 1131 

tor, 984, 1132 


Animal pi^rspiration, 1 197 

rtrspiraiion, 1197 

and vegetable oils, nii- 

nlogies of, 958 

blood of, 1147 

calculi of, 1179 

Animals, cold-blo(^ed, are 
delicate electroscopes, 
258 

effect of light on, 184 

excrements of, 1194 

killed by electricity, 

243 

killed and snffbojitcd by 

carbonic acid gas, 471 

muscle of, 1183 

solids of, 1131, 1180 

urine of, 1 179 

Animiii, 1132 

Anions, simplo and com- 
pound, 279 

Annealing of glass, 866 
Annihilation of the two elec- 
tricities, 241 
Annotto, 941 
Anode, 269 

Anomalous cases of affinity, 
215 

ex}>anston of water, 43, 

note^ 129 

Ansklmino on human sweat, 
note * 

Anthem is nobilis^ 1057 
Anthemis pyrethrum^ 1049 
Anthracite, 463 
Antidote for poisoning by 
baryiia, 614 

by oxalic acid, 998 

Aiitimoiiial powder, 72^"’ 

silver, 807 

Aiitimoiiiate of ammonia, ^22 

potassa, 722 

silver, 811 

Antimonic acid, 721 
Aiitimonite of potassa, 721 
Autimoiiious acid, 721 
Antimony, 720 
aigeutiuo flowers of, 

721 

butter of, 722 

colours glass, 868 

* diaphoretic, 722 

glass of, 723 

its purity tested, 723 

golden sulphur of, 724 

liver of, 724 

made known by Basil 

Valentine, 720 

native, 720 

— origin of its name, 21^ 

note 

pure, how obtained, 720 

pyrophoric, 996 

radiated, 720 

red, 725 

saffron of, 724 


Antimony, triumphant eha- 
jiot of, 18 

its aeetaU^, 1 122 

active oxide, 721 

alloy with sodium 

and potassium, 726 

alloys, 726 

arsciiiate, 751 

benzoate, 976 

bisulphuret, 724 

bromide, 723 

certain prepara- 
tions, 726 

clilorate, 723 

chlorides, 722 

chromate, 772 

citrate?, 1009 

compounds, aiialy- 

sis of, 727, note 

compounds before 

the blowpipe, 728 

deutoxide, 721 

— — hydrated, 721 

iodide, 723 

nitrate, 723 

ores, 720 

oxalate, 1003 

oxide hydrosiili»hu- 

retted, 724 

oxide sulphuri?tted, 

725 

oxides, J20 

perdiloride, 722 

peroxhh;, 721 

persulphuret, 724 

phosphate, 725 

phospliUret, 725 

— protochloridc, 722 

protoxidi.', 721 

prop<Ttu.s, 720 

salts, geiK'ral cha- 
racters of, 728 

Bt;srpiichloride, 722 

sesquiflunride, 723 

8esquioxi<le, 721 

fM'Hquisiilphuret, 723 

— specific gravity, 720 

siihsulphate, 725 

sulphate, 725 

sulphite, 725 

siilphuret, 720, 723 

supersulpliate, 725 

taunate, 929 

tartrate, 995 

with potassa, 9!)6 

silver, 997 

triple Hiilpliiiret with 

lead and copper ana- 
lyzed, 727) 

Antikori uhtiiiiis the mag- 
netic spark, 315 
Antiphlogistic system, 84 
Antiseptic powers of curhonie 
acid gas, 473 

kreoHote, 987 

Ants, odd of, 1011 
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Apartments, warming anil 
ventilation of, 134 
Apatite, 601 
Apophyllite, 860, Tiote 
Aposepedin, 1156 
Apothbcarius* Hall, labora- 
tories of, heated by 
steam, 166 

Apparatus, chemical, 17, 323 

ancient, 17 

for boiling ill vacuo, 163 

collecting gases of sp. 

gr. different from air, 
334 

experiments on chlo- 
rine, 334 

gases, 323, 326 

pyroligneous acid, 

1113 

for the combustion of 

tlie diamond, 468 

decomposition of 

ammonia, 305 

nitrous oxide, 

377 

water, 354 

— destructive distilla- 
tion of vegetable bodies, 
881 

hltration of liquor 

potaasa?, 540 

magnetic spark, 315* 

preparation of aqu<^- 

ous solution of carbonic 
acid, 472 

hydrogen, 340 

— — hydrosulpluiret j 

of ammonia, 436 | 

niuriiitie and ni- 
tric acids, 364, 383 I 

nitrogen, 372 

peroxide of chlo- 

riiK', 337) noie 

potassium, 535 

production of ether, 

1081 

water from its 

elements, 351, 352 

ultimate analysis of 

organic bodies, 882, 887 

electro-magnetic, 311 

galvanic, 263 

Glauber’s, 26 

Hales’s, 47 

hydro-pneumatic, 63, 

323 

mercurio-pneumatic, 

326 

Nooth’s, 472 

pneumatic, 323 

Priestley’s, 63 

Woulfe’s, 363 

Appbrt on preserving food, 
1133 

Apple jelly, 1061 
Apples, 1061 


Apples, acid of, 1000 

— pulp of, formation of 

su^r in, 910, note 
Applicatioii, practical, of the 
atomic theory, 220 
Ashmols, Elias, 15 
Aqua-fortis, 19 

its preparation at 

Apothecaries’ Hall, 383 

— phagedmuica, 700 

— regia, 5 

. (nitro-muriati(‘ acid) 

388 

— sapphirina, 701 
Aquatic plants evolve oxygen, 

65, 875 

Aqueous solution of carbonic 
acid, 472 

chlorine, 333 

cuchloriiie, 336 

iodine, 341 

sulphnrouB acid, 420 

vapour absorbed by 

charcoal, 461 

absorbed by gases, 

table of, 404 

constitution of, 357 

Aqnila miligatay 786 
A(iiUNAS, Thomas, 7> 

Arago, on refractive powers, 

177 

— on the temperature of i 
steam, 164 
^4r^ior 805 

Arbutm uva wrsi, 1057 
A rc of Hanic, voltaic, 2<>9 
Arcanum cornllinum^ 794 

duplicalumy 558 

Archil, 938 

its uses ill dyeing and 

staining marble, 938, 
9il9, note 

Arctic regions, intense cold 
of the, 147 
Ardent spirit, 1067 
Arfwkdson on lithium, 688 

maiigancsi?, 632 et seq. 

sulphurct of manga- 
nese, 636 

sulphuret of nickel, 690 

sulphuret of zinc, 670 

uraninm, 732 

Argoud burner, its action, 

207 

Argonta, 523 

Argcntatc of ammonia, 802 
Argentiferous sulphuret of 
load, 801 

Argontiue flowers of anti- 
mony, 721 

Argentx nitras^ 805 
Argcnto-cyanatc of potassa, 
811 

cyanic acid, 811 

cyanuret of potassium, 

809 


Argento-cyaimrets, 809 
Argentum vivttm, 784 
Argillaceous iron-stone, 661 
Argol, 991 
Aricina, lOJS 

action of nitric acid on, 

103(7 

its preparation and pro- 

, perties, 1029 

sulphate, 1029 

Aristolochia serpentaria, 1049 
Arnica montana, 1057 
Arnold of Villa Nova, 7 
— discovers alcohol, 

1070 

Arragonite, (K)3 
Arrangement, chemical, its 
great importance, 105 
of elements and com- 
pounds, 317) 319 
Arrow-root, 1051 
Arseniatc of ammonia, 747 

antimony, 751 

baryta, 749 

bismuth, 751 

cinchonia, 1025 

— — cobalt, 751 

copper, 750 

native, 750 

iron, 750 

— r- — native, 750 

lead, 751 

lime, 749 

inagnesi.a, 750 

manganese, 750 

mercurv, 788 

nickel, 751 

potassa, 748 

qiiinia, 1029 

silver, 81 1 

soda, 748 

strontia, 749 

tin, 750 

iirnninm, 751 

zinc, 75() 

Arsoniates, habitudes of, 747 
and arson ites, charac- 
ters of, 751 
Arsenic, 744 

Arsenic, acids of, 744, 746 

butter of, 752 

native, 744 

sulphate of^pper a 

test of, 758 

sulphuretted hydrogen 

a test for, 758 

tests for, directions for 

using, 758 

Voltaic electricity a test 

for, 769 

Arsenic, white, 7^4 

, tests for, 758 

, its poiMnous na- 
ture, 746 

, specific gravity, 745 

Arsenic, its acids, 744, 746 
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Arsenic, its alloys, 

— amalmm, T!9& 

bromide, 752 

— chloride, 752 

— combinations, cha- 
racters of, 751 

—comiwimds, action of 

the blowpipe on, 

fluoride, 752 

— garlic smell, 7*14, 

758 

habitudes with alka- 
lies, earths, and oils, 
757, note 

' hydruret, 753, 734 

iodide, 752 

oxides, 744, 748 

pcrsulpliuret, 755 

phosphurct, 757 

poisonous nature, 

744, 759 

preparation, 744 

properties, 744 

protosulphuret, 754 

red sulphuret, 754 

seloniuret, 757 

s^'paration from 

other metals, 757 

sesquifluoride, 752 

Si'squiaulpliurct, 754 

sources, 744 

specific gravity, 744 

steel-coloured subli- 
mate, 744, 758 

sulphurets, 754 

sulphuret with iron, 

757 

vapour, peculiar 

odour of, 744 

— ■ volatility, 744 

yellow sulphuret, 

754 

Arsenic acid, anhydrous, 746 

hydrated, 747 

its solubility, 746 

specifle gravity, 746 

Arsenical combinations, tests 
for, 758 

pyrites, 757 

Arsenio persulphurets, 756, 
and note, ibid. 

protosulphuret of po- 
tassium, 756 

protosulphuret of so- 
dium, 756 

protosulphurcts, 756 

sesquisulpliurcts, 756 

sulphurets, 755, and 

note, ibid. 

Arsenious acid, 744 

inodorous, 745 

hrsts for, 746, 758 

treatment in case of 

poisoning V>y, 745 

its composition, 746 

properties, 745 


Arsenious acid, its solubility, 

745 

sources, 744 

j sublimation, 745 

I union with bases, 

746 

Arsenite of ammonia, 746 

copjier, (Schecle’s 

grtHMi,) 83 

lt*ad, 746 

lime, 746 

potassa, 746 

silver, 759, 811 

Arsenites, characters of, 746 
Arseiuiretted hydrogen gas, 

753 

tests of its presence, 

753 

its decomposition, 753 

poisonous nature, 

733 

preparation, 753 

specific gravity, 754 

Artemisia ahsynthium, 1054 

santonica, 1057 

Artkphius, 6 

Arterial blood, 1146, 1196 

Artifical bitter, 925 

camphor, 966, 970 

cold, how’ produced, 154 

gems, 868 

magnets, how made, 

303, and note, ibid. 

medicated waters, 70 

minerals, their produc- 
tion, 660, note 

production of marble, 

605 

tannin, 927, note 

Artillery, when first used 
with effect, 7 
Arum maculatum, 1054 
Arundo saccharifera, 898 
Asarin, 1049 
Asarum europmtm, 1049 
Asbestos, 629 

Ascent in a balloon, first, 79 

of heated air, 134 

Asparagin, 1042 

anhydrous, 1042 

Asparagus, 1055 

active principle of, 

1042 

qgicinalis, 1065 

stone, 601 

Aspartate of ammonia, 1042 
Aspartic acid, 1042 
Asphaltum, 982 
AspidiumJUis mat, 1049 

Astragalw tragacantha, 894 
Astringent matter, 925 
Assafeetida, 977 
Assay of gold, 812 

silver, 812 

Assaying, process of, 812, and 
note ibid., 813, 820 


Asses* milk, 1158 
Atacamitc, 699 
Atlianor funuice, Woulfe’s, 1 7 
Atmosphere, Boyle develops 
the laws of its compres- 
sion, 402 

Cavendish obtains ni- 
tric acid from, 381 
— — - Dalton on its aqueous 
vapour, 406 

Faraday on its aqueous 

vapour at given tem»>e- 
ratures, 405 

— — Faraday’s manipula- 
tions for deteniiining 
its s[>ecific gravity, 403 

Galileo detects its 

weight, 400 

Henry’s directions for 

taking its specific gra- 
vity, 403 

Mariottc investigatos 

the laws of its compres- 
sion, 402 

Oersted investigates its 

habitudes under high 
pressure, 402 

Paschal proves its pres- 
sure by the barometer, 
400 

Torricelli measures its 

weight, 401 

Ure on its aqueous 

vapour, 406 

its composition, 80,407, 

411 

mean density, 401 

mechanical proper- 
ties shown by the air- 
pump, 401 

physical properties, 

400 

positive electrical 

state, 257 

presBuro per square 

inch of surface, 400 

salubrity affected by 

extraneous mattcrs,4 1 3 

salubrity tested, 408 

seleniuretted hydrogen 

occasionally present in, 
457 

Atmospheric air, 400 

action of flowers and 

fruits on, 877 

— — at all heights and 
depths preserves the 
same relations to com- 
bustion, 417 

a mixture of oxygen and 

nitrogen, 407, 411 

combustion in, 414 

rarefied, 414 

contains aqueous Va- 
pour, 410 

— carbonic acid, 410 
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Atmospheric air, gases mixed 
with, influence its power 
of sup^rtiugflame, 416 

]«avoi8ier*s experiments' 

on, 410, Wile 

not a chemical com- 
pound, but a gaseous 
miaiture, 407, 41 1 
relative bulk of its com- 
ponent gases, 411 
its accidental ingre- 
dients, 412 

analysis, 407 

by detonation, 408 

by spongy platinum, 

406 

by 8ul])luiret of po- 
tassium, 407 

from different 

sources, 410, nole 

aqueous va[)Our subject 

to variation, 411 

composition, 407 

diagram of, 411 

compression, 402 

contamination with acid 

and alkaline matters, 
412 

with infectious mat- 
ter, 413 

with selenium, 413 

elasticity, 402 * 

enormous bulk probably 

the cause of its constant 
composition, 413 
extraneous niatter8,4 12 

— finite extent, 412 
liquefaction doubtful, 

402 

local contamination,4 12 

mean density, 401 

— mechanical properties, 
400 

ponderous nature, 400 

pressure, 400 

table of, 401 

production of epidemics 

referable to^ntaiiiing 
selenium, 4ln 

renovation by leaves of 

plants, 870 

specific gravity, 403 

temperature diminishes 

in proportion to its 
height, 415, note 
miiformity of composi- 
tion, 410, nole 

variation in sp. gr. in 

1832; 413 

weight 8usi)ected by 

Galileo, 400 

weight further proved 

by Torricelli and Pas- 
chal, 400 

Atmospherical electricity, 
246, 253, 255 
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Atmospherical electricity, 
death by, 249 
Atomic theory, 216 

Dalton on, 41 

Davy on, 102 

Gay Lussac on, 41, 102 
Higgins on, 40 

Richter on, 40 

Wollaston on, 102 

examples of, 216 

exemplified by the com- 
position of the oxides 
of mercury, 216 ; oxides 
of iron, 216; water, 
muriatic acid, and com- 
pounds of oxygen and 
nitrogen, 2 17 ; sulphate 
of baryta, chloride of 
sodium, decomposition 
of nitrate of baryta, 
and use of the sliding 
rule, 218; magnesium, 
and expulsion of oxygen 
from lime, 219 
Atomic theory, hydrogen or 
oxygen as unity, 220 

its practical applica- 

tionsand simplicity ,220 
Atomic weights how deter- 
mined, 220 

logometric scale of, 

218 

Ttatio of, 216 

relation of to vo- 
lumes, 271 

table of, 218 

Atropa belladonna, 105? 
Atropio, 1036 

its preparation and pro- 
perties, 1036 
Attraction, 105 

capillary, 106 

chemical, 211 

Bergman on, 39 

Berthollet on, 3J> 

Dalton on, 102 

Davy on, 102 

Gay Lussac on, 41, 

102 

Gwffroy on, 38- 

Higgins on, 40 

Mayow on, 36 

Newton on, 38 

Richti^r on, 40 

WoUasbm on, 102 

tables of, 214 

cohesive, 105 

degrees of, 105 

elective, 39 

electrical, 222 

elcctro-magnetic, 308 

gravitative, 105 

heterogeneous, 211 

honiogeneoiis, 106 

magnetic, 303 

of aggregation, 105 


Attraction of compositloii, 211 

crystallization, 107 

Clemente by electricity, 

269,272,a^aa9. ' 

— gravitation, 105 

solids for liquids, 106 

liquids and gases, 

106 

restrained by inertia, 

160 

sensible and insensible, 

distances of, 105 

simple, 216 

texture influenced by, 

105 

Augite, 860 
Aura, electrical, 238 
Auratc of ammonia, 817 
Aunpigmentum, 705 
Aiiro-chloridcs, 818 
Aurora Borealis, an electrical 
phenomenon, 254 

Dalton on, 255 

Parry on, 255 

I Aurum musivum,ii'38 
Autenrikth forms bread 
from beech-wooil, 920 
Automatite, 673 
Avanturliie, 855, note 
Axinite, 861 
Azote, 86, 371 

described by Mayow, 86 

gaseous oxide of, 374 

Azotic gas, 86 
See Nitrogen. 

Azulmic acid, 023 
Azure, 688 

Babington, Dr., his im- 
provement of the vol- 
taic battery, 266 

on the blot^, 1 137 

Bacon, Loro Francis, 3 

— his belief in alchymy, 4 

— his character of a com- 

petent inquirer into na- 
tural causes, 3 

— his character of the al- 

chymists, 3 

— his instauration of .tho 

sciences, 24 

— his works^ 6 

— just estimate of^ 24 
— Rookr, 6 

— discovery of gunpowder 

attributed to, 7 

— his works, 6 

— Loro and Rogir, com- 
pai'cd, 6 

Badams on dichBomate of 

lead, 772 

Bad conductors of heat, 143 
Bakerian lecture celebrated 
by Sir H. Davy, 03 
Balance, electrical, 230 
specific gravity, 263 
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Balance wheels of clocks and 
watches affected by 
heat, 128 

Balard (Covers Bromine, 
344 

on hroiniite of baryta, 

608 

bromide of gold, 818 

phosphorus, 448 

hydrobromide of car- 

ion, 486 

peroxide of chlorine, 

337, note 

DALbAssARi on native sul- 
phuric acid, 430 
Baldwin’s phosphorus, 597 
Bui loon, 79 

its history, 79 

first ascent in a, 79 

Gay Lussac’s ascent in 

. a, 80 

hydrogen, made by Ca- 

vallo, 79 

Balloons filled with hydro- 
gen, 350 
Balm, 1056 

— tea, 1056 
Balsam of sulphur, 953 
Balsams, 974 

Bancroft, on quercitron bark, 
941 

Bandana handkerchiefs, dye- 
• ing of, 935, note 
Bar, on mezereon, 1052 
Barberry root, 1049 
Barilla, its commercial value 
ascertained, 564 
Barium, 605 

discovered by Davy, 605 

its amalgam, 605 

borofiuoride, 614 

bromide, 608 

chloride, 606 

anhydrous, 607 

cr}'8tallized, 607 

cyanuret, 613 

ferrocyanuret, 655 

ferrosesquicyanuret, 

656 

fluoride, 608 

iodide, 607 

QAidC) 606 

peroxide, 358, 606 

hydrated, 606 

phosphuret, 612,441 

platino-bichloiidc, 

829 

properties, 605 

protoxide 358, 606 

silico-floi&ide, 858 

sulphpcyanuret, 614 

sulphuret, 609 

Bark, extract of, 1052 

— of planti^ 871 

— quercitron, 941 
Barks, l05iS 


Barks, average quantity of 
tannin in, 926 

Barley, malted and umnalted, 
aual^'sis of, 911, mte 
Barlow, on magnetism, 307 
Bar nuigucts, 305 
Barometer, depression of, dur- 
ing a balloon ascent, 80 

described, 400 

fluctiuitions of, by at- 

mospherlcpressuro, 401 
measurement of acces- 
sible heights by, 400 

mountain, 400 

standard height of, 159 

Barometers, water, 401, note 
Bai*oselenite, 611 
Barry’s apparatus for boiling 
in Viicuo, 163 
Bars, compensation, 128 
— of metal, compound, their 
expansion by heat, 127 
Bartholomew Schwartz, 
discovery of gunpowder 
attributed to, 7 
Baruel on blood, 1146 
Bury a, 606 
Baryta, 606 

derivation of the term, 

606 

its acetate, 1117 

a<[ueous solution, or 

barytu-water, 606 

a test for carbonic 

acid, 606 

arseniate, 749 

benzoate, 976 

bicitrate, 1008 

binarseniate, 749 

binoxalate, 1002 

biphosphate, 612 

biselcnite, 613 

bitartrati^, 994 

borate, 614 

bruinate, 346, 608 

butyrate, 1 153 

caprate, 1154 

caproate, 1 154 

carbazotate, 949 

carbonate, 606, 613 

native, 613 

poisouous nature 

of, 613 

chlorate, 607 

chromate, 771 

citrate, 1008 

columl^te, 783 

— ^ cyonate, 614 

decomposition by 

electricity, 605 

distinction from stron- 

tia, 619 

etherophospliatc, 

1098 

existence in a mine- 
ral, 614, note 


Bar}iA, its formiate, 1013 
— — fulminate, 798 

— hircate, 1187 

hydrate, 606 

crystallized, 600 

hypophosphite, 612 

hyposulphate, 431, 

610 

hyposulphite, 609 

indigotate, 950 

iudate, 608 

metallic base, 605 

molybdate, 762 

nitrate, 606, 608 

ciy'stallizud, 608 

olqate, 964 

oxalate, 1001 

oxalviuate, 1101 

phoceiiate, 1188 

phosphate, 612 

phospliite, 612 

platuiate, 829 

poisonous nature, 606 

purimKite, 1172 

quatcr-hydrated hy- 

pusulphate, 610 

s;\lts, tlieir general 

characters, 614 
generally poison- 
ous, 614 

sekuite,»613 

' seleniate, 613 

sc8quiphosphate,612 

silicate, 860 

sources, 606, 608 

sUuirate, 961 

strychiiate, 1035 

subsesquiarseniaU*, 

749 

succinate, 980 

sulphate, 424, 610 

native phospho- 
rescent, 198 

decomposed by 

electricity, 277 

sulphite*, 609 

Bulpiioiiaphtlialate, 

494 

sulphovinate, 1096 

tonuatc, 929 

tartrate, 994 

tellurdte, 743 

tungstate, 780 

urate, 1171 

weight, 606 

water, 606 

Barytio harmotome, 861 
Baryto-sulphatc of struiitin, 
618 

Bases, afliuitv of, for sulphu- 
ric acid, 214 

— alkaline, 88 

— saliflable, Lavoisier on, 88 

— vegetable, saliflable, 1015 
Basil Valentine discovers 

siweral acids, 18 
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Bastard sugar, 901 
Datli metallic, for tempering 
steel, 666 

Battery, electrical, 243 

Voltaic, 268 

Babiiigton*s, 266 

Children’s, 270 

DanicU’s, 293 

Fepys’8calorimotor,264 

Wollaston’s, 267 

of the London Institu- 
tion, 269 

of the Royal Institu- 
tion, 269 

^jonstant, 294 

dissficted, 293 

electro-polar state of, 

268 

liglit of its discliaige, 

206 

theory of, 289 

See Voltaic electricity. 
Baumk's hydrometer, degrees 
of, compared with actual 
specific gravities, 1076 
Baup on sulphate of cincho- 
nia, 1025 
Bay s<alt, 573 
Bean shot copper, 703 
Becciier, 33 

his Physica Subterra- 

iictVj 33 

idea of material ele- 
ments, 1^3 

list of his works, 33 

Beech -nut oil, 956 
Beer, 1063 
Bees’-wax, 957 

bleacliing of, 957, note 

Beet-root, 905, 922, 1049 
Beet sugar, 905 
Beguin on calomel, 786 

sulphuretted spirit, 435 

Jfeliadonna, extract of, 1057 
^ Bellani on the fixity of sul- 
phuric acid, 422 
Bell-metal, 709 
Bolls, chime of, electrical, 237 
Ben, oil of, 956 
Bengal, ice, how obtained in, 
203 

Benmst's gold-leaf^ clcctro- 
iiK tcr, 229 

electrical doubler, 246 

Beiizaniide, 973 
Benzine, 974 
Benzoate of alumina, 977 

ammonia, 976 

antimony, 976 

baryta, 976 

bismuth, 976 

cobalt, 976 

copper, 976 

iron, 076 

lead, 076 

lime, 976 


Benzoate of magnesia, 976 

manganese, 976 

mercury, 976 

pickel, 976 

potassa, 976 

silver, 977 

soda, 976 

strontia, 976 

tin, 976 ‘ 

— uranium, 976 

zinc, 976 

Benzoates, 976 
Benzoic acid, 974 

anhydrous, 975 

crystallized, 975 

obtained from urine, 

975, 1179 

quantity of, oldaincd 

from benzoin, 975 

sources and properties 

of, 974 , 975 , and ». ib. 

specific gravity of its 

vapour, 975 

sublimation of, 111, 975 

Benzoic ether, 1103 
Benzoin, flowers of, 974 
Beiizule, 972 i 

its chloride, 972 j 

cyanurct, 973 

hydruret, 072 

iodide, 973 

^ sulphuret, 973 

Berakd on bicurhonatc of 
potassiv, 567 

fruits, 877> 1961 

oU, 1187 

the spoctrum, 185 

. and Dblar(x:he on spe- 
cific heat, 149 
Berheris vulgaris^ 1049 
BergamOy marbre di, 599 
Bergman, 1, 9, 39, 69 

his aiialy'sis of mineral 

waters, 79, 1211 
opinion of transmuta- 
tion, 9 

analytical chemistry in- 

venteil by, 69 

on aerial acid, 75 

carbonate of magnesia, 

627 

carbonates of potash, 

561 

carbonic acid, 75 

chemical affinity, 39 

— analysis, 79 

— attraction, 75 

on crystallization, 114 

elective attraction, 75 

fulminating gold, 817 

igneous analysis, 73 

mineral waters, 79 

nitrate of lime, 697 

oxalic ether, 1190 

rc-agents and prcci- 

pitants, 79 ' 


Bergman on sulphuret of an- 
timony, 724 

sulphate of lime, 599 

tests, 70 

Bcrilliiim, 841 
Bertiiirr, on arseniate of 
nickel, 751 

cobalt, 684 

phosphate of leatl, 717 

sulphate of lead, 717 

— nickel, 691 

sulphuret of manga- 
nese, 636 

Berthollet, his chemical 
statics, 39 

discovers fulminating 

silver, 802 

on attraction, 39 

clilorate of potassa as 

a substitute for nitre in 
gtnipowder, 643 

chlorine, 83 

oxyprussic acid, 502 

sugar, 904 

Berthoud on exponsioit by 
! heat, 125 
Beryl contains glncina, 841 

— its analysis, 841 
Berzelius on acetates, 1117 

— of lead, 1122 

acetic acid, 1109 

on albumen, 1139 

alcohol vapour, 1072 

ammonia, 391, note 

ammonio-phosphate of 

magnesia, 626 

antimony, 720, et seq, 

arsenic, * 743 , 745, 758 

acid, 747 

arseiiious acid, 746 

annim inmivuniy 679 

baryta, 606 

bile, 1159 et seq» 

bismuth, 730, 731 

bisulphuret of carbon,.. 

509 

blood, 1137, 1145 

borate of baryta, 614 

carbonate of baryta, 613 

magnesia, 627 

cerumen, 1 191 

chemical symbols, 

— citrate of soda, 1008 

columbium, 782 

cyanuret of iron, 651 

ether, 1087 

fibrin, 1144 

fluoride of barium, 608 

— ti|pnium, 738 

fulminating silver, 810 

gahuite, 6^ 

gelatine, 1182 

gluten, 916 

glycyrrhizin, 907 

gum, 896 

haloide salts, 524, note 
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Bsrzblius on hydrogen, 349 

hyponitrit^ 380 

Iceland moss, 1066 

hidigo, 944 

instantaneous light 

matches, 644 

lithia, 689 

magnesia, 620, 622 

manganese, 632, 633, 

637, 638 

margaric acid, 963 

mead, 1066 

metals, 634, note 

mineral waters, 1212 

molybdenum, 761 

muriate of iron, 643 

nitrate of baryta, 609 

soda, 576 note 

nitrogen, 372 

oxalate of molybdenum, 

1004 

osmium, 838 

oxide of iron, 640, 641 

lead, 712 

tin, 675 

palladium, 834 

paratartaric acid, 1065, 

note 

perchloride of chro- 
mium, 773 

peroxide of chlorine, 

337, note 

— vanadium, 776 

of magnesia, 626 

phosphates of baryta, 

612 

phosphuret of ammonia, 

462 

pinus sylvestrisy 1062 

platinum, 827 

potassa, 538 

Prussian blue, 658 

p^Toligneous acid, 1113 

salts of copper, 697, et 

seq. 

lead, 717 et seq. 

selenite of lime, 602 

selenium, 453 

seleniuretted hydrogen, 

467 

silica and its separation 

from manganese,* 632, 
note 

on silicium, 863 

starch, 913 

strontia, 616, 617 

subnitoate of copper, 

701 

Bugar, 002 

sulphate of baryta, 61 1 

of iron, 647 

lead, 717 

maj^csia, 624 

sulphurct of arsenic, 

755 , and note ibid 
iron, 645 


Bsrzblius on sulphurct of 
strontium, 617 

tellurium, 742 

testing for arsenic, 768 

thorinum, 847 

trisacetate of copper, 

1121 

tungsten, 780 

uranium, 733 

yttria, 846 

zirconium, 842 

Bbsnier expelled for using 
antimony, 22 

Beta vtilgarisy 906, 922, 1049 
Beurr^ pears, 1061 
Bezoar mineral, 722 

stones, 1190 

Bibenzoate of bismuth, 976 
Biboratc of ammonia, 512 
Bicarbonate of ammonia, 476 

lithia, 590 

magnesia, 627 

lM)ta88a, 567 

its preparation on 

the large scale, 567 
— soda, 586 

its manufacture, 586 

Bicarburot of hydrogen, 487 
' — its sources and pro- 
perties, 487 

nitrogen, 499 ^ 

Bicarburetted hydrogen, its* 
absorption by charcoal, 
461 

Bichloride of iridium, 840 

mercury, 789 

molybdenum, 763 

osmium, 839 

palladium, 835 

Bichromate of ammonia, 769 

potassa, 770 

chloride of potassium, 

770 

Bicitrate of baryta, 1008 

iron, 1008 

Bicyanuret of mercury, 796 
Biduoride of molyMenum, 
763 

Bifulniinatc of silver, 81 1 
Bihydrate of etheriiie, 1088 

indigo, 946 

methylene, 1126 

Bihydrocarbon, 483, 490 
Bihydmguret of carbon, 481 

its analysis, 481 

combustibility, 

482 

— affected by 

other gases, 483 
explosion, degree 

of beat requisite for, 482 

—with air, 483, 

note 

— sources, 481 

specific gravity, 

481 


Bile, 1169 

— action of various agents 

on, 1160 

— analysis of, 1161 

— calculi of, 1162 

— composition of, 1161 

— inspissated, 1162 

— peculiar matter in, 1160 

— resin of, 1161 
Biliary calculi, 1162 
Bimalate of ammonia, 1010 

lime, 1011 

Bimargarate of potassa, 963 
Bimeconute of lime, 1021 
Bimolybdate of ammonia, 761 
T potassa, 762 

soda, 762 

Binarseniatc of ammonia, 747 

baryta, 749 

hydrated, 749 

potassa, 748 

soda, 748 

Biiiiodideof molybdenum, 763 
Binhydrosulphate of hydn)- 
carbon, 1108 
Biniodab^ of )>otas8a, 547 
Binolcate of potassa, 964 
Binoxalate of ammonia, 999 

baryta, 1002 

lithia, 1001 

potassii, lOQO 

— soda, 1000 
Biuoxidc of lead, 712 

molybdenum, 760 

osmium, 839 

palladium, 834 

Binurate of ammonia, 11 71 

lime, 1171 

Biot on refractive powers, 

177 

— on the superficial accu- 

mulation of olcctricity, 
236 

— on the union of hydrogen 

and oxygen by com- 
pression, 352 

— and Arago on refractive 

power, 177 

— and Gay Lussac, their 

balloon-ascent, 80 
Biphosphate of baryta, 612 

lead, 718 

lithia, 690 

potassa, 561 

soda, 683 

Biphosphite of lime, 600 
Biphosphurct of hydrogen, 
452 

Birds, fat of, 1189 
Biscuit, potters’, 862 
BiBeleniteoftMryta,619 

lime, 602 

potassa, 661 

— «- soda, 682 
Biselenitcs, 456 
Biseleniuret of mercury, 796 
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Bisulcniiirct of silver, 809 
Bisilicate of potassa, 859 
Bismuth, first described by 
Agricola, 728 

butter of, 729 

magistery of, 730 

native, 728 

its acetate, 1122 

alloy with gold, 820 

alloys, 732, 820 

amalgam with lead 

and mercury, 799 

arseiiiate, 731 

benzoate, 976 

bi-benzoate, 976 

borate, 732 

bromide, 730 

— carbonate, 731 

chlorate, 730 

chloride, 729 

— chromate, 772 

citrate, 1009 

— crystals, 110, 617 

cyanuret, 731 

ferrocyaiiuret, 731 

ferrosesquicyanuret, 

731 

— fusible alloys, 732 

fiuoride, 730 

hydrosulphuret, 731 

hydruret, 730 

hyposulpiiate, 731 

hyposulphite, 731 

iodate, 730 

iodide, 730 

nitrate, 730 

oxalate, 1003 

oxide native, 729 

oxides, 729 

— peroxide, 729 

phosphate, 731 

phosphuret, 731 

properties, 728 

protoxide, 729 

salts, general cha- 
racters of, 732 

seleniuret, 731 

— ses(juioxide, 729 

sources, 728 

specific gravity, 728 

subcarbonate, 731 

subchloridc, 729 

““ subuitmtc liydrfltcdj 
730 

subsulphate, 731 

sulphate, 731 

— sulphite, 731 

sulphuret, 730 

nativo, 730 

supersulphate, 731 

tartrate, 996 

tenacity, 728 

— ; volatility, 729 

Bistearato of ammonia, 961 

potassa, 961 

Bisuccinate of load, 981 


Bisulphate of cobalt, 686 

glucina, 842 

Uthia, 690 

morphia, 1017 

potassa, 658 

soda, 577, 381 

Bisulphurct of antimony, 724 

carbon, 608 

— its preparation and 

properties, 608 

cobalt, 686 

hydrogen, 436 

iron, 645 

mercury, 794 

molybdenum, 764 

platinum, 830 

potassium, 566 

sodium, 577 

tin, 678 

tungsten, 781 

vanadium, 778 

Bisulphuretted hydrogen, 556 
Bitartrate of ammonia, 991 

baryta, 994 

copper, 995 

magnesia, 994 

potassa, 571 , 989, 991 

action of borax on, 

992 

potassa a source of car- 

^ bonate, 992 

purity of tested, 

992 

Bite of rabid animals, nitric 
acid applied to, 387 
Bitter almonds, 971, 1058 

— artificial, 925 

— extractive, 924 

— principle, 925 

from indigo, 946, n. 

tar, 987 

yellow, 925 

— salt, 624 

— spar, 628 

Bittern, 113, 344, 624, 628 

— bromine obtained from, 

344 

Bitumen, clastic, 982 
Bitumens, 982 
Bituminous limestone, 604 
Black, Dr., his character, 
53, note 

his chemical researches, 

53 

on causticity, 54 

— change of state in bodies, 
148, 152 

congelation, 66 

fixed air, 54 

heat, 66, 148 

— hydrogen balloons^ 76 

Intent heat, 152 

ns connected with the 

steam-engine, 60, note 

liquefaction, 56 

magnesia, 65 
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Black, Dr., on specific heat, 
67, 148 

steam, 165 

vaporization, 67 

Black ash, soap makers*, 
iodine obtained from, 
340 

— dye, 1056 

— coal, 983 

— fibrous blende, 680 

— flux, .567, 744 , note 

— ivory, 462, 1193 

— lamp, 462 

— lead, 463 

crucibles, 863 

— . lotion, 790 

— marble, 603 
-7 ore, 742 

— oxide of manganese, 632 
platinum, 826 

— pepper, 1041, 1061 

— rosin, 978 

— sulphuret of copper, 701 
Blackened surfaces absorb 

heat. 190 

Bladde 1*8 increase the strength 
of alcohol, 1071 , and ti. 
BL.4(iDi£^, Sir 0., on congela- 
tion, 154 

Blanc defard^ 730 
Blanchbt and Srll on cam- 
phogen, 970 

on muriate of camplio- 

gen, 970 

citrene, 970 

Blast of air in iron-furnaces, 
660 and 662, note 
Bleaching, 83, 280, 334, 420, 
935 

by chlorine, 83, 280, 

334 

suggested by Ber- 

thollet, 83 

by light and air, 957, ». 

by sulphurous acid gas, 

420 

liquor, 594 

powder, 595 

opinions regarding 

its composition, 595 
Blende, 670 

black fibrous, 680 

Blistered steel, 665 
Block-tin, 674 
Blood, 1136 

— afe'rated, 1196 

— arterial, 1146, 1196 

— changes of in disease, 

1149 

— changes of during respi- 

ration, 1197 

— detection of, 1150 

— fibrin of, 1142 

— iron contained in, 1145 

— scrum of, 1137 

— state of, in cholera, 1149 
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Blood, state of, in fevers,! 149 

— tests for, 1147 

— venous, 1145, 1196 

— its analysis, 1148 

buffy coat, 1136 

coagulation, 1136 

colouring - matter, 

composition, 1148 

crassamentum, 1136 

freezing-point, 1136 

odour, 1146 

preservation, 1147 

red globules, 1136 

serous portion, 1136 

specific gravity, 1 136 

■ its spontaneous coagu- 

lation, 1137 

use in sugar-refining, 

900 

— of various animals, odour 

of; 1147 

— stains, detection of, on 

linen and steel, 1150 

— root, 1040 

— stone, 8.55, note 
Blower of a eoal-inino, 481 
Blowpipe, construction and 

uses of tbe, 518, note 
flame, external and in- 
terna), 519, note 

fluxes, 520, note 

instinctions for its ma- 
nagement, 518, note 

supports for substances 

under the, 519, note 

its action on conipomids 

of antimony, 728 

arsenic, 746 

cerium, 741 

chromium, 775 

copper, 710 

manganese, 639 

molybdenum, 765 

nickel, 696 

titanium, 739 

tungsten, 781 

uranium, 7*15 

zinc, 673 

urinary calculi, 1177 

oxyhydrogen, 350 

^ignition of lime by, 206 

Blue (^bonate of copiKrr, 

— dyes, 942 

— indigo, 043 

— ;|fobn, 506 . 

~ liquid) 043 

— pill, 785 

— Prussian, 84 
Scbcele on, 84 

— Saxon, 043 

— Thenard's 687 

— verditor, 706 

— vitriol, 703 
Bokruaave, 52 


Boilers for experiments on 
steam, 165, 168 
Boiling-point of alcohol, 1072 

saturated solutions, 

161 

of water, 159 

points affected by na- 
ture of vessels, 159 

diminished by ex- 

tRineous matters, 159 

diminished in vacuo, 

163 

increased by pres- 
sure, 163 

tables of, 160 

simultaneously with 

freezing, 168 

springs contain silica, 

856 
See Heat 
Boletates, 1014 
Boletic a(dd, 1013 
BoleUis jufflatuRsy lands and 
pseiido iffniarius, 1055 
Bologna vials, 866 
Bologniun phosphorus, 198, 
611 

Bombshells burst by freezing 
water, 356 
Bondt, 483 
Bone phosphate, 601 
Bones, 1192 

albumen of, 1192 

animal and human, 

composition of, 1192 

destructive distillation 

of 462, 1192 

earth of, contains phos- 
phorus, 438 

earthy salts of, 1192 

fat of, 1192 

gelatin of, 1192 

hardening matter of, 

1192 

BoNSDURFFon auro-chloridcs, 
818 

onplatino-chloridcs, 830 

Boracic acid, 510 

anhydrous, 511 

hydrated, 51 1 

native, 511 

reddens turmeric 

paper, 511 

tinges flame, 511 

its combination with 

metals, 532 
Borocite, 511, 628 

Borate of alumilid, 003 

ammonia, 51 1 

baryta, 614 

bismuth, 732 

cadmium, 682 

cobalt, 688 

copper, 706 

iron, 658 

leiMl, 719 


Borate of lithia, 590 

lime, 605 

magnesia, 628 

manganese, 638 

mercury, 798 

nickel, 6^2 

potassa, 570 

silver, 809 

soda, 511, 587 

anhydrous, 587 

cryst., 587 

strontia, 619 

till, 679 

zinc, 673 

Borates, metallic, 532 
Borax, 587 

action of on tartar, 992 

a flux for the blowpipe, 

520, note 

calcined, 587 

crystallized, 587 

renders clothing to n 

certain extent incom- 
bustible, 687 

the source of boracic 

acid, 611 

uses ns a flux, 587 

BoRixated tartar, 992 
Buhoa on expansion by beat, 
125 

Borofluoride of barium, (»14 

potassium, 570 

sodium, 587 

Borohydrofluoric acid, 513 
Boron, its action on metals, 
532 

its chloride, 512 

fluoride, 512 

preparation ami pro- 
perties, .')10 

vapour, sp.gr, of, 513 

Boruret of iron, 658 
Boriirets, 632 

BosTOOit on acetate of lead, 
1121 

albumen, 1 138 

ebullition, 159 

myrtle-wax, 957 

Bottle for specific gravity, 136 
iron, for oxygiai, 327 

— gloss, 867 

Bottles, ancient, corrosion of 
by water, 864, note 
Bouoet on claidine, 965 

olive-oil, 965 

Boulduc, 79 

Boullay on alcohol, 1079 

— ether, 1001 

extractive matter, 923 

picrotoxia, 1038 

ulmic acid, 923 

Bouknon on the forms of 
carbonate of lime, 603 
Bournonite, analysis of, 727 
Boussin, on pyromucic acid, 
898 
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Boutron Charlard on oliro- 
inuHulpliate of potasHsi, 

775 

— on conia, 1039 
Bovlb, Hon. Robert, 20 
discovers the elasticity 

of the air, 402 

experiments on com- 
bustion, 31 

improves the air-pump, 

31 

on the graduation of the 

thermometer, 42 
Bovlk’s diirial rwctiliica, 437, 
note 

fuming liquor, 435 

Braconxot on aloes, 925 

boletic acid, 1013 

conversion of wood into 

gum and sugar, 919, n. 

dyeing with orpiment, 

754 

cllagic acid, 932 

— •fat and oil, 1185 

fibrin, 1143, note 

fungi, 1055 

fungic acid, 1014 

gelatine, 1181 

lactic acid, 1128 

leucine, 1184 

lignin, 919, wite 

malic acid, 1009 

mushroom sugar, 907 

pectic acid, 890 

■ ulmin, 924 

zumic acid, 1128 

Bhadlev on light, 174 
Brain, 1190 

— contains phosphorus, 

1191 

— composition of the, 1191 
Branches of trees, 872 
Bhandb on albumen, 1139, 

1140 

alcohol in wines, 1007, 

notCy 1008 

analysis of mineral 

waters, 1204 

mor])hia, 1017 

benzoin, 975 

bisulphuret of carbon in 

coal-gas, 495, notCy 509 

chloride of cobalt, 085 

chlorine and hydrogen, 

301 

chyle, 1194 

cinchonia, 1024 

classiHcatiou of tho 

metals, 535 

crystallization of sul- 
phur, 433 

■ docoinposition of glass 

by time and moisture, 
804, Twte 

electricity of the voltaic 

battery, 208 


Bkanur on fusion of magne- 
sia, 020 

mineral waters, 1211 

morphia, 1017 

myrtle-wax, 957 

nitrogen in vegeto-alka- 

lics, 1024, 1020, note 

quinia, 1020 

radiant heat, 192 

rhubarb, 1040 

separation of lime and 

magnesia, 029 

sulphate of cobalt, e»*10 

symbols used in che- 
mistry, 321 

table of metals precipi- 
tated by infusion of 
galls, 930 

varieties of tea, 1048 

Bkandes, on ammonia-sul- 
phate of copper, 705 

atropin, 1037 

crotonic acid, 955 

crystallized cam])horic 

acid, 969 

daturia, 1037 

hyoscyamia, 1037 

suberatcR, 1013 

Brandt, discovers phospho- 
rus, 437 

examines arsenic, 

•Brandy, 1067 

its expansion by heat, 

124 

Bnisa, 708 
— its analysis, 708 

composition, 708 

expansion, 127 

silvering of, 812 

Brassica rapa, 896, 922, 1050 

oleraceuy 1055 

Brazil-wood, 937, 1053 
Bread, made from wood, 920 

wheaten, suiwriority of, 

915 

Browing, 1063 
Brewster, Sir D., on the 
, colours of the spectrum, 
182 

monochromatic light, 

200, note 

polarization of light, 

181 

refractive power, 170 

Bricks, oil of, 952 
Brilliant cut diamond, 459 
Brimstone, 417 
Brine exposed to cold, 154 
Rrlony, 025 
Britannia metal, 727 
British gum, 913 
Brittle metals, 518 
Bhudie on animal heat, 1199 
poisoning by alcohol, 

1071 

arsenic, 745 
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Brooniart, on melting-point 
of zinc, 157 

Bromate of baryta, 346, 608 

lead, 714 

lime, 596 

mercury, 792 

potussa, 647 

silver, 804 

soda, 575 

strontia, 616 

Bromic acid, 346 
Bromide of aluminum, 850 

antimony, 723 

arsenic, 752 

barium, 008 

benzule, 973 

bismuth, 730 

calcium, 596 

carbon, 480 

chromium, 773 

cobalt, 685 

copper, 700 

gold, 818 

iron, 644 

lead, 714 

nuignesium, 622 

mercury, 792 

—— molybdenum, 703 

phosphorus, 448 

potassium, 344, 547 

silicium, ^7 

sUvi‘r, 346, 800 

sodium, 575 

strontium, 618 

sulphur, 433 

zinc, 670 

Bromides, metallic, 520 
Bromine, derivation of the 
term, :145 

discovered by Balard, 

344 

dry, a non-conductor of 

electricity, 345, note 

its action on ammonia, 

398 

metals, 520 

olefiant gas, 486 

cyanurct, 504 

elementary nature, 

345, note 

hydrate, 345 

r- hydrocarbiuret, 480 

poisonous natures 

345 ^ 

presence in bittoni, 

344 

muriatic acid, 304 

sea-water, 344 

• properties, 345 

sources, 344 

specific gravity, 345 

union w’ith carbon, 

480 

hydrogen, 369 

metals, 526 

oxygen, 346 
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Bfomlno, its union with phos- 
phorus) 448 

selenium, 458 

sulphur, 433 

vapour, 345 

sp. gr. of 345 

Bromofonn, 1108 
BroucJioceIc, efficacy of 
iodine in, !i40 
Bronze, 708 

powder, 678 

Bronzing liquid, 697 

tea-urns and medals, 

007 

tin medals, 870 

Brooke on crystallization, 

no 

— crj'stallogmpliy, 1 14 
: — primitive forms, 110 

— crystals of acetate of ba- 

Ota, 1117 

copper, 1110 

lead, 1121 

soda, 1117 

zinc, 1118 

— bichromate of ammonia, 

769 

calomel, 788 

carbonate of soda, 584 

chloride of cobalt, 686 

chromate of potassa, 

760 

soda, 770 

— ‘ — corrosive sublimate, 

780 

emetic tartar, 006 

hydrated carbonate of 

magnesia, 627 

— — nitrate of baryta, 608 

silver, 805 

strontia, 616 

oxalic acid, 007 

— sulphate of cobalt, 686 
iron, 647 

magnesia, 623 

— — nickel, 601 
zinc, 671 

tartaric acid, 090 

tartrate of potassa, 

091 

strontia, 615 

— and Levy on cr^'stals of 

prussiate of potassa, 652 
Brown blaze, 680 

— coal, 083 

— extractive-matter, 023 

— oxide of manganese, 632 

— quartz, 856, no/c 
Brownrigo, Dr., chemical 

discoveries of, 56 
Bruce, Dr., ^scovers native 
hydrate of mainiesia, 
620 

Brucia, its sulphate, 1032, 
1034 

— anHdysmferica, 1052 


Buonatelli* 8 fulminating 
silver, 810 

Brunel suggests the use of 
liquid carbonic acid os 
a motive-jwwer, 471 
Brunner on the prejmration 
of potassium, 5^ 
Brunswick green, 600, 006 
Jlryonia alba^ 1050 
Bryonin, 1046, nt^e 
Bucholz on acetate of l>ar\’ta, 
1118 

carbonate of magnesia, 

627 

lime-bummg, 605 

molybdenum, 760 

oxide of iron, WO, 641 

Sfiathose iroiwiro, 651 

sulphate of cobalt, 686 

sulphuret of iron, 645 

tartrate of soda, 933 

I tungsten, 780 

I uranium, 733 

Buff on indigotic acid, 949 
Bufty coat of the blood, 1136 
Buildings, ventilation of, 133 
Bulk affected by heat, 123 I 
- — enormous of the atmo- 
sphere, 413 

— relative of the gaseous 

constituents of atmo- 
spheric air, 411 * 

Burdwan sugar, 905, note 
Burned air, 135 

— alum, 852 

Biiming lens, combustion of 
the diamond in its focus, 
467 

Bussy on anhydrous sulphuric 
acid, 424 

— magnesium, 619 

— margaronc, 963 

— stearone, 962 

— the decomposition of 

chloride of magnesium, 
619 

— the discolouring power of 

charcoal, 461 
Butter, 1151 

— of antimony, 722 

— arsenic, 7^2 

— bismuth, 729 

— tin, 676 

— zinc, 669 

Butters, vegetable, 951, 957 
Butyrate 01 ammonia, 115.3 

baryta, H53 

copper, 1164 

lead, 1153 

lime, 1163 

— pota^, 1153 

soda, 1153 

strontia, 1153 

Butyric acid, 1151, mte 
Butyrin, 1151 


CABB.AOS, 1055 
rwl, cause of its 


Cadet on coffee, 1044 

— galls, 926 

— tannin, 926 

' Cadet’s fuming liquor, III 7 
Cadmium discovenul by 
Stroineyer, 680 

its acetate, 1119 

alloys, 682 

borate, 682 

carbonutt', 682 

chloride, 681 

— — chromate, 771 
fluoride, 681 

— — hyposulphatc, 682 

iodide, 681 

name, derivation 

of, 680 

nitrate, 681 

oxalate, 1002 

oxides, 681 

phosphate, 682 

phosphuret, 682 

preparation, 680 

protoxide, 681 

salts, their gencml 

characters, 682 

sources, p80 

: speciHc gravity, 681 

sulphate, 682" 

sulphuret, 682 

CdBsalpina crista, 1053 
Cafleiu, 1043 

Cagniard, db la Tour, on 
vapours, 166 
Cahincic acid, 1031, mte 
Caking coal, 983 
Calamine, electric, 672 
Calcareous spar, 1 14, 603 

its crystals dissected, 

114 

double refraction, 

178 

Calcination of lime in close 
vessels, 605 
Calcined bomx, 587 

mercury, 785 

Calcium, 591 

its ammonia -chloridt*, 

693 


bromide, 596 

chloride, 592 

hydrated, 593 

cyanuret, bOS 

existence demon- 
strated by Davy, 591 

ferrocyanurct, 656 

— — — fcrrosesquicyanuret, 
656 

— — — fluoride, 346, 370, 
596 

iodide, 596 

— — oxide, 591 
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Calcium, its peroxide, 592 

phosphuret, 600 

— platinckshloridc, 830 

— protoxide, 691 

silicofluoride, 858 

sulpliocyaiiurct? 

605 

— — — sulphuret, 597 
Calculi, 1175 

action of the blowpipe 

on, 1177 ‘ 

alvine, 1190 

ammonio - magnoHiaii, 

1177 

aiiioul, 1180 

biliary, 1162 

carbonate of lime, .11 78 

cystic oxide, 1177 

fusible, 1177 

oxalate of ii .ne, 1001, 

1177 

phospbiato of lime, 1177 

siliciferoiis, 1178 

triple, 1177 

urate of ammonia, 1 177 

uric acid, 1177 

urinary, 1167, 1175 

Calculous concretions, 1175 
Calendula officinalisj 1058 
Calcndulin, 1058 
Calicocca, 1050 
Calico-printing, art of, 034,^ 
note 

Calomel, 766 

its ancient names, 766 

its colour, 768 

crystals, 768 

decomposition by 

alkalies, 790 

form, how influ- 
enced, 766 

insolubility, 766 

native variety, 768 1 

phosphorescence, 

786 

— preparation hi the 

dry way, 766 

pre|)aration in the 

humid way, 766 

specific gravity, 766 

Caloric, see Heat. 

Calorific rays, 186 

repulsion, 211 

Calorimeter, 146, note 
Calorimotor, 264 
Calumba-root, active princi- 
ple Of, 1047, note 

' Calxes theory of their forma- 
tion, 31 

Campeachy wood, 937 
Campheno, 967 
Camphojmn, 967 

hydrate of, 969 

muriate of, 970 

ito protoxide, 968 

Camphor artificial, 966, 970 


Camphor, its combustion, 209 
combustion in rare- 
fied air, 416 

crystallization, 112 

sources and proper- 
ties, 968 

specific gravity, 968 

Camphorates, general clia- 
-actcps of, 969 
Camplioric acid, 969 

, anliydrous, 069 

, crystalliztxl, 969 

Candle-crackers, 163 

flame, its formation, 

207 

Candles, composition, 1186 

light of compared with 

coal-gas, 499 

stearine, 1166 

Candy sugar, 902 
— crystids of, 112, 902 
Cane-juice, its composition, 
898 

Cannabis satim^ 1059 
Oanuol coal, 98H 
Cannouio, on sarsaparilla, 
1051 

Cantliaradin, 1189 
Cantliarides, 1189 
Canton on the compression 
of water, 357 

Canton's phosphorus, 196 
Caoutchouc, 961 

its analysis, 889, mte 

destructive distilla- 
tion, 961 

solution in naphtha, 

491 

volatile hydrocar- 
bon, 961 

mineral, 982 

Capacity for heat, 147, 149 

— of air, 151 

— mercury, 148 

— oil, 148 

— w’ater, 148 

— affected by density, 150 

— tables of, 149 

Cape wine, 8i>ecific gravity 
of, 1067, note 
Capillary attraction, 106 
, its imiwrtant con- 
sequences, 106 
Capnonior, 988 

derivation of its name, 

988 

its proportiosj 980 

Caprates, 1154 
Caprate of baryta, 1154 
Capric acid, 115*4-64 
Caproate of baryta, 1154 

lime, 1154 

potossa, 1164 

Caproic acid, 1152-54 
Capsicin, 1059 
Capskum annuum^ 1059 


Caput mortuumy 881 

vitrioli, 20, 647 

f Jurats, value of diainoiidH 
estimated by, 459 
Carbazotate of ammonia, 948 

baryta, 949 

copper, 949 

lead, 949 

lime, 949 

magnesia, 949 

mercury, 949 

potassaj 948 

silver, 949 

soda, 948 

Carbazotic acid, 947 
Carbon, 456 

— its action on metals, 531 

bihydroguret, 481 

bisulphurct, 608 

bromide, 480 

chlorides, 477 

deposition from oil- 
gas, 484, note 

dichloridc, 478 

hydrates, 804, 022 

hydriodide, 466 

hydrobromide, 486 

hydrochloride, 485 

hydroguret, 483 

identity wirii diamond 

proved by combustion, 
467 

iodides, 479 

metallic rank, 464 

oxide, 464 

phosphuret, 439, 510 

perchloride, 477 

proportion indifferent 

varieties of steel, 665 n, 

protioclide, 470 

protobromide, 480 

protochloride, 478 

protoxide, 466 

purest form the dia- 
mond, 458 

scleniurct, 510 

Bcsquichloride, 477 

sesquiodide, 479 

union witli bromine, 

480 

chlorine, 477 

hydrogen, 480 

i(^ine, 479 

iron, 660 

metds, 531 

nitrogen, 499 

oxygen, 464 

phosphorus, 610 

potassium, 561 

selenium, 610 

sulphur, 608 

vapour, weight of, 

474, 475 note 

— chMcoal, a fonn of, 460 

— & water constitute wood, 

921. See Ghueoal. 
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Carbonaceous matter depo- 
sitedfrom oil-gas, 4M4 a. 
Carbonate of ammonia, 475 

conuncrcial, how 

prepared, 476 

hydrated, 476 

baiy’ta, 606, 613 

native, 613 

' — ita poisonous nature, 

613 

bismuth, 731 

cadmium, 682 

cerium, 741 

chromium, 775 

cinchonia, 1026 

cobalt, 687 

copper, 765 

glucina, 842 

lead, 718 

lime, 602 

eryst. 602 

native, 603 

action of heat on 

under pressure, 605 

a source of carbonic 

acid, 470, 472 

in calculi, 1178 

its solution in car- 
bonic acid, 473 I 

and magnesia, 628 

• lithia, 590 1 

magnesia, 627 

hydrated, 627 

its sources, 628 

of manganese, 630, 638 

mercury, 766 

nickel, '662 

potiissa, 562 

its commercial va- 
rieties, 563 

composition, 562 

impurities de- 
tected, 568 note 
production by de- 
flagration, 567 

purity tested by 

alkalimetry, 563 
quantity in solu- 
tions of diflerent speci- 
fle gravities, 5fi2 

sources, 562, 902 

uses, 563 

and magnesia, 628 

silver, 809 

soda, 584 

• its commercial sup- 

ply, 584 

— native, 684 


— and magnesia, i 

of strontia, 618 

— native, 619 

tin, 679 

uranium, 736 

yttria, 846 

— zinc, 672 


Carbonate of zinc, native, 672 

zirconia, 845 ^ 

Carbonates, deconi]H«itiin of 
by phosphorus, 474 

metallic, 532 

Carbonic acid, 467, 470 

gaseous, 470 

action on metallic 

oxides, 532 

— liquid, 470 

expansibility of by 

beat, 471 

mix^ with ether 

produces cold, 471 
production and pro- 
perties of, 470 
refractive powder, 

470 

suggested as a mo- 
tive power, 471 
solid, 471 

j w'eight of, how ascer- 

I tained in organic ama- 

i lysis, 888 

; Carbonic acid gas, 467, 471 

j animal life destroyed 

I by, 471 

j clioak-damp of miiu>s, 

! 472 

* combustion of jh)- 

i tassium in, 474 

: flame extinguished 

i by, 471 

growth of plants af- 
fected by, 473 

\ life destroyed by, 471 

* suffocation by, 47 1 

* tests of its presence, 

473 

i unrcspirable when 

' pure, 471 

i its absorption by 

I charcoal, 461 

its absorption by po- 

tassa in organic analy- 
sis, 885 

action on ammo- 
nia, 475,' and n. ib. | 

aflinity feeble, 473 | 

antiseptic proper- ; 

ties, 473 I 

aqueous solution ' 

dissolves carbonate of 
lime, 473 

composition, 474, 

and 475, note 

decomposition by 

electricity, 474 
Carbonic acid gafl,it8 decom- 
positkm by metals, 473 
^istence in ca- 
verns, mines, &c., 472 
fermented li- 
quors, 472 

evolution during 

combustion, 473 


Carbonic acid gas, fermenta- 
tion, 1065, 1066 
respiration, 

473 ^ . 

in lime-burn- 

inft 473 

expulsion from 

water by heat or cold, 

472 

liquefaction, 470 

' ■' — — narcotic poison- 
ous properties, 47 1 

preparation, 470 

presence in the 

atmosphere, 410 

detected by 

baryta-water, 606 

production by 

buniing diamond, 86, 
467 

properties, 470 

quantity in atmo- 
spheric air, 410 
solution in water, 

472 

specific gravity, 

470 

weight, 471 

Carbonic oxide, 464 
contains no hvdrogen, 

465 

I its abBoiq)tion by clinr* 

coal, 461 

action on clilorinr, 

466 

combustibility, 465 

eomposition,4G5,475 

note 

conversion into car- 
bonic acid, 465 

flame, 415, 465 

preparation, 464 

properties, 465 

sp. gravity, 465 

Carboniiim, 318, 464 
Carbonous acid, 464 
Carbo-sulphnric acid, 509 
Carboys for sulpliurie acid, 
422 

Carburet of cerium, 741 

copi)er, 705 

iron, 650 

lead, 718 

manganese, 638 

nickel, 692 

nitrogen, 601 

palladium, 835 

potassium, 561 

selemum, 610 

silicium, 858 

Carburets, metallic, 531 
Carburetted hydrogen, 480 
its absorption by char- 
coal, 461 

action of chlorine on, 

477 
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Oarburetted hydrogen, econo- 
mical applications of, 
495 

frdfej. fixed oils, 952 

from coal, 495 

hydrocarbons contained , 

ill, 498 

of marshes and mines, 

481 

Cardamom-seeds, 1058 
Carica papayUf milky juice 
of the, 917 
Carmine, 939 
Oarminiuin, 939 
Caniclian, 855 note 
Carolina rice, 1060 
Carolus Musitanus, 13 
Carrick on mineral waters, 
1211 

Carrots, 864, 922, i050 
Oarthamic acid, 937 
Carthamiiie, 937 
Caryophyllatc ef ammonb, 
971 

Caryophyllus arotnaticue, i)7 1 , 
1058 

Casaseca on picrotoxia, 
1038 

Oascarilla, 1052 

extract of, 1052 

Caseate of ammonia, 1156 
Casehordoning, 666 
Cascic acid? 1156 
Caseous oxide, 1156 
Caseum lactalbumen, 1 155 

sulphate of, 1155 

Cassava, 908 nvte 
Cassia^ 1052 

fistula, 1059 ' 

pulp, 1059 

Cassius, powder of, 817 
Cassola on protoxide of tin. 
674 

Cost iron, 664 
— its dccarboiiization, 664 

varieties, 064 

Cast steel, English, 666 
Castor, 1190 
oil, 954 

— • active principle, 954 

rwte 

seeds, 1061 

Catechu contains tonnous 
acid? 928 
Cathartin, 1046 
Cathelectrode, 269 
Cathions, simple *and com- 
pound, 279 

— Ul)leof,279 

Cathodes, 2^ 

Cat’s back, electrical by fric- 
tion, 224 

Caustic, lunar, 806 

potassa, 539 

TOda, 572 

Causticity, Black on, 65 


I Cavallo made the first hy- 
I dipgen balloon, 79 
CAViihxsH on eudiometry, 
409 * I 

fixed air, 79 

hydrogen, 76, 347 

nitric acid, 78 

nitrous air, 79 

v/ater, 78, 80 

Ca vepJdish’s eudiometer, 362 
Caviare, 1189 
Cawk, 61 1 • 

Celcstiiie, 618 

radiated, 618 

Cellular tissue of plants, 871 
Cementation, process of, 665 
Cements, 863 
Cenlaurea benedicta, 1057 
Centigrade thennometer, 43, 
138 

Centipede, luminous, 201 
Ci'rates and ointments, basis 
of, 958 

Cerebral substance, 1190 
Cerino, 958 
Cerite, 739 

Cenileo-snlphate of potassa, 
945 

Cerulin, 945 
Cerumen, 1191 
Ceruse, 718 

r orium, derivation of its 
name, 739 

I its acetate, 1123 

I carbonates, 741 

- carburet, 741 ' 

cliloride, 740 

compounds, action 

of the blowpipe on, 741 

fluoride, 740 

hyposulpliatc, 741 

oxalate, 1003 

oxides, 739 

pcrcarbonatc, 741 

peroxide, 740 

hydrated, 740 

persalts, 741 

persulphate, 741 

phosphuret, 741 

preparation, 730 

properties, 7^ 

protocarbonate, 741 

protochloride, 740 

protoxide, 739 

hydrated, 740 

protophosphatc, 741 

protosalts, 741 

protoBulphatc, 741 

— •— witli potaaib 7^1 

salts, Hbm general 

' cliarocters, *1 

sesquioxide, 740 

sources, 730 

— subperoxide, 740 

sulphates, 741 

sulphuret, 740 


Cerium, its tartrate, 996 
Cetin, 1187 

Cetraria islandicus, 1055- * 
Chabasite, 861 
Chalcedony, 855, note 
Chalk, 604 

converted into quick- 
lime by heat, 473, 605 

stones,^ 1171 

Chalybeate mineral waters, 
1205, 1211 

springs, silicate of iron 

in, 860 

waters artificially imi- 

tau d, 70 

Chamberlain on naphthaliii, 

. 492 

Chan^deon mineral, 634 
Chamomile, 1057 

extract of, 1057 

Chandelier, gas, ventilation 
by, 134 

CiiANTREV, Mr., his stove, 1 46 
Chaptal, 91, and note, ibid 

first published a system 

of chemistry, 91 
Characters of Lord and Roger 
Bacon. 6 

ancient, for denoting 

the metals, 515 

chemical, indicated by 

crystalline form, 1 1 3 
Cliaracters, general, of the 
acetates, 1110 

— gallates, 931 

lactates, 1129 

mecumites, 1022 

l^aramakeates, JOll 

Btrychnates, 1035 

^ tannates, 929 

salts of alumina, 853 

uiitimony, 728 

arsenic, 751 

baryta, 614 

bismuth, 732 

daturia, 1038 

cerium, 741 

— cadmium, 682 

cobalt, 688 

copper, 709 

— glucina, 842 

gold, 821 

iron, 659 

lead, 719 

lime, 606 

lithium, 690 

magnesia, 629 

manganese, 638 

mercury, 600 

molybdenum, 

766 

nickel, 696 

palladium, 836 

platinum, 833 

potassium, 570 

rhodium, 837 

4 K 
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Characters general of the salts 
of ffilicium, 859 

silver, 813 

sodium, 587 

strontUi, 619 

tellurium, 743 

tin, 679 

* titanium, 7»3H 

uranium, 735 

yttria, 846 

— zinc, 673 

zircoiiia, 845 

Charcoal absorbs aqueous 
vapour, 461 

oxygen in prefer- 
ence to nitrogen, 462 

absorption of gases, bv, 

481 

action of on lime-water, 

461 

nitric acid on, 927, n. 

on nitre, 551 

animal, 462 

— - its use in sugar-re- 
fining, 900 

anthracite a form of, 463 

black-lead a form of, 46*3 

carbon a form of, 460 

coal-gas, 462 

coke a form of, 463 

combustion of in oxy- 
gon, 470 

deprives water of sul- 
phuretted hydrogen, 
461, note 

destroys bad odours,460 

diamond a form of, 458 

— — discolouring ‘power of, 

461 

electricity conducted 

by, 226, 460 

graphite a form of, 463 

heat not conducted bv, 

146 

identity of with dia- 
mond, 467) 665, note 

ignition of by Voltaic 

electricity, 269 
infusible by heat, 460 
ivoty-black a form of, 

462 

lamp-black a form of, 

462 

metallic appearance of, 

462 

mineral, 463 

plumba^aformof,463 

proporation of for fuel, 

460 

for gunpowder mak- 
ing, 460 

proportion of in gun- 
powder, 552 

yielded by different 

woods, 460 

wood a source of, 46Q 


Charge electrical, 239 
Chariot of A ntimony^ 18 
Charles II. incorporates tlio 
Royal Society, 27 
Charles, his ascent in a bal- 
loon, 79 

and Robert, their as- 
cent in a balloon, 79 
CiiAUOBT on bismuth, 7^9 
Chaux carbonatie lente^ 629 
Cheese, 1155 

Cheshire, colouring- 

matter of, 942 
Chemical abbreviations, 321 

action, 211 

induced by electri- 
city, 272 et sefj, 

— — solar light, 184 

— • — heat, 211 

Voltaic light, 360 

illustrations of, 211 

modified, 215 

by cohesion, 211 

by heat, 21 1 

results of afiinities, 

214 

— requires apparent 

contact, 211 

— • source of electricity 

in the Voltaic pile, 290 

afiinity, 211 

Bergman on, 39 

— Berthollet on, 39 

Dalton on, 41 

— Davy on, 102 

— Gay Lussac on, 40, 

102 

Gcoffroy on, 38 

— Higgins on, 30 

Mayow on, 36 

Newton on, 38 

Richter on, 40 

— Wollaston on, 102 

definite laws of, 

211, 218 

diagrams of, 215 

exerted, 211 

illustrations of, 211 

— - modified, 215 

by cohesion, 211 

—-overcome byheat, 211 

— promoted by heat, 

211 

See Affinity and Atomic 
Thcoiy 

Cliemical agency of the Vol- 
taic pile, 272 

apparatus, 17, 323 

ancient, 17 

amgpnent of ole- 

JBieinraiid compounds, 
^17-319 

attraction, 211, see 

Affinity. ^ 

changes, laws of, 21 1 

commnatioDs, 211 


Chemical composition indi- 
cated bycrystaUinecha- 
racters, 112 

decomposition, 214 

decompositions electro- 

polar, 298 

effects of electricity, 

280, 274 

effects of radiant mat- 
ter, 184 

elements, modem, 317 

elements of the alcliy- 

mists, 23 

equivalents, 216 

Wollaston’s scale of, 

41, 218 

medicines introduced, 

21, 22, 25 

medicines, tlieir com- 

sition divulged, 25 

nomenclature, abstract 

of, 320 

observations on air and 

fire by Schcele, 81 

philosopby,fathcrsof, 2 

rays of light, 184 

symbols, 320, 321 

Chemistry defined, 1 

definitions of, 1, note 

analytical improved by 

Bergman, 70 

— - — by Klaproth, 76 

animal, 1131 

history of, 1 

inorganic, 317 

objects of, 1 

pneumatic, founded by 

Hales, 47 

improved by Pricstle\, 

63 

pneumatic, apparatus 

for, 323 

vegetable, 869 

Cliemistry, sketch, historical, 
ofits origin and progress, 1 ; 
(h'finitions of by L’Einery, 
Bergman, Blac^k, Four- 
croy, Grcn, Thomson, 1, 
note ; by Davy and Boor- 
hoavc, 2, note; supposed 
derivation of the word 
Chemistry by Bryant, Pal- 
mer, Young, Boorhaave, 
and Fourcroy, 2, note; fa- 
thers of chemical philoso- 
phy, Bacon, Boyle, Hooke, 
Mavow, and Newton, 2; 
lord Bacon’s character of 
an inquirer into nature, 3; 
objects of alchymy, 4 $ 
transmutation, 4; Hermes 
Trismegistus, his Tracta- 
tus Aureus, 4; ^ber’s 
works, 6; Artephius, 6; 
Roger Bacon, his charac- 
ter, and list of his works, 
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Chemistry (continued). Chemistry (continued). Chemistry (continued). 

6, and note; the supposed hmts at oxygen, 32; Ma- and 57; on vaporization 

inventor of gunpowder, 6 ; yow*8 tracts on philoso- and the production of cold . 

anagram of its composi- phic&l suhjeets, 32; theo- by evaporation, 58; notice 

tion, 6, note; Albert of ries of combustion by Bee- of Dr. Cullen and James 

Cologne and Raymond cher and Staid, 33; Ma- t Watt, 59, note; Black's 

Lully, 6; Isaac and John yow hints at oxygen, 34; theory of latent heat as 

of Holland, Flammel, Sal- discoverrtiydrogcn gas, 35; connected with the steam- 

mon, Ripley, and Ashmole, experiments upon respira- engine, 60, note; WatVa 

0; Van Helmont and tion and chemical afhnity, capital improver lent of the 

Bergman's opinion of trans- 36; Newton on chemical steam-engine, 61 ; sketch 

mutation, 9 ; Helvetius, affini^,37; Geoffroy, Gel- of his character by the au- 

his narrative of a tronsmu- lert, Limbourg, and Berg- thor of Waverley, 62; Dr. 

tatlon, 10; Sir Kenelm man's tables of chemical Priestley’s observations on 

Digby, 11; Mangetus, his affinity, 38, 39; Bcrthol- diftbront kinds of air, 63; 

anecdote of a transmuta- let. Davy, Pfaff, Higmus, discovers dephlogisticated 

tion, 12; formula for pro- Richter, Wollaston, Dal- air or oxygen, 63, and ni- 

paring the philosophers* ton, and Gay-Lussac, on trous oxide, 64; experi- 

stone by Carolus Musita- the atomic theory, 40; in- nients on air spoiled by 

nus, 13; mode of project- vention of the tliemiorae- animal respiration, 65; in- 

ing, 15; Elias Ashmole ter, 41; the academicians vents the mercurial trough, 

and Thomas Norton, their del Cimento, improve the and discovers gaseous mu- 

works, 15; Hr- Price, his thermometer, 42 ; Boyle, i riatic acid and ammonia, 

belief in transmutation, 16 ; Halley, and Newton, de- 66 ; his vitriolic acid fiir, 

Peter Woulfe, anecdotes termino a proper scale for note, 66 ; mentions the dis- 

concerning him by the its graduation, 42; Faliren- covery of dephlogisticated 

author, 16; alchyiuical ;:p- heit, Reaumur, and the air at Lavoisier's table, 

panatus, 17; contempora- centrigrade scale, 43; ano- 67, note; nitrogen dis- 

ries with the alchymists, malous expansion of water covered by Rutherford, 68 ; 

17 ; Basil Valentino, his by cold, observed by the Franklin's notice of Priest- 

Jfaliographia md C^irrus Florentine academicians, ley's discoveries, 68, ; 

Triumphalis, 18; describes 43; their simple narrative Bergman, his great talents 

aqua-fortis, oil of vitriol, of the experiment, 43, note ; as an analyst, 70 ; his essay 

and sulphate of iron, 19; experiments of Drs.Croune on mineral waters, and 

improvements in the manu- and Wallis on the expan- tests for their analysis, 70 

facture of 'oil of vitriol by sion of water by cold, 44 ; to 72 ; his experiments on 

Drs. 'VJf’ard and Roebuck, radiation, reflection, and the solution of metals, me- 

20; Basil Valentine's pane- refraction of heat, experi- tallic precipitates, and his 

gyric on antimony, 21; mcnteduponbytheFloren- table of the elective attrac- 

Paracelsus, his real name, tine academicians, Mus- tions of fixed air, 73 to 76; 

21; his contemporaries, chenbroek, De Marian, his successors in analytical 

Theodore de Mayeme, Du and others, 44; chemistry chemistry, Klaproth, Vau- 

Chesne, and Crollius, 22; of the 18th century, 46*; quelin, and Stromeyer, 76 

Schroder's CAmijpo Mcdt- Dr. Hales founds pnouma- and note; MemoirofChe- 

calPharmacopeeia, 221^^1 tic chemistry, and invents nevix, 77; notice of the 

Helmont, his works, 23; methods of operating with Hon. E. Howard, 78 ; Ca- 

introduces tlie term gas, gases, 47 ; experiments, vendish, his two capital 

23; chemistry of the 17 th much upon respiration and discoveries, 78; first bal- 

century, 24 ; notice of Lord vegetation, 48 ; on the mo- loon ascent, by Charles and 

Bacon, 24; Glauber, his tion of sap in vegetables, Robert, 79; ascent by Biot 

works, 25; discovers vola- and the moisture they ah- and Gay Lussac, 80; dis- 
til© alkali, sal mirabilc, sorb from the soil, or lose covery of the composition 

pyroligneous acid, and mu- by transpiration, 49 to 51 ; of water, due to Watt and 

riatic acid, 26; improves Herman Boerhaave, a con- Cavendish, 80; Scheelc, a 

and invents much appara- temporary with Hales, no- contemporary with Caven- 

tus, 27; early proceedings tice of him and his works, dish, his observations on 

of the Royal Society, 28; 52, and note; Dr. Black, air and fire, 81; discovers 

and of the Royal Academy his character as a lecturer, chlorine, 82 ; experiments 

Of Sciences, 28; chAweter 53 mte ; hi8 writings, 04 ; on fluorspar, 83 ; on arse- 

and works of Boyle, 29 ; discovers the cause of caus- nite of copper and sugar of 

note concerning Hooke, ticity of the amalic^nd milk, 83; onthecolouriug- 

29;Hooke’sAffcro^£ipAi<i, * earths, 65 ; note concerning matter of Prussian blue, 
30; his notions about com- Macquor, 55; Macbride discovered by Diesbach, 

bastion, 30; on the calci- verffics Black’s exi)eri- 84 ; discovers prussic acid, 

nation of metals, by Le ments, 56 ; Black's re- 84 ; Lavoisier, }iis re- 

Brun and Roy, 31 ; Hooke searches on latent heat, 56 searches on heat, 85; on 

4 K 2 
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the principles of nomencla- 
ture and on combustion, 

’ 8ft ; on the combustion of 
the diamond, and on the 
nature of neutral salts, 87 
to 88; improves, much, 
apparatus, 88; his claims 
to originality considercMl, 
89, note; Guyton - Mor- | 
veaii, Fourcroy, and Chap- j 
tal, notice of their labours, j 
91 and ?wte; observations 
on the principles of nomen- 
clature, 92; Galvani dis- 
covers electricity produced 
by the contairt of metals, 
98; his discovery followed 
up by Volta and D.avy, 93, 
who investigates the de- 
composition of water, and 
(lecoinposcs the alkalis by 
the voltaic pile, 94; his 
researches on chlorine, 95 ; 
his discovery of the safety- 
lamp, 96 ; biographical 
memoir of Davy, 97 to 102 ; 
the author's introduction 
to him, 97; specimens of 
his correspondence, 98 ; his 
latter days, 100; account 
of his last mumeiits by Dr. 
Toi)in, 101, and by Dr. 
John Davy, 102; his in- 
terment at Geneva, 102; 
Dr. Wollaston, his contri- 
butions to science, 102; 
his microscopic chemistry, 
103; his illness and death, 
103 ; ilelincation of the 
intidlectual portraits of 
Davy and Wollaston, by 
Dr. Henry, 104 
Chemists, Dutch associated, 
48:1 

Chenevix, memoir of, 77 

on arseniates, 750 

chlorate of baiy ta, 607 

sofla, 575 

coffee, 1044 

oxide of copper, 697 

palladium, 77 

phosphate of copper, 705 

platiuumj 827 

Cherry-coal, 983 
Cherry-tree gum, 896 
Chesnb, Du, notice of, 22 
Chevillot and Edwards on 
chameleon mineral, 634 
Chbvreul on adipocere, 1 134 

albumen, 1138 

■ bitter principle, 926 

— — Brazil-wood, 1063 

camphor, 968 

chloride of lead, 714 

fat, 1185, et xeg. 


Chlorate of strontia, 616 

— its detonation, 616 

zinc, 670 

Chlorate pastcB, for instiin- 
taueouB light mutches. 
544 

Chloric acid, 338 

action of, on ammonia, 

396 

on mchils, 525 

ether, 485 

Chloride of aluminum, 850 

antimony, 722 

arsenic, 752 

barium, 606 

anhydrous, 607 

crystallized, 607 

its aqueous solution a 

test for sulpliuric acid, 

C07 

beiizule, 972 

bichromate of potassi- 
um, 77P 

bismuth, 729 

boron, 612 

bromine, 346 

cadmium, 68 1 

calcium, 592 

desiccation of gases 

by, 406 

— - fused, 593 

hydrated, 593 

— — its absorption of uni- 
moniacal gas, 392, 593 

its use in organi«? 

analysis, 884 

— and ammonia, 593 

of carbon, 477 

cerium, 740 

ebromium, 773 

cobalt, 685 


Chkvrbul oil heniatiii, 937 

indigo, 944 

iiidigutic acid, 969 

margaric acid, 963 

oil, 1187 

oleic acid, 964 

saponification, 958 

on stearic acM and stea- 
rates, 960 

stearinc imd elaine, 961 

sulphoadipic acid, 953 

sulpburot of arsenic and 

iron, 757 
Chica red, 939 
Children on calculi, 1190 

cerium, 739 

iridium, 840 

meteoric stones, 694 

Children's large voltaic bat- 
I tory, 270 

j Chime, electritral, 237 
i Chimneys, theory of their ae- 
I tioii, 1:14, 195 

; China, or oriental porcelain, 

I 862 

' Chiton, 1194 note 
I Chloral, 1105 
' Chlorate of alumina, 850 

; ammonia, 396 

I antimony, 723 

I baryta, :i38, 607 

I bismuth, 7^19 

I ciiiclionia, 1025 

! copper, 7^ 

• iron, fl43 

! load, 714 

i lime, 595 

j magnesia, 622 

I manganese, 636 

i mercury, 791 

j potussa, 542 

! action of sulphuric ; coluinbium, 783 

j acid on, 543 i cop^wr, 699 

, supports combustion j etln^iiie, 490 

! under water, 544 j gUicmuin, 841, fM2 

j its composition, 543 ! 81 5 

detonation with com- | anliydrous, 816 

bustibles, 643 I crystallized, 816 

with phosphorus, | tcthereal solution 

543 ! 817 

with sulphur, 543 ’ iridium, 840 

— mixture with com- 1 iron, 642 


bustibles, action of sul- 
phuric acid on^ 543 

- — preparation, 542 

- — substitution for nitre 
in gunpowder, 543 

• — use for instantane- 
ous light matches, 544 

• in organic ana- 

lyBu^8B2 

■ — — for i)er||us8ion 
powder, 544 

• quinia, 1029 

• silver, 804 

• soda, 575 


lend, 713 

native, 713 

Umo, 694 

— decomposes ammo- 
nia, 390 

— instrument for its 

analysis, 594 

lithium, 689 

magnesia, 622 

magnesium, (>20, 

mercury, 768 

molybdenum, 763 

naphthalin, 493 

— niwcl, 690 
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[Jhlorido of nitrogen, 389 

its composition, 390 

— — explosive proper- 
ties, 389 

pr<.])aration, 389 

syriiigti for trans- 
ferring, 389 

osmium, 839 

palla<1iiini, 833 

f)1atimim, 827 

a test for potassa, 

673 

action of, on alcohol, 

1078 

phosphorus, 440 

a(?tion of ammonia 

on, 448 

of potassium, 541 

rhodium, 837 

selenium, 450 

silicium, 850 

silver, 802 

its absorption of 

ammoniaenl gas, 803 

— decomposition by 

alkalies, 803 

by combusti- 
bles, 803 

by light, 803 

— — by metals, 803 

insoiubility, 8p3 | 

its solution in am- 
monia, 803 

specific gravity, 

803 

Soda, 574 

its uses as a disin- 
fectant, 574 

sodium, 573 

its crystals, 573 

decomposition, 

574 

decri'pitatioii, 

573 

solubility, 573 

strontium, 015 

its solution in alcohol, 

015 

sul}}hur, 432 

tellurium, 743 

thorinum, 847 

— — tin, 070 

titanium, 738 

tiingstoii, 780 

uranium, 733 

vanadium, 777 

yttrium, 840 

zinc, 009 

zirconium, 844 

Chlorides, action of light on, 

metallic, their forma- 
tion, 362, 524 

solubility of corrosive 

sublimate increased by. 


Chlorine, 331 

charcoal, intensely ig- 
nited in, 332 

combustion supported 

by, 333 

combustion of phosphu- 

retted hydrogen in, 451 

condensed by cold and 

pre ssure, 332 

derivation of its name, 

331 

evolved from common 

salt by electricity, 280 

fumigation by, 333 

[ hydrogen burned in,361 

injurious to life, 333 

mode of experimenting 

with, 333 

oxymuriatic acbl of the 

French chemists, 331 


Chlorine, its presence detect- 
ed, 334 

— — protoxide, 334, 335 

composition of, 

335 

explosive nature 

of, 335 

— solution, 332 

affected by light, 

333 

destroys conta- 
gious matter, 333 

sources, 331 

specific gravity, 332 

union with ammonia, 

396 

bromine, 346 

carbon, 477 

cyanogen, 502 

hydrogen, 360 


■ peroxidoiof, condensed I iodine, 343 


into the liquid state by 
Faratlay, 3:18 
vapemr destroys conta- 
gion, 333 

• its action on alcohol, 
1105 

aloes, 923 

antimony, 333 


nitrogen, 389 

oxygen, 334 

phosphorus, 440 

selenium, 460 

sulphur, 432 

us(» in calieo-print- 

ing, 935, note 
Chloriodic acid, 343 


carbonic oxide, j Chlorionic acid, 344 


400 

copper, 333 

fixtd oils, 953 

gum, 895 

hydrocarbons, 

485 

metals, 524 


Chlorite of lime, 595 

so(hi, 574 

Chloroearbonate of ammonia, 
406 

Chlorocarbonic acid, 406 

ether, 1102 

Chlorochromic acid, 773> n. 


naptlialine, 493 ' Clilorocyanic acid, 502 

olefiant gas, 485 Chloroform, 1106 

oxalic acid, 998 Cbloroiiitrous gas, 379 

wood, 919 Chlorophaiio, its phosphorcs- 

attueous solution, ceiice, 200 

3:13 Chlorous acid, its specific 

decomposed by gravity, :i37 

light, 333 Choak-danip of miucs, 56, 

bisulphuret, 433 472 

bleaching power, Cholera, state of the blood in, 

334,919 1149 

eyanuret, 502 Cholesterine, 1100, 1162 

discovery, 331 Chromate of ammonia, 709 


disinfecting power, antimony, 772 


3:13 

- — evolution from mu- 
riatic acid, 305 

- — hydrate, 331 

liydrocarburet, 485 

oxides, specific gra- 
vity of, :i:i5, 337 

peroxide apparatus 

fur obtaining, ^17) 


baryta, 771 

bismuth, 772 

eadmium, 771 

cobalt, 771 

copper, 771 

iron, 760, 771 

le:ui, 771 , 772 

lime, 771 

lithia, 770 


coin|H>sition of, magnesia, 771 


338 

properties of, 337 

presence in aqua- 

n»gia, or nitro-nuiriatic 
acid, im 


- manganese, 771 

- mercury, 700, 798 

- molybdenum, 772 

- nickel, 771 

- potassa, 707 * 769 
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Chromate of potassa, its crys- 
tals, 7<^ 

preparation and 

properties, 7GD 

solubility, 760 

sp. gravity, 769 

silver, 811 

soda, 770 

strontio, 771 

tin, 771 

uranium, 772 

zinc, 771 

Chrome, colours glass, 868 
Chromic acid, its prepara- 
tion, 768 

Cbromite of iron, 769 and 771 
Chroiniuni, 766 

its alloys, 775 

amnionio sulphate, 

774 

bromide, 773 

carbonate, 775 

chloride, 773 

compounds, action of 

the blowpipe on, 775 

deutoxide, 767 

dichromate, 768 

fluoride, 773 

iodide, 773 

name, derivation of, 

766 

nitrate, 774 

oxalate, 1004 

oxides, 766 

pcrcdiloride, 773 

pcrfluoride, 773 

peroxide, chromic 

acid, 768 

phosphate, 775 

phosphuret, 775 

potassa-8ulphatc,774 

preparation, 766 

protoxide, 766 

scsquichloride, 773 

sesquioxide, 766 

sources, 766 

specific gravity, 766 

sulphate, 774 

sulphite, 774 ! 

Bulphuret, 774 

ierchloride, 773 

terfluoride, 773 

Ciiromo-sulphate of potassa, 

775 

Christison on the poisonous 
nature of carbcmic acid 
gas, 471 

Chronometers, rate of, af- 
fected by heat, 127 
Chrj socoUis 587, 706 
Clirysolite, 029| 860 
Ohrysoprase, 855, note 
Chyazic acid, ferruretted, 654 

sulphuretted, 507 

Chyle, 1103 

coagulum of, 1 195 


Chyle, serum of, 1195 
Chyme, 1194 
Cichwium iniibuSy 1050 
Cinnabar, 794 
Cinchona cord\foliay 1052 

iane\foliay 1052 

obloHgifoliay 1052 

Ciiichonate of copper, 1031 

load, 1031 

lime, 1031 

silver, 1031 

Ciiichoiiates or quinates, 1 03 1 
Citichonia, its acetate, 1025 

— arseniate, 1025 

carbonate, 1026 

chlorate, 1025 

dimiiriate, 1025 

disulphate, 1025 

— gallato, 1025 

iodate, 1025 

muriate, 1025 

nitrate, 1025 

oxalate, 1025 

sources and proper- 
ties, 1023 

submuriate, 1025 

subsulphate, 1025 

' sulphate, 1024 

ultimate analysis, 

1024 

contains iiitrogtm, 1024^ 

Cinehonic acid, 1030 
Cinclionine, 1023 
Cinnabar, artificial, 794 

native, 795 

Cinnamon bark, 1052 

oil of, J>71 

Circle galvanic, simple, 262 

compound, 268 

Circular magnetic coil, 313 
Citrene, 970 

muriate of, 970 

Citric acid, 1006 

anhydrous, 1006 

its crystals, 1006 

manufacture, 1006 

sources and proper- 
ties, 1006 

ultimate elements, 

892, 1007 

Citrate of ammonia, 1007 

antimony, 10(fe 

baiyta, 1008 

bismuth, 1000 

cobalt, 1009 

copper, 1008 

iron, 1008 

lead, 1009 

lime, 1008 

lithia, 1008 

magnesia, 1008 

manganese, 1008 

— mercury, 1000 

I nickel, 1009 

potassa, 1007 

! silver, 1009 


Citrate of soda, 1008 

stroiitia, 1008 

tin, 1008 

uranium, 1009 

zinc, 1008 

Citrates, 1007 
Citric ether, 1105 
Citrus aurantium and medkay 
Citronyle, 970 [1059 

Citryle, 970 

Cisterns for water, remarks 
on, 711, note 
Civet, 1190 

Clark, Dr., on the hot-air 
blast in iron funiaccs, 
662, note 

on hydrocyanic acitl,506 

pyropliosphoric* acid, 445 

Clay, varieties of, 861, note 

— marly, 861, note 

— pipe, 861, note 

— porcelain, 861, note 

— potter’s, 861, note 

— use of, in sugar-refining, 

901 

— crucibles, 863 

— lutes, 863 

— iron-stone, 642 

— pyrometer, 140 
Claying, proct^ss of, in sugar- 

refining, 901 * 
Cleavage of crystals, 1 14 
Clematisy 1054 
CiiEMKNT and Desormes on 
specific heat, 1 50 

on carbonic oxide, 485 

Clift on calculi, 1190 
Clocks and watches, tluir 
rate, how mflueijc('<l, 1 27 
Cloropluinc, its phosphoivs- 
cence, 596 

Clothing, remarks on, 195 

retention of heat by, 143 

Clouds, electrical, 247 

formathm of, 159 

influence of, on tlu' <le- 

position of dew, 202 
Cloves, 1058 

oil of, 971 

Clyssus, of nitn*, 551 
Coaguiablc l>Tnph, 1J42 
Coagulation of bloo<l, 1136 
Coagulum of blood, 1136 

chyle, 1195 

Coal, its varieties, 983 

— black, 983 

— brown, 983 

— caking, 983 

— cnnncl, 983 

— cherry, 983 

— glance, 463, 983 

— pit, 982 

— splintery, 983 

— ammonia obtained from, 

983 

— combustion of, 207 
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Coal, destructive distillation 
of, 495, 499 
table of, 499 

— gas, 495 

apparatus for, 495 

cWcoal from, 462 

coutamiuationof with 

sulphuretted hydrogen, 
495, mte^ 509 

— — impure, evolves sul- 
phurous acid during 
combustion, 495, ^wte 

— — intensity of its light 

compared with candles, 
499 

obtained by Hales, 

48 

properties of, 495 

purification of, 495, 

and mte 

— — quantity of produced 

from coal, 496 

steel made from iron 

by, 462 

— mines, blowers of, 481 

— mines, fire-damp of, 96, 

209, 481 

— naphtha, 491 

— oil, 491 

— smoke a disinfectant, 

1185, note 

•— tar, 984 ^ 

[!!)obalt, 68.8 

discovery of, 683 

colours glass, 868 

peach-blossom, 751 

pure, how obtained, 

684 

its acetate, 1119 

alloys, 688 

— alloy with gold, 820 

platinum, 832 

ammonio carbonate, 

687 

ammoniuret, 685 

ammoniosulphate, 

687 

arseniatc, 751 

beuxoato, 976 

bisulphate, f>86 

bimiiphurot^ 686 

borate, 688 

bromide, 685 

carbonate, 687 

chloride, 685 

chromate, 771 

citrate, 1009 

cyanurct, 687 

ferrocyanuret, 687 

fluoride, 685 

hydrosulphurctted 

oxide, 687 

hypophqsphite, 687 

— hyposu^hate, 686 

hyposulphite, 686 

iomde, 685 


Cobalt, its magnetic property, 
684 

— molybdate, 762 

name, derivation of, 

683, note 

native combinations, 

683 

— nitrate, 685 

ores, 683 

— oxalate, 1003 

oxide, 684 

ammoniated, 685 

impure, 684 

oxides hydrated, 684 

peroxide, 684 

phosphite, 687 

phosphate, 687 

phosphuret, 687 

pota^ - sulnhate, 

687 

properties examined 

by chemists, 683 

protoxide, 684 

salts, their general 

characters, 688 

sesquioxide, 684 

scsquisulphuret, 686 

silieo-fiuoride, 858 

solutions, colour of, 

685, 686 

specific gravity, 684 

sulphate, 686 

anhydrous, 686 

ciystalli/ed, 686 

sulphite, 686 

sulphocyanuret, 688 

sulphuret, 686 

tartrate, 996 

glance, 683 

Cobaltatc of ammonia, 685 
Cobaltic acid, 686 
Cobaltocyanuret of potsis- 
sium, 687 
Coccinellin, 939 
Cocoa-nut oil, 957 
Cochineal, 939 

fat of, 1 189 

Cochlearia airmoracWy 1050 

officinalis y 1056 

Codeia, 1016, 1018 
its prt>paration and pro- 
perties, 1018 

Coffea arabica, 1043, 1059 
Coffee, active principle of, 
1043 

bitter, 1043 

roasted, 1044 

— best method of mak- 
ing, 1045 

flavour of, 1045 

Cohesion, attraction of, 105 
its influence over che- 
mical attnictiou, 211 
Coil, circular magnetic, 313 
— magnetic, Do La Rive’s, 
313 


Coinage, gold, 820, and note 

silver, 812 

CoiNDBT on burnt sponge, 
340, note 

CoisiER, first saw electric fire 
drawn from the hea- 
vens, 248 
Coke, 463 

Colchicum autumnaky 1035, 
1050 

extract of, 1050 

Colcothar, 19, 647 

of vitriol, 19, 641 

Cold, artificial, 57, 153 

— expansion of water by, 

43, 129 

— intense of the arctic re- 

gions, 147 

— natural intense, 147 

— produced by evapora- 

tion, 167 

the evaporation of 

bisulphuret of carbon, 
508 

— — evaporation of liquid 

carbonic acid and ether, 

471 

— sulphurous acid, 

420 

— — expansion of air, 

151 

lic[UcfactIon, 57, 153 

— radiation of, 189 

— reflection of, 189 

— blowpipe, 471 

— (Ir.iwii castor oil, 954 

— short irou, 649 
Coleman ou the manufacture 

of gunpowder, 553 
Colin and Gualtikr de 
Clacbrv discover the 
action of iodine on 
starch, 341 

CoLLADON and Sturm on the 
compression of vrater, 

357 

Colocynth, 1059 
Colocyntiii, 1045 
Coloi)homc acid, 078 
Colophony, 978 
Coloquintida pith, active 
priuciplo of, 1045 
Colorific rays of light, 182 
Colostrum, 1151, note 
Colour, changeable, of man- 
gaiiesic solutions, 634 

change of by chemical 

action, 213 * 

of metallic precipitates 

resorted to as qualita- 
tive iests, 530 

of wines, 1070 

Coloured diamonds, 458 

extractive matter, 923 

flame, 206, 511, 689, 

605, ei4, 616 
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Colouring-matter, ita attrac- 
tion for alumina, 849 

— of the blood, 1144 

of flowers, 942 

fruits, 943 

matters of vegetables, 

933 

Colours affected by mono- 
chromatic light, 208, 
note 

adjective, 934, note 

substantive, 934, note 

of solar light, 182 

steel referable to ita 

oxidation, 666, note 

theory of, 182 

for glass, 868 

for painting porcelain, 

862 

Colsa oil, 956 

Columbate of ammonia, 783 

baryta, 783 

lime, 783 

potassa, 783 

silver, 811 

soda, 783 

Columbie acid, 782 

hydrated, 783 

Columbin, 1047 note 
Columbite, 782 
Columbium, 102 

its chloride, 783 

fluoride, 783 

oxalate, 1004 

oxides, 782 

potasso-fluorido, 782 

preparation, 782 

sources, 781 

sulphuret, 784 

terchloride, 783 

tersulphurct, 784 

Columbo, 1050 

extract of, 1050 

Columbo fluorides, 784 
Column, electrical, 261, 7i. ib. 
Combined heat, 152 
Combinations, galvanic, Da- 
vy’s, 93 

Combustible bodies, simple, 
318 

Combustibles, inflamed by 
electricity, 243 

— common) evolve earbo- 
nic acid when burnt, 
473 

simple, 318 

Combustibility of the dia- 
mond first suspected by 
Xewton, 467 

Combustion, affected by gases 
in air, 416 

steam, 416 

air spoiled by, purified, 

65 

— alehyniical notion of, 31 
consumes oxygen, 264 


Combustion, history of the 
theory of, 30 

Hooke’s theory of, 32 

— increases the weight of 
boiUes, 31 

Lavoisier on, 89 

nature of, 204 

products of, 205, 207 

slow, products of, 207 

of phosphorus, 440 

spontaneous, of cotton 

goods, 952 

phosphuretted hy- 
drogen, 450 

Stahl’s hypothesis of, 34, 

and note 330 

supported by oxygen, 

204 

supporters of, 318 

temperature of, 204 

under water, 544 

of alcohol, 1077 

diamond, 87, 467 

ether, 1086 

gunpowder, 553 

under wat**r, 554 

iron in air, 639 

oxygen, 329, 640 

metals by electricity, 

270 


olefiant gas and chlorine, 

485 

phosphorus in oxygen, 

silver, 801 *[329 

sulphur in oxygen, 329 

wood, 920 

zinc, 6(»8 

Common salt, 573 

a compound of chlorine 

and sodium, 362 niiie 

a source of muriatic 

acid, 362 note 

its commercial varie- 
ties, 674 

crystals, 108 

decomposition by 

sulphuric acid, 578 


uses, 574 

Conipi^ fiuor, 596 

limestone for lime-bum - 

ing, 604 

Comparative view of the 
phlogistic and antiphlo* 
gistic theories, by Hig- 
gins, 40 

Compensation-bars, 128 

pendulum, 128 

Complex affinity, 215 
Composition, attraction of, 
211 


caudles, 1186 

chemical, indicated by 

crystalline character, 
113, 122 

remarkable, of sulpho* 

sinapic acid, 066, note 


Composition of water, 80 
the atmosphere uni- 
form, 80 

Compound bar of steel and 
brass, its ex])au8ion,l2| 

galvanic circles, 264 

substances, 319 

Compressibility of water, 357 
Compression causes the union 
of hydrogen and oxy- 
gen, 352 

evolves heat, 160 

— — evolves light from oxy- 
gen, 329 

renders water luminous. 

357 

Conerete oils, 957 
Cunen.‘tioiis, nlvine, 1190 
CundeiiSfitioii cliaiiges capa- 
city for heat, 150 

of alcohol and water by 

mixture, 151 

gnsi's into liquids by 

I cold mid pressure, viz. 

; ammonia, 302 

; — — carbonic acid gas, 470 

! chlorine, 332 

I cyanogen, 499 

1 muriatic ueid gas, 362 

nitrous oxide, 376 

— peroxw^p of chlorine, 338 

sulphuretted hydrogi'ii, 

433 

i sulphurous acid, 420 

^ Condensed air, ignition in, 

' 417 

j Coudeiiwr, electrical, 245 

I sttiam. Watt’s, 172 

i Condensing engine. Watt’s, 
172 

i vessel, in ga8-works,495 

i Conducting power, elcctrieul, 
22 .'» 

for heat, 142 

essential to eU;ctro-che- 

mical decomposition, 
285 

Conduction of heat, 142, 145 

by goHi^s, 145 

— - liquids, 144 

— solids, 142 

influenced by texture, 

143 

Conductors of electricity, 223 

heat, 142 

lightning, 249, and note 

ibid, 250 

for buildings, 249 

Franklin’s, 250 

iron pi|»e8 serve 

249 note 

for sliqis, 250 

Harris's, 250 

Congelation, Dr. Black <»n,.'>6 

Dr, Uixi’h table of, I5f» 

artificial, 167, 176 
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Cungtilation evolvcH heat, 6T, 
164 

of water by cold, 356 

Conia, its preparation and 
j>ropertieB, 1039 
Conical form of flame, 206 
Conitim maoulatum, 1056 
Connecting wire of the bat- 
tery becomes magnetic, 
311 

Consolation of Navigators^ 
Glauber’s, 27 

Constant Voltaic battery, 294 
Constituents of vegetable bo- 
dies, table of, 691 
Construction of thermome- 
ters, 137 

Contact of metals prevents 
corrosion, 281 

produce 5 electricity, 

258 

Contagious matter, 1134 

destroyed by chlorine, 

333 

Convolvulm jalappa^ 1050 
Convolvulus turpethum^ 796 
Cooking, remarks on, 1 184 
Cooling extinguishes flame, 
208 

processes, 59 

rate of, in air, 196 

— ill vacuo, 196 ' 

vessels, 59 

CoopEa’s alloy of platinum, I 
8:12 I 

on nitrate of stroiitia, ' 

616 I 

sulphate of potassa and ’ 

nickel, 691 
Copal, 977, note 

— solution of in alcohol, 

977, 

Copivi, 971 

Coj'LEY, Sir Godfrey, 68 
Copper, 696 

— action of sea-water on, 

283 

sulphur on, 211 

— azun% 706 

— bean-shot, 703 

— bronzuig by, 697 

— colours glasw, 868 

— emerald, 706, 860 

— false, m 

— featliercd-sliot, 703 
japan, 703 

— mini's, waters of, 704 

— native, 696 

— ore, yellow, 702 

— ores, reduction of, 702 

— poling of, 702 

— protecterl from the ac- 

tion of sea-water, 283 

— pyrites, 702 

— pyrophoric, 1110 

— rosin of, 699 
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per, ruby, 698 
shavings, use of in orga- 
nic analysis, 884 
sheathing of ships, 260, 
282 

— protectors for, 260, 

282 

tests for, 977j note 
tincture of guaiacum, a 
test for, 977> note 
tinned, 709 
variegated, 702 
vitreous, 701 
white, 693 

— its acetate, 1119 

— — alchymical name and 

symbol, 696 

amalgam, 799 

anunonia-sulphatc, 

704 

ammonio-nitrate, 761 

ammoniuret, 701 

— — alloy with gold, 533, 

820, and note ibid. 

silver, 812 

alloys, 709 

arseniate, 760' j 

benzoate, 976 ! 

bitartrate, 995 j 

borate, 706 

— — bromide, 700 
but^Tate, 1154 

— — carbazotate, 949 

— — carbonate, 765 

— — — anhydrous, 766 

— native hvdrous, 

766 

chlorate', 700 

— ~ chlorides, 699 

— chloride, hvdrated, 
700 

chromaU*, 771 

cinehonate, 1631 

citrate, 1008 

combustion, 696 

cyanuret, 767 

— — deutoxide, 698 

ihacetate, 1126 

dicift'bonate, hydra- 
ted, 765 

diciiloridc, 699 

hydrated, 699 

dieyanuR't, 767 

ilitluoridc, 760 

dioxide, 697 

diselenite, 765 

di8ulpliQeyanuret,707 

disulphdm, 701 

ferrocyanun*t, 767 

ferrosulphuret, 762 

fluoride, 766 

fonuiate, 1613 

fusing-point, 696 

habitudes Ix'fore the 

blow'pipi*, 7 16 

— •— hypcaulphate, 763 


Copper, its hyposulphite, 763 

iodate, 766 

iodide, 760 

indigotate, 951 

— — metallic precipita- 

tion, 709 

molybdate, 763 

muriate, 700 

name, derivation of, 

696 

=- nitrate, 700 

oleate, 964 

ores, 696 

oxalate, 1002 

with ammonia, 

1002 

potassa, 1003 

soda, 1003 

oxides, 697 

oxide, hydrated, 7 OO 

native, 698 

phoBphuret, 705 

pinate, 978 

poisonous nature, 710 

potassa-sulphace, 705 

presence detected, 

170 

— — protoxide, 698 
salts, general charac- 
ters of, 709 

— — selenite, 765 

— — seleniuret, 705 

— — silicate, 860 

— — silieo fluoride, 858 

s|H?cific gravity, 696 

subacetate, 1 120 

subhyposulphnto, 703 

submuriate, 699 

native, 699 

subnitrate, 760 

suboxide, ti97 

sub|x'rarseuiate hy- 
drated, 750 

subphosphate, hydra- 
ted, 765 

subsesquiacetate, 

1120 

subsuccinate, 981 

succinate, 981 

sulphocyaiiurct, 707 

sulphate, 703 

anhydrous cry stal - 

lized, 764 

prcYcnta dry rot, 

764 

uses of, 704 

withammonia,764 

potassa, 765 

sulphite, 763 

potassa, 763 

sulphovinate, 1096 

sulphuret, 762 

tartrate, 996 

with potassa, 995 

irisacetate, 1121 

trisulphate, 764 
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Coppery 647 

Coppering ships* bottoms, 283 

protectors for, 283 

Corals, 1192 
CoRioL on brucia, 1032 
{ — strychnia, 1032 
Cork, 958 
— acid of, 1013 
Com*poppy, petals of, action 
of re-aseuts on, 942 
Corrections for aqueous va- 
pour, pressure, and tem- 
perature, of gases, 404 ». 
Corrosion of copper by sea- 
water, 283 

Corrosive sublimate, 786, 789 

albumen an antidote 

for, 1142 

its composition, 789 

crystals. 111 

decomposition by al- 
kalies, 790 

pr{?pamtion, 789 

— solubility, 789 

increased bychlo- 

ridos, 790 

— increased by mu- 

riate of ammonia, 790 

specific grsivity, 789 

Cortical layers of plants, 871 
Coniudum, 850 
Corydalia, its preparation and 
properties, 1040 
Cotton goods, spontaneous 
combustion of, 952 
Cotyledons of seeds, 869 
CouERBB on delphia, 1040 

sabadiilmc, 1036 

staphasain, 1040 

thebaia, 1020 

veratria, 1036 

Coulomb on electricity, 221, 
note 

Coulobib’s electrometer, 230 
Couronne des tnssee, 265 
CoUBTOis discovers iodide of 
nitn^en, 391 

discovers iodine, 339 

Cow'smiik, 1151 
Crameria triandria, 1050 
Crassamentum of the blood, 
1136, 1142 

Crawford on strontia, 615 
Cream, composition of, 1151 

of lime, 592 

tartar, 991 

Creosote, ue Kreosoio 
Cressy, battle of, artillery 
usefl at, 7 

Crichton on maximum den- 
sity Ofi* water, 129, n. 
Crocua martUy 641 

metaUonmy 724 

aaiiwuy 942, 1058 

Croconate of potassa, 537, n. 
Croconic acid, 464, «. 537 


Crollius Oswald, 22 

describes calomel, 22 

Cronstkdt discovers nickel, 
688 

Cross-stone, 614, note 
Croton cascariUay 1052 

tigliumy 1059 

Crotonic acid, 955 
Croton oil, 9^ 

Crounb, Dr., on the anoma- 
lous expansion of water, 
44 

C^o\^^l-glas8, 867 
Crucibles for the fusion of 
gold, 863 

; of silver, 863 

black-lead, 863 

clay, 863 

Hessian, 863 

— — iron, 863 

platinum, precautions 

regarding their em- 
plo^Tiient, 833 

plumbago, 863 

Crude nitre, purification of, 
549 

— tirtar, purification of, 991 
Cri'ickshank on carbonic 

oxide, 465 

the products of the com- 
bustion of gunpowder, 
552 

Crum on the action of sul- 
phuric acid upon in- 
di^, 944 

— on indigo, 946 

— sugar, 904 
Cryolite, 850 

Cryophorus, Wollaston*s,l69 
Crystalline texture altered 
by heat, 107, note 
Ciystallization, 107 

Brooke on, 119 

Daniell on, 121 

Graham on, 112 

Haiiy on, 1 18 

Mitscherlich on, 106 

Mohs Dn, 120 

Ure on, 120 

Whewell on, 120 

hastened, 113 

indicates composition, 

113 

influenced by the air, 

112 

light, 112 

in va||k 111 

instamReous, 1 12 

laws of, 105 

of bismuth, 517 

camphor, ill 

of metals, 517 

sulphur, 1 10 

tin-plat^ 110 

water, 111 

point of, indicated, 109 


Crystallization retarded, 113 

requisites for, 107 

separation of salts by, 

111 

spherical theory of, 120 

sudden, evolves heat, 

156 


theory of, 114, 120 

uses of in the arts, 113 

water of, 109, 357 

Crystallography, theory of, 
114 

— — uses of in the arts, 1 13 
Crystals, 107 

aftectcHl by hydrocar- 
bons, 113 

light, 112 

angles of, measured, 115 

and edges truncated, 

108 


anhydrous, 109 

by dissection, 121 

— fusion, 110 

solution, 108 

spontaneous evapora- 
tion, 109 

sublimation, 111 

cleavage of, 114 

deliquescence of, 109 

decrepitation of, 109 

diB8ecteiVI07, 114, 121 

of fluor-si>ar, 1 14 

calcareous spar, 115 

efflorescence of, 109 

gigantic, obtaincil, 1 10 

influimcod by mt‘dia de- 

])ositing tluan, 1 1 3 

integral elements of, 1 1 U 

isoiiiorplious, 107 

mother-liquor of, 1 13 

nuclei for, 1 1 1 

permanent, lOJ) 

preservation of, 109 

primitive forms of, 118 

regularity of, 109 

secondary forms of, 118 

structure of, 114 

stifHirfieial fracture of, 

109, note 

truncatcHi angles of, 108 

edges of, 108 

Crystals of act^tate of baryta, 

1117 


of cadmium, 1119 

ciiichoiiia, 1025 

— — copper, 1119 
lead, 1121 


lime, 1117 

magnesia, 1118 

— majignnose, 1118 

quinia, 1029 

soda, 1117 

— — strontia, 1118 

uranium, U23 

- — aliiSBrine, 936 
allantoic acid, 1165 
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CryHtals of alum^ 851 

ammonio - clilorido of 

magnosium, 622 

inuriato of manga- 

ncRo, 636 

nitrate of magnesia, 

622 

oxalate of potassa, 

1000 

persulphate of iron, 

648 

phospliate of mag- 
nesia, 625 

WMla, 583 

sulphate of mag- 
nesia, 624 

manganese, 638 

jwtassa, 560 

soda, 582 

zinc, 671 

sulphite of magnesia, 

623 

argento-cyanuret of po- 
tassium, 800 

arseniate of ammonia, 

747 

magnesia, 750 

quinia, 1020 

s<Kla, 748 

stroiitia, 730 

arsLMiious aci<l, 745 

asparagin, 1042 

atropia, 1036 

baryta, 606 

benzine, 074 

benzoate of ammonia, 

076 

baryta, 076 

bismuth, 076 

lojwl, 076 

magnesia, 076 

inangaiiese, 076 

potassa, 076 

sotia, 076 

zine, 076 

benzoic ai*id, 111, 075 

biborate of ammonia, 

512 

bicarbonate of ammo- 
nia, 476 

potassa, 667 

soda, 586 

biobromate of chloride 

of potassium, 776 

potassa, 770 

bicitratc of baryta, 

10 ()« 

bimalate of lirao, lOl I 

bluarsimiato of ammo- 
nia, 747 

(mtossa, 748 

soila, 748 

— -binoxalate of baryta, 
1061 

copper, 1002 

— noLtwim. 1(100 


Crystals of biphosphatc of 
ammonia, 446 

baryta, 613 

potassa, 661 

soda, 583 

biselonite of lime, 602 

potassa, 561 

bismuth, 799 

bisulphate of cobalt, 687 

potassa, 558 

soda, 681 

bisulphuret of mercury, 

795 

bitartrate of baryta, 994 

potassa, 992 

boletic acid, -1014 

boracic acid, 511 

borate of ammonia, 511 

magnesi^ 628 

mercury, 798 

potassa, 670 

— — soda, 587 

borofluoridc of barium, 

614 

potassium, 570 

sodium, 587 

bromate of bar\4a, 608 

potassa, 647 

bromide of antiinonv, 

723 

-“• — barium, 608 

benzule, 973 

carbon, 480 

potassium, 547 

sodium, 575 

brucia, 1034 

— — caiuphor, 111 
butvrate of ammonia, 

1133 

— — baryta, 1163 

copper, 1 154 

Iciid, 1153 

lime, 1 153 

eaffein, 1044 

caraphoric m.*id, 969 

caprie acid, 1154 

capro;ite of baryta, 1154 

lime, 1154 

carbazotiiteof ammonia, 

948 

— — baryta, 949 

copi>er, 1M9 

lime, 949 

magnesia, 949, 

pttosa, 948 

silver2^9 

— — sodai 

carlH)n, Xmr 

. carbonate of baryta, 613 
_ of copper (pseudo), 
706 

Icail, 719 

lime, 603 

magnesia, 627 

— potassa, ^2 

fuid m8ffnesia.628 
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Crystals of carbonate of soda, 
584 

Btrontia, 619 

zinc (pseudo), 672 

chlorate of V>aryta, 607 

cinchonia, 1025 

lead, 714 

potassa, 642 

quinia, 1029 

silver, 804 

soda, 575 

— — zinc, 670 

— chloride of barium, 607 

— — cadmium, 681 
—— — — calcium, 593 

carbon, 477 

cobalt, 685 

lead, 713 

litliium, 680 

magnesium, 621 

— — manganese, 635 

naphthaliu, 493 

sodium, 108, 573 

strontium, 615 

zinc, 669 

chromate of lithia, 770 

— — lime, 771 
potassa, 769 

— soda, 770 

— chroiuosulpliate of po- 
t:tcKa, 77«> 

cinchoiuite of lime, 1031 

citrate of ammonia, 1 007 

— - — manganese, H)08 

sodti, 1008 

citric acid, 1006 

— — cobaltocyanuret of po- 
tassium, 687 

codeia, 1018 

common salt, 108 

— - corrosive suh]iinute,789 
cuproeyaiiuret of potas- 
sium, 707 

eyanate of baryta, 614 

of })otas8a, 669 

soda, 587 

cyanuretof hromine,504 

— — iodine, 503 
platinum and potas- 
sium, 831 

cyauuric acid, 1170> n. 

— dnphniu, 1043 
daturia, 1037 

— > dicliloride of carhon,478 

dimuriate of cinchonia, 

1025 

diuitrato of load, 710 

— disulphate of quinia, 

1027 

ferrocyanate of ammo- 
nia, 6^ 

— — barium, 655 

calcium, 655 

ma^neBiiim, 655 

— — — sodium, 655 

— — strontium, 655 
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Crystals of ferrocyanurct of 
potassium, G51 

ferrosesquicyanurct of 

potassium, (»5d 
— forrosulphuret of cop- 
per, 702 

Huoride of calcium, 590 

cobalt, 005 

iron, (M4 

lithium, 589 

— — — nickel, 690 

potassium, 547 

— sodium, 575 

till, 677 

foniiiate of copper, 1013 

load, 1013 

fulminate of pot;issa,8l 1 

— • gcntiaiiiii, 1047 

gold, 814, 817 

of hydrate of barvta, 

606 

chlorine, 331 

lime, 592 

potassji, 539 

soda, 572 

of hydrated carbonate 

of magnesia, 627 

hydriodatc of ammonia, 

398 

lime, 595 

hydriodide of carbon, 

486 

hydrobromatc of am- 
monia, 398 

hvdrofluateof ammonia, 

398 

hydrosulphuret of am- 
monia, 435 

lime, 597 

80 <la, 577 

strontium, 617 

hydroxanthic acid, 509 

lu-ponitrite of ammonui, 

398 

hypopbos])hite of soda, 

582 

baiy ta, 609 

lime, 598 

h\'posulpliatc of barj-ta, 

610 

— cerium, 741 

— copper, 703 

lead, 716 

lime, 598 

— magnesia, 623 

potassa, 557 

protoxide of iron, 

646 

silver, 806 

soda, 577 

strontia, 617 

soda, 577 

strontia, 617 

hyposulphite of lime, 

508 

magnesia, 625 


Crystals of hyposulphite of 
potassa, 557 

indigotateof baryta,950 

silver, 951 

iodate of ammonia, 398 

ciiichonia, 1025 

lime, 695 

potassa, 547 

quinia, 1029 

soda, 575 

iodide of barium, 607 

benzule, 973 

bromine, 346 

cadmium, 681 

carbon, 479 

lead, 714 

magnesium, 622 

{) 0 tn 8 sium, 546 

sodium, 575 

sulphur, 433 

zine, 670 

iodine, 111, 340 

lactate of silver, 1129 

zinc, 1 129 

lactic acid, 1129 

lime, 592 

malate of magnesia, 

1011 


- manganesate of potass:!, 
634 

niaiiganesic acid, 634 
meconic acid, 1021 
mellilite, 984 
metals, 517 

molybdate of ammonia, 
761 

— IKjtassa, 762 

— soda, 762 
molybdo - tcrKulphuret 
of potassium, 764 
morphia, 1016 
imiriate of ammonia, 

397 

— morphia, 1017 

— quiiiin, 1028 

— veratria, lOJRi 
naphthaline, 492 
narceia, 1019 

nitrate of ammonia, 399 

— barj'ta, 008 

— bismuth, 730 

— cadiniuin, 681 

— cinchonia, 1025 

— cobalt, 6R5 

— copiMjr, 790 

— leaA 714 

— li|P589 

— ma^iesia, 622 

— nuinganese, (iliS 

— morphia, 1018 

— nickel, 690 

— potassa, 560 

— silver, 806 

— soda, 570 

Ain 


Crystals of nitrate of urani- 
um, 734 

yttria, 846 

zinc, 670 

— oleic acid, 964 

oxalate of aimiionia,999 

copper niid ammo- 

iiin, 1002 

potassa, 1003 

lithia, 1001 

potassa, 1000 

quiiiia, 1029 

oxalic acid, 997 

oxide of copper, 698 

iron, 642 

maiigniiese, 633 

palladio-eyauurc't of po- 

tiiHsium, 835 

jieraeetate of nu*rcurv, 

1123 

perbromidc of phospho- 
rus, 448 

fill, 677 

perchlorate of potassa, 

545 

l>erchIoridc of gold, 816 

phosphorus, 447 

tin, 070 

periodi<le of tin, 677 

pennnriate of inni, 643 

tin, 4)77 

pemitrate of mercurv, 

793 

jicroxidc of tin, 675 

{lersulphate of iron and 

potassa, 649 

mercury, 795 

uniniiiin, 734 

phoKjdiatc of aminoiiia, 

446 

copper, 795 

lead, 7 18 

lime, 6(MI 

magiu'sia, 6*25 

pohussn, 560 

quinia, 1029 

soda, 583 

phosphite of ammonia, 

443 

lime, 600 

inagtieHin, 625 

— soda, 582 

phosphorous acid, 442 

phoHphuri>t of sulphur, 

452 

platino-chloridcs gene- 
rally, 8;i0 

bichloride of pohis- 

sium, 829 

Hodluni, 829 

potassa-chloride of ura- 
nium, 734 

(M^rsulpliatc of ura- 
nium, 734 

Miilpimtc of clyo- 

mium, 774 
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Crystals of potasso-chlorideof 
magnesium, 622 

potasso - pliosphate of 

Hoda, 664 

ppitacetate of mercury, 

112:1 

jm)tiodido of iron, 643 

in’otocarbazotiite of mer- 
cury, 949 

protoeliloride of tin, 676 

protonitrate of iron, 644 

mercury, 792 

protojihospliate of iron, 

649 

protosulphate of cerium, 

741 

iron, 647 

and ammonia, 64 6 j 

poiiissii, 616 j 

tin, 67?* I 

uranium, 7!14 j 

pur])urate of ammonia, • 

1172 , 

pyrogjillic acid, 932 

pvropliosplKite of soda, 

663 

cjuartz, 606, note 

salicin, 1941 

Hi'hic acid, 1166, note. 

seleiiiatc of [>otnss}i, 661 

seloniocyaniirt?! of po- 

hissitnn, 579 * 

seU'nious acid, 464 

scscpiicarhonate of po- 

tassa, 6(»6 

silicfi tluorido of potas- 
sium, 668 

silvic acid, 976 

snow, 1 1 1 

spermaceti, 1167 

strontia, 616 

suhmuriate of copper, 

699 

suhses(|uiacetate of cop- 
per, 1129 

■: Kul)sulptiatc of ciiiclio- 

nia, 1925 

succiiiamide, 961 

suceinato of ammonia, 

969 

lime, 969 

maiigaiieso, 981 

— t)ot:i8sa, 989 

silver, 981 

— soda, 969 

tin, 961 

zinc, 961 

succinic acid, 989 

sugar, 199, 992 

milk, 1167 

sulphatcof alumina, ftSl 

• and ammonia,662 

iron, 663 

potfliW, 851 

soda, 852 

ammonia, 439 
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Crystals of siilpliate of am- 
monia and nickel, 691 

antimony, 7^6 

i — baryta, 61 1 

brucia, 1934 

cadmium, 682 

cinebonia, 1024 

cobalt, 686 

copper, 703 

and potassa, 706 

— iron and nickel, 691 

— lime, 598 

— litliia, 5tl9 

— muguosta, 623 

manganese, 637 

morphia, 1917 

nickel, 690 

potassa, 558 

and magnesia, 624 

nickel, 691 

of qumia, 1927 

silver, 698 

soda, 108, 577 

and magnesia, 626 

strontia, 616 

veratria, 10:i6 

yttria, 646 

1 

and potassa, 671 

zirconia, 814 

suljdiite of baryta, 009 

copper, 703 

lime, 696 

magnesia, 623 

potassa, 667 

soda, 677 

ziiu , 671 

sulphocvanatc of stron- 
tia, 619 

sulphocyanic acid, 608 

sulphocvaiiurct of ba- 
rium, 614 

cobalt, 668 

|>otassiuni, 669 

8ulplionn])tlialie acid, 

494 

sulphosinapic acid, 956, 

note 

sulphur, 417 

sulphurot of copi>er, 701 

iron, 646 

zinc, 670 

sulphuric acid, 424 

8iijH.TSulphate of mer- 
cury, 796 

tartaric acid, 990 

tartrato^l^antimony 

and }K>t|H|^6 

— cobalvWe 

— lime, 993 

— magnesia, 994 

— potassa, 991 

and ammonia, 992 

copper, 995 

lime, 994 

lithia, 993 


Crystals of tartrate of potassa 
and soda, 90:i 
— — soda, 992 

and lithui, 993 

strontia, 994 

tliein, 1946 

titanium, 735 

trisulphatc of zinc, 671 

urea, 1169 

verdigris, 1119 

water. 111, :i6G 

white arsenic, 746 

zincocyanuret of potas- 
sium, 673 
Cubcl>s, 1061 
Cubic nitre, 576 

foot of water, its weight, 

356 

Cucumber, wild, active prin- 
ciple of, 1946 
Cucumbers, 1059 
Cucinnis colocynthisy 1959 

sativujt, 1059 

Cuilbear, origin of tlu5 name, 
939 

Cult.en, Dr., 58, 59, fioie 
Cullet, 667, fiote 
Culm coal, 463 
Cummin G on therrao-tdcctrics, 
301 

j Cupels, 801 

! Cupcllation, process of, 71 A 

I 812 

I Cuprate of ammonia, 701 
I Cuproevanuret of potassium, 

1 707 

Cuprodicyanuret of potas- 


I siuin, 707 
! Cuprum, 696 

ammoniacale., 705 

' Curtl of milk, 1165 
I Current, electrical, 263, 2811 

• its retardation, 296 

I sterco-electrie, 302 

voltaic, 291 

Curri'iits ascending and de- 
scending by heat, 132 

electro-magnetic, 309 

of air in rooms, i:i3 

hot and cold in air, 132 

in liquuls, 131 

Curried leather, 1183 
Currus TriumphuHs, 18 
Curry-powder, 1049 
Curves, magnetic, 307 
Cuticle of plants, 872 
CtUis corium, 1 180 
Cutting of diamonds, 469 
Cyouate of baryta, 614 
lead, 719 

— potassa, 501, 560 

silver, 810 

soda, 587 

C^'anic acid, 500 

its action on metals, 632 

Cyanides, 601, 632 



1246 


GENERAL INDEX, 


Cyanite, 861 
Cyanogen, 499 
derivation of tho term, 

499 

gascoiiB, its properties, 

500 

liquid, 499 

its action on metals, 632 

analysis, 600 

its union with ammonia, 

607 

bromine, 504 

chlorine, 502 

hydrogen, 604 

iodine, 603 

> oxygen, 501 

sodium, 587 

sulphur, 507 

sulphur and hy- 
drogen, 507 

Cyanuret of barium, 613 

benzule, 973 

bismuth, 731 

bromine, 504 

calcium, 605 

chlorine, 502 

cobalt, 687 

cop|H?r, 707 

iodine, 503 

iron, 651 

lead, 719 

manganest', 638 

mercury, 499, 796 

nickel, 692 

palladium, 833-835 ; 

platinum, 831 ! 

and potassium, 831 j 

potassium, 568 

selenium, 608 

silver, 809 

strontium, 619 

sulphur, M7 

uianium, 735 

zinc, 673 

Cyanurcts, double, 501 

metallic, 532 

Cyanuric acid, 1169, 1170, n. j 
Cyanurin, 1174 j 

Cyder, 1066 

Cylinder, electrical machine, 
232 

Cynapia, 1040 
Cystic oxide, calculi, 1177 
Cytisin, 1046, note 
CytUus letburmmy 1046, no/^, 
1059 

Dabit on ether, 1089 
Daliharo and Dxlor on elec- 
tricity, 248 

Dalton, aurora seen by, 255 

■ on air in water, 357 

alcohol vapour, 1072 

anhydrous soda in solu- 
tions of tlitferent speci- 
fic gravities, 572 


Dalton on aqueous solutions 
of potossa, 541 

vapour, 167, no/a 

atomic tlieory, 41 

attraidion, 102 

. boiling-point of nitric 

acid, 384 

baryta-water, 600 

corbonato of magnesia, 

627 

crystals of baryta, 606 

deiinite proportions, 41 

ether, 1085, 1087 

gasc^ous bodies, 350 

hydrate of lime, 692 

muriatic acid, 364, n. 

strontia, 615 

sulplmric acid, 427 

vai)ours, 167, and fiote 

Damascus steel, 853 

sword-blades, 667 

Damp, choak, of mines, 56, 
472 

— fire of mines, 96 

— walls, reason of, 202, w. 
Dana on sanyuinaria, 1040 
Dance, electrical, 237 
Dancing hgiurcs, ek‘ctrical, 

237 

Dandelion root, 1051 

extract of, 1051 

Dangerous situations during 
thunder-storms, 250 
Dambll oil aqueous vapour, 
167, no/e 

cast-iron, 664 

cryshillization, 107, 121 

crystals of carbonate of 

lime, 602 

sugar, 903 

etlier, 1085 

flame, 207 

lampic acid, 1085 

platina, 833 

primitive fomis, 121 

radiant heat, 192 

rcsin-gas, 496 

water-barometers, *401 

wrougbt-iron, 666 

Damkj.l's constant battery, 
293 


dissected battery, 293 

— hygrometer, 411 

— oxyhydre^en jet, 360 

— pyrometer, 140 
Daphne mexereony 1052 
Daphnin, 

D’Ancrt i^Bdriodic acid 


gas,: 

— on suocinamide, 081 
Datolite, 51 1 

Datum itrammum^ 1037, 
1067 


Daturittf 1037 

its preparation and pro- 
perties, 1037 


Daucua earning 869, 922, 
1050 

Davy, E., on chloronitrous 
gas, 379 

— fiilminic acid, 798 

gelatine, 1181 

oxide of platinum, 827 

sulphate of platinum, 

831 

Bulphurct of nickel, 690 

of platinum, 830 

of zinc, 670 

Davy, Dr. J., his in<^moir of 
Sir II. Davy, 97 
on chloride of anti- 
mony, 7*i2 

bismuth, 729 

copper, 699 

iron, 642 

lead, 713 

manganese, 635 

tin, 676 

zinc, 669 

on fluobonc gas, 512 

hydrargo jierchloridc K, 

790 

1 oxide of antinionv, 721 

It^ad, 712 

tin, 675 

sulphuret of antimony, 

724 

I — — — lead, 7^5 

j tin, 678 

Davy, Sir 11., historical no- 
tice of, 93 
memoir of, 93r— 102 

liis liaketian Lectures^ 

94 

hiseudiomctrical liquid, 

409 

his metallic discoveries, 

94 

his miners’ safetv-himp, 

96, 208 

his tnhh‘ of liquid nni- 

inonia, 393 

j muriatic acid, 365 

t)f the average quan- 
tity of tannin in iiarks, 
926 

his theory of tho Vol- 
taic pile, 289 

on acids of phosphorus, 

442 

alkaline bases, 94 

aluminum, 848 

ammonia, 393, 554 

and chlorido of phos- 
phorus^ 448 

aqua regia, 388 

arseniouH acid, 746 

atomic numbers, 102 

barium, 606 

— — bihydroguret of carbon, 

482 

boron, 510 
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Davy, Sir H., on calcium, 591 

carbonic oxido, 465 

chemical affinity, 94 

agencies of electri- 
city, 272 

■ ■ ■— — rays of the spectrum, 
1»5 

chloride of boron, 512 

— iodine, 344 

— magnesium, 621 

nitrogen, 368, 389 

tellurium, 743 

cliioriiM^ 95, 331 

chloriomc acid, 344 

combustion in rarohed 

air, 414 

of the diamond, 467 

copper sheathing, 94, 

260, 282 

cyanuret of iodine, 503 

sulphur, 507 

decomposition of water, 

94, 273, 270 

deoxidizing rays of 

light, 185 

electrical transfer of 

elements^' 277 and mte 
electrochemical pheno- 
mena, 94 

euchlorino, 334 

cu<liometry,*409 

8re-dainp, 481 

dame, 207, 200, 414 

fluoride of calcium, 597 

fluorine, 95, 346, 370 

galvanic coinbiiiutions, 

93 

heat, 188 

hydriodic acid, 367 

livdropliosphoric gas, 

451 

iodic acitl, 342 

iodine, 95, 3.39 

niagnesiuiu, 619 

metallization of ammo- 
nia, 554 

mirrors for radiation of 

heat, Iffil 

muriatic acid, 95, 361, 

365 

nitrate of ammonia, 400 

nitromuriatic acid, 388 

nitrous oxide, 375 

nomenclature, 92 

■. nutritive matter in ve- 
getable food, 922 
oxide of chlorine, 3iM, 

337 

— - — monganceo, 631 
oxygen and h^'drogim, 

353 

oxymuriatic acid, 95, 

331 

peroxide of chlorine, 

337 

— 7- phosphorus acid, 442 


Davy, Sir H., on potassium, 
535 

and ammonia, 554 

and sodium, 96, 278 

protectors for ships* 

copiKir, 282 

• protoxide of copper, 698 

quantity and intensity 

of elcc^city, 272 

radiatimi, 45, 186, 188, 

194 

safety lamps, 96, 209 

— — on sUicon, or silicium, 

sodium, 95 [853 

soluble matters of vege- 
tables, 922 

strontium, 615 

tannin, 926 

■; tanning, 1183 

Voltaic electricitv, 93, 

272 

zirconium, 842 
Dead bodies, change of, into 
adipoeen?!, 1134 
Dead sea, its waiters contain 
. bromine but no iodine, 
344 

Death by electricity, 243, 249 
— of Gehlen, by arseiiiuret- 
ted hydrogen, 753 
— Richmaii, by atmosphe- 
i rical electricity, 249 
Decarbonization of ciist-iron, 
664 

Decomposing agencies of 
electricity, 273 

rays of light, 185 

Decomposition, chcmiciil, 
complex, 215 

double, 215 

simple, 214 

single, 214 

tables of, 215 

electrical, 273, 296 

clectro-chcmical, 274, 

285 

of the alkalies, 93 

' of waWr, 94, 273 

— : — ]K)lar chemical, 296 

Voltoic, 215, 273 

of salts by light, 184 

sulphate of soda by 

cli.'Uk and cbarcc^, 579 

by iron and charcoal, 

* 580 

Decrements of crystals, 1 19 
Decn*pit«itioii o£|^ts by heat, 

Deflnitions of cnomistrvj Ij 
and note ibid. 

Deflnitc electricity, 286 

laws of chemical action, 

211,216 

pi*oportious, theory of, 

40, 216 

— used by Dalton, 41 
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Definite proportions used by 
Davy, 102 

Gay Lussac, 102 

Higgins, 40 

— — Richter, 40 

Wollaston, 102 

quantity of electricity, 

286 

Deflagration, 567 
Deflections of the iieedlc by 
electro-magnetism, 309 
Degrees, centigr^e, 139 

De Lisle’s, 130 

Fahrenheit's, 130 

R<faumur*s, 130 

table of their conversion 

into each other, 130 

of Baum^ compared 

with actual specific gra- 
vities, 1076 

Db la Hirb on lunar light, 
204 

DELAntx-HB on tlie union of 
hydrogen andoxygim by 
compression, 352 

and Berard on si^cciflc 

heat, 140 

DeliquesecMicc of crv'stals, 
100 

Delphia, 1030, 1050 
Dclphiniim staphisagriOf 
1059 

De Lisle's thermometer, 1,39 
De Luc on expansion by heat, 
125 

De Lre's column, 261, n. ib. 

hygrometer, 411 

Density affects capacity for 
heat, 150 

refractive power, 1 76 

maximum of water, 130 

of the atmosplien', 401 

oil of vitriol, 428 

Deoxidizing r.ays, 185 
Dei>hlogisticated air, 327 
described b) Priest- 
ley, 63 

marine acid, 82 

muriatic acid, 82 

De|>olarizatiuu of light, 181 
Derbyshire spar, 596 
Dkr4)snk on nareotina, 1020 
Descartes on prolonging life, 
15 

Desc^)tils discovers iridium, 
840 

Desfossks on solania, 1037 
Desiccation of ammoiiiacal 
gas, 302 

328, 392, 406 

Dssormbs on specific heat, 
150 

Dbsprbtz on conducting 
power, 143 

Dxssaignss on luminoBity of 
water, 357 
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Destructive distillation of 
nninml matter, 1181 

of vegetables, 881, 920 

Detonating bodies contain 
nitrogen, 390 
oil, 38J1 

syringe for operating 

upon, 389 

tube, VolUi’s, 352 

Detonation of chlorate of po- 
tassawitli combustibles, 
543 

strontia, 616 

chloride of nitrogen,389 

chlorine and hydrogen, 

184, 361 

iodide of nitrogen, 391 

oxygen and hydrogen, 

34*8, 352 

Deutethiouie acid, 1097 
Deutoxide of antimony, 721 

copper, 698 

ehromium, 767 

gold,i«815 

lead, 712 

manganese, 631 

molybdenum, 760 

tungsten, 778 

vanadium, 776 

Dew, phenomena of, 201 
Dextrine ? 909, note 
Deveux on pyrogallic acid, 932 
Diabetic sugar, 905, a. 1175 
Diabolus metallorumy 819 
Diacetate of copper, 1120 

lead, 1122 

Diagram of acetous fermen- 
tation, 1110 

alcohol va])our, 1080 

ammonia, 392, 394 

atmospheric air, 411 

bihydroguret of carbon, 

482 

bisulphate of potassa, 

559 

bisulphuret of potassi- 
um, 556 

carbonate of ammonia, 

476 

carbonic acid, 475, and 

note 

oxide, 466, and 475 

note 

chlorate of potassa, 543 

chlorides of mercury, 

decomposed by lime- 
water, 790 

chloride of nitrogen, 380 

— chlotocarlM)uicw!id,466 

cyanogen, 500 

etherine, 480, jiffl 

ether vapqm^jWS 

hydrobr«S§S^|^69 

— hv4««i^^488,489, 


Diagram of hy'ponitrous acid, 
380 

methylene, 1128 * 

muriate of ammonia, 

397 

muriatic acid, 217,362, 

578 

naphtha vapour, 492 

nitrate of ammonia, de- 
composed by heat, 399 

nitric acid, 384, 559 

oxide, 378 

nitro-muriatic acid, 388 

nitrous acid, 381, 426 

oxide, 377 

olefiant gas, 484 

perchlorate of potassa, 

545 

perchloride of mercury, 

789 

protochloride of mer- 
cury, 788 

sulphate of baryta, 218 

soda, 578 

sulphocyanuret of po- 
tassium, 570 

sulphuret of potassium, 

555 

sulphuric acid, 427 

sulphurous acid, 426 

water, 217> 357 j 

Diamond, 458 '• 

brilliant-cut, 459 

combustibUity of, first 

suspected, 467 

combustion of, 87, 467 

apparatus for, 468 

in oxygen, 467 

produces carbonic 

acid, 467 

conducts heat but not 

electricity, 459 

converts iron into steel, 

665, note 

crystalline form of, 458 

— fracture of, 458 

identity of with char- 
coal, 458, 467 

non-conductor of elec- 
tricity, 226, 459 
— — primitive form of, 458 
productsof its combus- 
tion, 467 

refractive power of, 459 

specific gravity of, 458 

Diamonds, coloured, 458 

rem^d^ble, 459 

rose^lK 450 

— value Of, estimated, 4D9 

— when and where dis- 
covered, 458 

Diana, 800 

Diaphoretic antimony, 722 
Diastase, 917 
Diathermous bodies, 193 
Diborate of potassa, 570 


Dicarboiiate of copper, lu'. 
drated, 706 

Dicitnite of lead, 1009 
Diehloride of carbon, 478 

copper, 699 

lead, 713 

Dichromate of chromium, 768 

leatl, 772 

Dicyaiiuret of copper, 707 
Dikman, 48:1 

Diesuach on Prussian hliie, 
656 

Diflerential thermometer, 1 42 
Difluoride of copper, 700 ■ 
Digby, Sir Kknelm, 11 
Digester, Papin’s, 163 
Digestion, 1193 
Digestive salt of Sylvius, 642 
Digitalia, its ])reparatioii aiul 
properties, 1039 
Digitalis purpnreay 1039, 

- 1057 

Dimiiriate of ciner.oiiia, 1025 
Dinitrateof lead, 71o 
Dioptaso, 7 O 6 , 860 
Diphosphate of potassa, 560 
Diphosphun't of iron, 649 
Dipping-needle, 306 
Dippbl’s animal oil, 1131 
Discharge electrical, eifeets 
of, 269, 

Discharger, electrical, 240 
Dischargers, electrical, 240 
Discolouring power of char- 
coal, 461 

Diseases contagious and in- 
fectious, remarks on, 
1135, and note 
Disilicate of alumina, 861 
Disinfecting liquid, Lubar- 
raquo’s^ 585 
Dispersive power, 182 
Dissected battery, 293 

calcareous spar, 115 

fluor spar, 114 

Dissection of alum, 121 

crystals, 121 

Distillation, destructive, 
pit-coal, 495 

prevention of the sud- 
den evolution of vapour 
during, 429 

- — of sulphuric acid in gloss 
vesBclB, precautions re- 
specting, 429 

-"'in platinum, 422 

volatile oils, 965 

water, 365 

Distilled Yinegai, 1112 

waters, 966 

Distilleries, remarks on, 
1065, note 

Distillers* wash, 1065 
Disulplmte of cinchonia, 1 025 

quinia^l027 

zircoum, 844 
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Disulphocyonuret of oopptr, 
707 

Disulphuret of copper, 701 

native, 701 

iron, 6*46 

Dioxide of copper, 697 

lead, 713 

Divergence, electrical, 229 
Doberbiner on boron, 510 

carbonium, 464 

ehloriilo of leful, 713 

formic acid, 1012 

ether, 1101 

liydrogen and platinum, 

35S 

nitrate of lead, 714 

oxide of iron, 640, 64 1 

lead, 712 

sugar, 904 note 

siilphuret of manganese, 

637 

Dolomite, 629 

Donovan on liquor potaasns, 
540 

oxide of mercury, 783j 

786 

sorbic acid, 1009 

Dorking lime, 864 
Double affinity, 215 
— ^ voltaic plates, Wollas- 
ton’s, 269 

refraction of Iceland 

spar, 178 

refraction of a salt of 

strontia, 617 
Doubler, electrical, 245 
Draco mitigatus, 786 
Drummond on tlaine, 206 
Dry gases, how obtained, 406 

— ’rot, 918 

prevention of, 704 

Drying gases, mode of, 328 

oils, 952, 954 

Dubois and Silveira on zir- 
conia, 843 

Dublanc and Coukrbk on 
mecoiiia, 1019 
Du Chesnb, 22 
Du Clos, the analyst, 70 
Du Faye’s electrical hypo- 
thesis, 221 
Ducks’ fat, 1189 
Ductile metals, 518 
Dulcitied spirit of salt, 1105 
Dulono on alcohol vapour, 
1072 

chloride of nitrogen, 

389 

— expansion Of Bir, 132 
hydrogen, 348 

— hypophosphite of bary- 
ta, 612 

potassa, 660 

strontia, 618 

refractive ^wer, 176 

steam, 164 


Dulono and Araoo on steam, 
164 

and Petit on expansion 

of air by heat, 132 

of solids by heat, 

126 

rate of cooling, 196 

specific heat, 149 

Dumas doubts the elementary 
nature of bromimv 345, 
note 

his tabic of metals pre- 
cipitated by infusion of 
galls, 930 

on acids from soap, 965, 

note 

alcohol, 1073, 1079 

aricina, 1030 

benzoic acid vapour, 

976 

carbonic oxide, 464 

chloral, 1106 

chloride of arsenic, 7d2 

— manganese, 636 

titanium, 738 

on chloro-carbonic ether, 

1102 

daturia, 1036 

essence of lemons, 970 

hydrate of camphogen, 

969 

^ hydrophosphoric gas, 

451 

idrialine, 496 

indigo, 946 

kreosotc, 986 

methylene, 1126 

muriatic ether, 1105 

oil of wine, 1094 

oxamide, 999 

perchloride of .chromi- 
um, 773 

phosphuretted hydro- 
gen, 451 

stearine, 962 

succinic acid, 980 

tartrate of lime, 993 

uretlian, 1102 

and Boullav on nitrous 

ether, 1099 

oxalic ether, 1100 

and Laurent on para- 

naphtlialin, 494 

and Pkligot on hydrate 

of camphogen, 969 
and Prbvost on albu- 
men, 1141^ 

and SBRiyfflAs on com- 
pounds of cliloriuc and 
iodine, 344 

and SouBBiRAN on ar- 

semiuretted hydrogen, 
753 

• and WfiHLBR on fiuo- 

ride of manganese, 636 
on Peruvian bark, 1023 
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Dutch chemists, the asso- 
ciated, 483 

gold, 709 

Dyeing, art of, 934, note 
and calico printing, co- 
lours used in, 936 to 944 
Dyers’ broom, 941 
tin-liquor, 677 

Earth, the, radiation of heat 
from, 201 

regarded as a mag- 
net, 306 
Earths, 606 

alkaline, 523 

causticity of, 54 

considered as metallic 

oxides, 88 

nature of, guessed by 

Lavoisier, 88 

East India moist sugar, 905, 
note 

refined sugar, 906, note 

Eau mididnale^ 1635, note 
Ebullition, temperature of, 
161 

of sulphuric acid safely 

conducted, 420 
Economy of gas-illumination, 
499 

Edges and angles of crj'stals 
truncated, 108 
Eel, electrical, 299 
Effervescence, 473 
Effervescent wines, 1069 
Effiore^cncc of crystals pre- 
vented by oiling, 109 
crystals upon what de- 
pendent, 109, and note 
Effiorescent crystals, 109 
Egg, albumen of, 1 138 
Eggs, 1189, and note 

analysis of, 1189, note 

of fish, 1 189, note 

Egyptian opium, 1020 
Einhoff on horseradish root, 
1050 

Ekeberg discovers’ tantalum, 
782 

Elaidic acid, 965, and note 
Elaidine, 965 
Elaiii, 952, 1185 
Elaiodic acid, 965, note 
Elastic bitumen, 982 
Elasticity of metals, 518 
Elatcriuni, active principle 
of, 1045 
Elatin, 1045 
Elder-flowtrs, 1008 

flower water, 1068 

Elecampane-root, 1051 
EUxitive affinity, 39 

attraction, 39, 222 

Electric calamine, 672 

fluid, 221 

its velocity, 227 
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Electrical action, definite, 
286 

promotes chemical 

affinity, 281 

— — Busp^mds chemiail 
affinity, 276, 281 

amai^ini, 282 

anions, simple and com- 
pound, 278 

attraction identical 

with chemical, 289 

illustrations of, 236 

and repulsion, 222 

and repulsion of 

clouds, 251 

attractions and riipul- 

sions, voltaic, 262 

aura from a point, 238 

balance, 230 

battery, effects of its 

discharge, 243 

bells, 237 

brush of light, 238 

cathions, simple and 

compound, 279 

changes connected with 

chemical actions, 260 

charge, 239 

recedes from points, 

253 

chime of bells, 237 

clouds highly chained, 

247 

their attractions and 

repulsions, 251 

coated pane, 239 

column, 261, and note 

charges a Leyden 

phial, 2(52 

its opposite states, 

261 

dry, 261, note 

condensers, 245 

conducting power af- 
fected by heat, 226 

affected by physical 

states, 226 

of iron compared 

witli water, &c., 227 

metals, 271 

w’ater increased, 

275, note 

conductor insulated,226 

conductors, 225 

table of, 220 

imperfect, 225 

table of, 226 

their polar arrange- 
ment, 228 

— under induction, 

. 228 

contact prevents me- 
tallic corrosion, 281 

current, 263, 280 

decomposes iodide 

of potassium, 290 


Electrical current deflects the 
galvanometer, 289 

hydro, 302 

independent of me- 
tallic contact, 290 

stereo, 302 

its constant direc- 
tion, 291 

direction, 269 

physiological ef- 
fects, 298 

retardation, 298 

of the voltaic pile, 

291 

dance of pith-balls, 237 

decomposition, condnet- 

ing power essential for, 
285 

laws of, 273, 287 

decompositions, 273, 

278 

discharge in vacuo, 

243 

by charcoal points, 

269 

discharger, jointed, 240 

discharging rods, 240 

divergence, 229 

doubler, 245 

equilibrium. Its distur- i 

banco, 258 

excitation promoted b/ 

dryness, 222, 233 

of flannel, 223 

glass and resin, 222 

paper, 223 

silk, 223 

fly-wheel, 238 

head of hair, 236 

hypotheses, 221, and n. 

induction, 227 

induction through air 

and glass, 239 

i insulation, 226, note 

insulators, 226 

jar or Leyden phial,239 

accumulates sparks, 

241 


cliarge of, 239 

ascertained, 240 

charged by the elec- 
trical column, 262 

by the electro- 

phorus, 246 

tranBfer, 242 


— from another, 

241^ 

mscliarge of, 239 

discharged by vi- 
bration, 226, note 

its metallic coatings, 

their use, 242 

their opposite 

states, 241 

— plus and minus 

states, 241 


Electi^l jar, its quantity and 
mteusity, 242 

spontaneous dis- 
charge, 240 

striking distance, 

243 

kite, 248 

laws, similar to those 

of gravitation, 230 

light, 234 

ill air, 234 

gases, 234 

vacuo, 234, 257, 

269 

various media, 234 

luminous star, 238 

tubes, 237 

words, 237 

machine cylinder, 232 

plate, 233 

machines got into order, 

232 

multiplier, 245 

non-conductors, 225 

table of, 226 

organs of certain fishes, 

209 

origin of meteors, 267 

pane, 239 

— — perpetual motions, 262 

pluuiomena, artificial, 

221 to 246 

natural, 246 to 257 

of meteors, 257 

— . of the aurora borc^a- 

lis, 254 

ofthethundcr-Btorm 

246, 251 

ancient notions 

n>gardiug, 246 

of the water-spout, 

253 

poles, their attractive 

powers, 292 

of the voltaic bat- 
tery, 269 

called anode 

and cathode, 269 

powers follow tlK^ law 

of gravitation, 230 

repulsions, 222, 236 

shock, 240 

spark equal to the vol- 
taic spark, 298 

produCCB hcatj 244 

spark, its modifications 

by various media, 234 

rapidity of eflwt, 

244, note 

sparks produce nitric 

acid, 297 

sphere with moveable 

coatings, 235 

— — spiral luminous Jubc, 
237 

states, 223 



OKNEKAL INDEX. 


1251 

Electrical states neutralize Electricity^ Davj^'s theory of Electricity, Naimc’smachine 
each other, 235 its production in the for exciting, 231 

opposite, attract, pile, 289 Nicholson and Carlisle, 

223 De Luc’s arrangement first observe its dccom- 

of the electric for its production, 261 posing powers, 272 

column, 262 Du Faye’s hypotliesis Nobili on its develope- 

of the electrophorus, of, 221 ment by heat, 303 

244 Erman on its insula- Nollet, Abb6, hints at 

of the Leyden t:on, 226, note its analogy to lightning, 

])hial, 241 on the discharge of 246 

of steam and a Loyden phial, 226, n. Parry on that of the 

water, 254 Faraday discovers its aurora, 255 

their equilibrium in definite quantity, 286 Pearson decomposes 

the machine, 234 — establishes its de- water by- its agency, 

unit jar, 240 velopement by chemi- 298, note 

Electrics, table of, 224 cal action, 289 Pepys’s arrangement 

Electricity, 221 his experiments on for attaining its quon- 

^pinus on its cxcita- its conduction, 284 tity, 264 

tion, 225 his ex^rimental re- Richman killed by at- 

Bcccaria, imagines it searches in, 273 mospherical, 249 

the source of magne- introduces new Roget on its develope- 

tism, 257 terms jnto the science ment by heat, 302 

Bonnet’s instrument of, 268f Romas draws it from 

for detecting its pro- invents a voltnme- the clouds, 249 

sence, 229 ter for measuring, 286 Seebeck discovers its 

Biot on its superficial proves the identity excitation by heat, 

accumulation, 235 of common with Vol- (thermo-electricity,) 

Braude experiments taic, 296 301 

upon its intensity in Faraday’s table of Singer on conductors 

the Voltaic battery, anious and cathions, of, 225 

268 279 ^ on tliat of the aurora 

Cavallo on conductors • Franklin draws it from borealis, 254 

of, 224 the clouds, 248 improves the elec- 

Cavendish on its con- proves its analogy to trometer, 229 

duction by iron-wire, lightning, 247, 248 Tillard on its excita- 

226 suggests conductors tion during submarine 

Cavendish proves it to for houses, 249 ^ eruptions, 253 

form nitric acid from Franklin’s hypotliesis Volta invents the cow- 

air, 297 of, 221 ronne des tosses, 265 

Children on its quan- theory of illustrated investigates its dc- 

tity in the Voltaic-bat- by the Leyden phial, velopement by the con- 

tery, 270 241 tact of metals, 259 

Cosier first saw it drawn Galvani discovers its Volta’s theory of its 

from the clouds, 248 production by the con- production in the pile, 

Coulomb’s balance for, tact of metals, 258 289 

230 Grey hints at its ana- Wall hints at its ana- 

hypothesis of, 221 logy to lightning, 246 logy to lightning, 246 

Dalibard and Delor Halley’s observations Watson on the velocity 

draw it from the clouds, on as connected with of its passage, 227 

248 magnetism, 257 Wheatstone on the ve- 

Dalton on that of the Henley on its conduc- locity of its passage, 

aurora borealis, 255 tion by hair, 226 227, 244, note 

— ~ Daniel], experiments Henley’s electrometer Wollaston decomposes 

upon its constant pro- for ascertaining charges water by its agency, 

duction^ 298 849 296 

Davy decomposes the Herschel’s notion of its increases its quan- 

fixed alkalies by, 278 comicxion with vitality, tity in the Voltaic bat- 

— employ if as a 801 tery, 267 

means of preventing Humboldt on that of — refers its develope- 

metallic corrosion, 281 the gymnotus, 300 ment to chemical ac- 

— — Davy, investigates its — Hunter on that of the tion, 289 

decomposing powers, torpedo, &c,, 299 — * — Zamboni’s arrange- 

272 Kendall on that of the ments for its produc- 

Davy on the transfer aurora borealis, 255 tion, 261, note 

of elements by, 276, Mellonionitsdevelope- affected by the density 

277 , note ment by heat, 303 of idr, 243 

4 L 2 
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Electricity, alkalies decom- 
pose by, 278 

animal, 299 

— atmospherical, 246 

influenced by the 

veather, 267 

its cause unknown, 

263 

usually positive, 267 

chemical action pro- 
duces, 289 

affinity suspended 

by, 276, 282 

coagulates albiimoii, 

1138 

combustibles inllamod 

by, 243 

combustion of metals 

by, 270 

common, decomposi- 
tions by, 296 

— identical with Vol- 
taic, 295 

conductors of termed 

electrolytes, 269 

confined to surface, 235 

current ot‘ common, 244 

death of animals by, 

243 

Ricliman by, 249 

decomposition and 

transfer of elements 
by, 276 

by termed electro- 
lysis, 274 

of alkalies by, 278 

siilts by, 276 

water by, 272, 274 

diflers from lightning 

only in degrw, 247 

drawn from the clouds, 

248 

elevation of teinpera- 

timi by, 234 

elements developed by, 

273 , 276, 280 

Galvanic, 258 

glass impermeable to, 

242 

gunpowder inflamed by, 

299 

ice a non-conductor of, 

356 

Ignites compound wires, 

271 

platinum-wire, 270 

ignition of wires by, 

243 

independent of metallic 

contact, 289 

induced, 227 

■ influence of points on, 

238 

inherent of elements, 

279 

• in motion, 236, 296 


Electricity, iodide of potaa- 
rium a test of, 21^ 

— intensity of, 236, 264, 

272 

irritation connected 

with, 269 

magnetism prodiicinl 

by, 296, 308 

magneto, 314 

metals burnt by,- 270 

negative, 223 

opposite statt's of simul- 
taneously produced, 
224 

lK)]ar elu‘mical decom- 
positions effected bv, 
296 

proiluecs nitric acid 

from air, 2f>7 

|H)sitive, 223 

quantity and intensity, 

264, 267, 271 

rtisiiioiis, 223 

tvtirdntion of its pas- 
sage, 298 

wilts decomposed by, 

276 

shootuig-stars imitated 

by, 257 I 

terms recently intro- 
duced ill, 269 

tested by iodide of po> 

tassium, 290 

thermo, 301 I 

theory of, 221 

transfer of elements by, 

277) and note 

transferred from coat- 
ing to coating, 242 
vitreous, 223 

volesmic, 253 

voltaic, 258 

voltaic att(!cts the mag- 
netic-needle, 308 

voltaic heat and light 

of its discharge, 269 

voltaic identical with 

common, 295 

vol taic produces magne- 
tism, 303 

voltaic theory of, 289 

water decomposed by, 

272-274 

by friction, 224 

induction, 227 

arrangements for, 

p8 

its accumulation in the 

Leyden phial, 239 

Bupenflcial, Biot on, 

235 

its analog to lightning 

suggested, 246 

its cause unknown, 221 

chemical agencies, 

272-276 


,„p uuiiiioxioii With 

animal irritability, 259 
crackling noise, 23;{ 

definite quantity , 286 

derivation, 222 

1‘ffectH on tlu^ organs 

of senwition, 259 

escape from p<»iiits. 

238 


excitatinn, 222 

by the contact 

metals, 259 

1 ^, friction, 2;i i 

heat, 301 

identity whh liglit. 

nhig jiroved, 217 

indiictioii 

j air, 239 

I glass, 23f) 

I intensity, 236 

aflect(vl by ex- 
tension of s(irfac(*, 2f.'t 
luminous appear- 
ance, 222 

opposite states, 22l‘i 

passage in vacuo, 

257, 270 

through air, 2 13 

flame, 243 

the limbs of ani 

mals, 258 

^ retarded Ij\ 

water, 298 

reception by points. 

238 

striking distanc(‘, 

243 

velocity of passage 

through coiidnctors.227 

of amber, 222 

cat’s back, 224 

cylinder, 235 

ghiss, 224 

resin, 224 

sphort*, 235 

submarine eruptions, 

254 

tension, 234 

of the elcctrophoruK,24 1 

gyjimotiis, 299 

silurus olectricus, 200 

toiqiedo, 299 

voltaic apparatus, how 

inerf^ased, 267 

voltaic pile, 264 

how modified, 271 

See Voltaic Electricity. 
Electro-chemical action, 27f* 
Electro-chemical characters 
of peroxide of manga- 
nese, 633, note 

decomposition, 285, 296 

its definite natuw, 

286 
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Electro-chemical experiment, 
297 

equivalents, ions and 

electrolytes, summary 
of, 287 

Electrodes aqd cathodes, 269 
Electrolysis, laws of, 274, 
285 

of water, 274 

Electrolytes, ions, and elec- 
tro-clicmical equiva- 
lents, summary of, 269, 
287 

summaiy of, &c., 287 

table of, 286 

Electro-magnet, weight raised 
by, 313, 

floating, 313 

Electro-magnetic phciio- 
ineiia, 308 

apparatus, 311 

ceil circular, 313 

de la Rive’s, 313 j 

connecting-wire, 308 i 

wire, polarity of, 

311 

currents, 309 

diagrams of, 309 

— — sliowr by nuigiictic 
jicihUo, 308 

deflections, diagram 

and in(j(lel of, 309 

of tlie needle, 309 

contrivance^ for 

remembering, 309 
experiments, galvano- 
meter for, 311 

galvanometer, 311 

heliacal arrangements, 

312, 313 

helix, 313 

multiplier, 312 

plinmomoiia chiefly 

shown by voltaic elec- 
tricity, 308 

^ dependent upon elec- 
tricity in motion, 308 
inetaliic contact ne- 
cessary for, 308 

polarity, 311 

robition, 310 

spiral^ 313 

Electro-magnetism, 308 
— ■ Barlow on its tangen- 
tial action, 310 
Do la Rive’s arrange- 
ments for showing, 313 
Faraday on rotation 
produced by, 31 1 
CErsted first discovers 
it, 308 

Ritchie’s galvanometer 
for experiments in, 312 
- - Roget’s contrivance for 

assisting the memory 
K'garding, 309 


Electro-magnetism, Sebweig- 
ger’s galvanometer for 
experiments in, 311 

chiefly developed by 

voltaic electricity, 308 
dependent upon elec- 
tricity in motion, 308 
galvanometer for expe- 
riments on, 311 
mctsdlic contact essen- 
tial for, 308 

Electrometer, Beniict’s, 229 

Coulomb’s, 230 

quadrant, Henley’s, 240 

Singer’s, 229 

volfciic, 286 

Electromotive power of me- 
tals, 259 

iiogativo Ijoflies, 275 

positiv bodies, 275 

negative and electro- 
positive elements, 318 

polarity, 228, 231, 262 

Electropborus, 246 
Electrum, 695, mde 
Elemens de Chimie^ Lavoi- 
sier, 85 

Elementa Chemica^ Bocr- 
liaave’s, 52 
Elements, ancient, 23 

inberenily negatively 

• elcctrieal, 273 

positively elc(!trlcrJ, 

273, 275 

inlegralof crystals, 118 

priiiilt’ivo, 119 

secondary, 119 

modem, 317 

proximate of vegeta- 
bles, 894 

separation of by elec- 
tricity, 273, 278 
transmission of by elec- 
tricity, 273, 276, 260 

ultimate of vc*getables, 

879, 881, 891 

Elementary bodies, table of, 

317 

gases of water, 275 

nature of nitrogen sus- 
pected, 373 

rays of light, 182 

substances,arrangemeiit 

of, 318 

table of, 317 

Elias Ashmole, 15 

the Artist, 10 

Eliquation, 802 
Elixir, .universal, 1 
Ellagic acid, 932 
Ellcgato of ammonia, 932 
Ellicot on expansion by 
heat, 126 
Elm-bark, 1053 
Emerald, 861 

coutaiiis glncina, 811 


Emerald, its analysis, 841 
Emery, 850 

Emetic tartar, 726, 996 
Emotina, its preparation and 
properties, 1040 

gallate, 1041 

Empyreal air of Scheele, 81 
Empyreuinatic oil, 1131 
Emulsin, 917 
Emulsions, 951 
Enamel colours, 668 

of teeth, ll92 

Endekby and Co. on volatile 
liydrocar])on from ca- 
outchouc, 982 

Englefield, Sir H., his 
mountain barometer, 
400 

English cast steel, 666 

jdiosplioruH, 437 

weiglits and measures, 

1201 

Em venerisy 643 
Epidemics, catarrhal, pro- 
bably owing to ^'Cle- 
uium in air, 413 
Epidermis of animals, llHO 

plants, 871 

Epscin salt, 624 
distinguished from oxa- 
lic acid, 998 

nativ.;, 624 

Equilibiium, electrical, dis- 
turbed, 258 
Equisctic acid, 1014 
Equivalent, clectro-clicmi- 
cal, 287 

numbers, how deter- 
mined, 220 

of simple substances, 

317 

Ergot of rye, 1062 
Erman oil insulation, 226 //. 
Erythric acid, 1172 
Esculic acid, 966 note^ 1052 
Essence of leumns, 970 
Essential oils, 965 

of lemons, 970 

Essoiio, fatal explosion of 
gunpowder at, 543 

Etching on glass by hydro- 
fluoric acid, 370 
Etlial, 1187 
Ether, 1080 

— a hydrate of etherine, 

1088 

— acetic, 1102 

— benzoic, 1103 

— citric, 1106 

— chloric, 485 

— chlorocarboiiic, 1102 

— formic, 1101 

— hydriodic, 1107 

— hydrobromic, 1107 

— hydrochloric, 1105 

— hydrocyanic, 1108 
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Ether^ h;^omtrous, 1098 

— muriatic, 1106 

— nitrous, 1098 

— oxalic, 1100 

— oxidized, 1103 

— pyroacetic, 1124 

— Spirit of, 1087 

— suceinie, 1104 

— sulphatic, 1092, 1094 

— sulphocyanic, 1108 

— sulphuricus, 1081 

— tartaric, 1104 

— thiolic, 1108 

— washed, 1083 

— its analysis, 1087 

basis, 490 

boiling-point, 1084 

combinations, 1092 

combustion, 1036 

composition, 892, 

1087, 1091 

discovery, 1080 

distillation, 1081 

evaporation produces 

cold, 162, 168, 1084 

expansion, 128 

freezing-point ? 1086 

habitudes with acids, 

1086 

alkalies, 1086 

•— metals, 1086 

inflammability, 1084 

passage through ca- 
pillary tubes, 1086 tk. 

preparation, 1080 

properties, 1084 

slow combustion, 

1086 mte 

decomposition, 

1086 

solubility in alcohol, 

1087 

water, 1086 

Othor menstrua, 

1086 r' 

scdution of phospho- 
rus,, 1086 

milphur, 1086 

— J^Bpecific gravity, 1081, 
' JM4 

— sul{^uric, 1080, 1094, 

note 

vapour, elastic force 

of, 1085 

— great density of, 

1084 

sp. gr. of, 1084 

volatility^ 1084 

volume affected by 

temperature, 1086 
Ethereal matter, 173 

solution of gold, 817 

vapour, great density 

of, 1084 

Etherification, theory of, 
1089 


Etheriue, 489, 1088 

basis of ether, 490 

bihydrate of, 1088 

chloride of, 490 

combination of with the 

hydracids, 1106 

hydrate of, 1088 

hydrated hyponitrite 

of, 1099 

volume of, 480 

Etherized salts, 1078, note 
Ethero-phosphate of baryta, 
1098 

Ethero-phosphoric acid, 1097 
Ethero-sulphuric acid, 1097 
Ethionic acid, 1097 
Ethule, hyponitrite of oxide 
of, 1099 

Ethyle, or ethule, 1088 
Ettlino on kreoBote, 987 
Euchlorine, 334 

aqueous solution of, 

336 

Enclose, 861 

analysis of, 841 

contains glucina, 841 

Eudiometer, Cavendish*B,352 

Henry’s, 409 

Hope’s, 407 

Pepys’s, 409 

lire’s, 408 

Volta’s, 352, 408 . 

Eudiomctric^ bails of spongy 
platinum, 363 

experiments, 407 

liquids, 409 

solutions, 379 , 409 

Eugenia caryophyllatay 971} 
1068 

Eulbr on light, 173 
EupiOn, 986 

derivation of the name, 

986 

prop^ics of, 986 

Evaporation produces cold, 
167, 170 , 420 

for the production of 

crystals, 109 

spontaneous, of liquids, 

167 

solutions of salts, 

109 

See Boiling and Heat. 

Evolution of heat by com- 
pression, 160 

congelation, 164 

©flight, 182,200,233, 

239 

Excitation of electricity, 222 

electro-chemical, exists 

with electro-chemical 
decomposition, 292 
Exosmose and endosmosc ex- 
periments with hydro- 
gen 360 

Excrements of animals. 1194 


I Expansion by heat, eee Heat. 

I of liquid carbonic acid 

by heat, 471 

permanent, of zinc by 

heat, 126 

— sudden, of oil-gas, 484, 
mte 

Experiments on the colouring, 
matter of Prussian 
blue, 84 

E^losion of Berthollot’s gun- 
powder at Essone, 543 

hre-damp, how affected 

by gaseous mixtures, 
481 

sound of, in thunder* 

storms, 252 

Extinction of flame by cool- 
ing, 208 

Extract of belladonna, 1067 
— ■ — cascarilla, 1062 

chamomile, 1067 

colchicum, 1060 

columbo, 1050 

dandelion, 1061 

gentian, 1050 

henbane, 1066 

bops, 1069 

— — jalap, 1050 

logwood, 1064 

sarsaparilla, 1051 

stramonium, 1057 

— • bark, 1062 

valerian, 1052 

vegetable, 923 

Extractive bitter, 924 

— brown, 923 
coloured, 923 

— matter, 923 
Extracts, preparation of, for 

pharmaceutical use, 
923 

Eye, humours of the, 1166 

Fabbroni on alcohol, 1067 
Fahrenheit’s thermometer, 
43, 138 

scale, 137 , 138 

Falling stars, 257 
Fathers of chemical pliiloso- 
phy, 2 

Faraday, Dr., his electrical 
terms, 268, 274 
his experimental re- 
searches, 273 

his theory of the vol- 
taic pile, 290 

hiB voltaraetor, 286 

on absorption of am- 
monia by chloride of 
calcium, 693 

alkalimetry, 563 

.. . ... ammonia - chloride of 
calcium, 693 

— — analyses of glass, 867? 
note 
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Faraday, Dr.^onbicarlbonate 
of hydrogen, 487 

caoutchouc, 981 

chlorides of carbon, 477 

chloride of silver, 803 

crystals of sulphate of 

Soda* 579 

definite electrical de- 
compositions, 286 

efflorescence, 109, note 

electricity, 286, 287, 

et seq, 

- — electro-chemical de- 

composition, 285 

equivalents, 287 

electro-magnetic rota- 
tion, 310 

clectro-magnetiBm,308, 

note 

glass, 867 

hydrochloride of car- 
bon, 485 

hydriodide of carbon, 

486 

identity of voltaic and 

common electricity ,295 

— induced magnetism, 
306 

limit to vaporization, 

412 

liquid ammonia, 392 

carbonic a(‘id, 470^ 

chlorine, 331 

cyanogen, 499 

■ cuclilorinc, 338 

muriatic acid, 392 

nitrous oxide, 376 

sulphurous acid,420 

sulphuretted hydro- 
gen, 433 

liquefying gases, 170 

■ inagiiidiHin, 306 

■ magnetic spark, 315 

niagneto-electricity,314 

magnetism of nickel, 

,689 

musical sounds of hy- 
drogen, 350 

nitric acid from atmo- 
spheric air, 297 

oxide of silver, 802 

• platinum and hydrogen, 

353 

polar decompositions, 

296 

^ — 5J16^ disinfecting liquid. 



“ sulphuric acid on uapli- 
tbalin, 493 

temperature of steam, 
161 

and Phillips on chlo- 
ride of carbon, 478 


Faraday and Stodart on 
alloys of steel with 
nickel, 694 

platinum, 832 

rhodium, 837 

^ silver, 812 

Fat, action of various agents 
on, 1186 

— distillation of, 1186, note 

— elainand steorincof, 1185 

— uses of, 1186 

— varieties of, 1185 

— animal, 1185 

— of birds, 1189 

— bone, 1192 

— ducks, 1189 

— goats, 1186 

— goose, 1189 

— hogs, 1185 

— human, 1185 

— insects, 1180 

— mutton, 1186 

— ox, 1185 

— turkeys, 1189 

— lutes, 863 

Featliered shot copper, 703 
Feathers, composition of, 
1180 

used as electroscopes, 

222 

Febrifuge salt of Silvius, 
1116 

’ Felspar, 861 

Frneullk, on asariii, 1049 
Fermenttitioii, 1062 

checked by sulphurous 

acid, 421 

evolves carbonic acid, 

1065 

acetous, 1109 

putrefactive, 1129 

vinous, 1062 

Femambouc w'ood, 937 
Ferriferous oxide of uranium, 
732 

Ferrochyazic acid, 654 
Ferrocoiumbate of manga- 
nese, 783 

Ferrocyaiiic acid, 654 
Ferrocyanogeii, 651 
Ferrocyaimte of ammonia, 
654 

potassa, 651 

iise<i as a test, 663 

Ferrocyaiiuretof baxiuin, 665 

of bismuth, 781 

calcium, 655 

cobalt, 687 

copper, 707 

lead, 719 

magnesium, 656 

nickel, 692 

potassium, 651 

sodium, 655 

strontium, 665 

till, 679 


Fcrrocyonurct of uranium, 

735 

zinc, 673 

Ferrocyanurets, 661 

their decomposition by 

heat, 651 

Forrosesquicyauic acid, 656 
Ferrosesquicyaimret of bis- 
muth, 731 

Ferrosi^squicyanuret of iron 
(Prussian blue), 656 

of lead, 656 

barium, 656 

calcium, 656 

potassium, 655 

sodium, 656 . 

a test of iron, 655 

Ferrosesquicyanurcts, 665 , 
Ferrosiilphuret of copper, 

702 

Ferrum amiMmaium^ 643 
Fibrin, 1142 

action of acids on, 1143 

; various agents on, 

1144 

amilysisof, 1144 

muriate ofc 1143 

sulplialfe^M, 1143 

Fa iNus on cyi^na, 1040 
Filings of tin, 674 
Filtration, apparatus for, 540 
Fire, 32 

— warming rooms by, 195 

— damp of coal-mines, 209, 

481 

beat necessary for its 

explosion, 482 

— placets {ict as ventilators, 

134 

— red, 616 

— wliite, 754 

Fireworks, nitrate of soda 
emj)loyed in, 676 
Fish, air-bladders of, 1108 

— eggs or roe of, 1189, n. 

— c?lectrie organs of, 299 
Firniiaher on bryonin, 1050 
Fischer on aiigustura bark, 

1052 

Fislu'ry, salt, 573 
Fixed air, 55, 75, 86, 467 

Bergman on, 75 

Black on, 55 

Brownrigg on, 56 

Cavendish on, 79 

Priestley on, 63 

alkalies, 523 

— nitre, 561 

— oils, 951 

— sal-ammoniac, 593 
Fixation of mercury by 

Hermes, 6 

Flake white (ceruse), 718 
Flame, Davy on, 92, 209 

— arc of, 269 

— coloured, 605, 616, 628 
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Flame, existence of in rarefied 
air, 414 

— experiments on, 414 

— green, 628 

— limits to its existence, 

415, note 

— luminosity of, 206 

— monochromatic, 206, n. 

— red, 606, 616 

— section of, 207 

— somid prcriuccd by, 360 

— support of, influenced by 

the presence of gases 
in air, 416 

— yellow, 206 

— its conical form, 206 
extinction by cooling, 

208 

wire-gauze, 208 

liigh temperature, 

206, 208 

hollow nature, 207 

interior iion-lumi- 

ous, 207 

light, 205 

nature, 205 

production, 205 

section, 207 

— of carbonic oxide, 415 

— hydrogen, 414 

— sulphur, 415 

— sulphuretted hydrogen, 

415 

— phosphorus, 415 
Flash of lightnuig, its pro- 
gress, &c., 252 

Flavour of plants affected by 
light, 183 
Flint, 855, 9wie 

— glass, 865 
Flints, liquor of, 859 
Floating electro-magnet, 313 

spiral-magnetic, 313 

Florentine Academicians, 43 
glasses, 137 

well -digger, 400 

Flores marlines, 643 
Flosferri, 603 
Flowers, 873, 1057 

colouring -matter of, 

942 

pollen of, 918 

of benzoin, 974 

sulphur, 418 

zinc, 668 

Fluid, electrical, 221 
Fluids expand b; heat^ 1245 

see Liquids 

and heat constitute va- 
pours, 156 

Fluoborate of ammonia, 513 

lime, 605 

Fluoboric acid, 512 

gas, 512 

Fluor, 596 
— compact, 696 


Fluor-spar, 596 

contains fluorine, 346 

crystals of dissected, 

114, 120 

phosphorescent, 199 

primitive form of, 1 14 

Scheelc on, 83 

Fluoride of aluminum, 850 

arsenic, 762 

barium, 608 

bismuth, 730 

boron, 512 

cadmium, 681 

calcium, 346, 370, 596 

cerium, 740 

chromium, 773 

cobalt, 685 

columbium, 783 

copper, 700 

glucinum, 842 

iron, 644 

potassium, 644 

lead, 714 

lithia, 689 

magnesium, 622 

manganese, 636 

mercury, 792 

molybdenum, 763 

nickel, 690 

potassium, 371, 547 

silicium, 857 

silver, 804 

sodium, 576 

strontium, 616 

tin, 677 

titanium, 738 

yttrium, 845, 846 

zinc, 670 

zirconium, 844 

Fluorides, metallic, 526 
Fluorine, 346 

exists in fluor-spar, .346 

has not been obtained 

in an hisulated state, 
346 

its action on metals, 526 

union with calcium, 

596 

hydrogen, 370 

potassium, 647 

sodium, 675 

Fluosilicic acid, 370 
Flusspath, 596 
Flux, black, 567 
# — white, 661 
— useful to the chemist, 
8265 note 

Fluxes for blowpipe opera- 
tions, 520, note 

use of in metallurgical 

operations, 567 
Fly-poison, 1054 
— wheel, electrical, 238 
Foci of mirrors for radiation 
ascertained, 187, note 
Folkes, Martin, 68, note 


Food, animal and vegetable, 
preservation of, 1133 

— vegetable, nutritive in- 

gredients in, 922 

— influence of on milk, 1 159 
Forchammer on , ammonio- 

sulphate of iron, 648 
— • on oxide of manganese, 
632, 633 

Form, primitive of crystals, 
118 

of diamonds, 459 

— secondary of crystals,! 18 
Formiate of ammonia, 1012 
baryta, 1013 

copper, 1013 

lime, 1013 

magnesia, 1013 

potassa, 1012 

soda, 1013 

strontia, 1013 

I Formiates generally, 1013 
i Formic acid, 994, 1011 

ultimate analysis of, 

1012 

I ether, 1101 

Fourcroy, 91 

on adipocere, 1134 

animonio-sulphato of 

magnesia, 624 

ether, 1085 

< hyposulphite of zinc , 670 

oxide of mercury, 785, 

786 * 

phosphate of magnesia, 

625 

and Vauquelin on pol- 

lenin, 918 

Fowler’s muieral solution, 
- — 746 

Foxglove, 1039, 1057 
Fracture of crystals, 109, 
114, 117 

of diamonds, 458 

gems, 114 

Fragaria vesca, 1059 
Franklin on cooling in 
vacuo, 196 

on electricity, 221, 247 

lightning - conductors, 

247 

Priestley’s discoveries, 

68, note 

proves the analogy be- 
tween electricity and 
lightning, 248 

Fhanki.in*s eloctricnl kite, 

248 

theoryof electricity, 241 

Frauenhofer’s lines in the 
Spectrum, 183 

Freezmg and boiling simul- 
taneously, 168 

and melting-points, 

table of, 156, 157 
of mercury, 784 
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Freezing of mercury in the 
Arctic regions, 147 

mixtures, table of, 166 

point of sea-water, 621 

of water bursts bomb- 

shelly, 366 

by ether, 168 

evolves heat, 164 

French weights and mea- 
sures, 1202 
Fresnel, 123, iwte 
on extraordinary re- 
fraction, 179 

on heat, 123 

light, 173 

Fkiak Bacon, his works, 6 
Frigorific mixtures, table of, 
166 
Frit, 866 

Frogs, limbs of, prepared for 
galvanic experiments, 
268 

Frommherz on oxide of man- 
ganese, 636 

Frost-bearer or eryophorus, 
169 

Fruits, 1058 

— analysis of, 877 

— colouring-matter of, 043 

— jelly of, 896 

Fuchs on mcombustible pa- 
per, &c., 869 • 

— potaasa from minerals, 

640 note 

Fuci a source of soda, 584 
Fwim vestcnlosus contains 
oxygen, 66 

Fulminate of baryta, 798 

mercury, 797 

potassn, 811 

silver, 810 

zinc, 798 

Fulminates, metallic, 632 
Fuhniiiatiiig gold, 817 

mercury, 797 

platinum, 827, 831 

powder, 652 

silver, 802, 810 

Fulminic acid, 602, 798 

action of on metals, 532 

Fumigation, 333, 387, 1135 

by chlorine, 333, and n, 

nitric acid, 387 

Fuming liquor, Boyle’s, 436 

Libavius’s, 676 

sulphuric acid, 424 

Functions, animal, 1193 

Fungi, 1064 
Fungic acid, 1014 
Furnace for smelting iron,660 
Fuscin, 1132 
Fusible calculi, 1177 

metal, 732 

bath of, for temper- 
ing steel, 666 
salt, 583 


Fusibility of metallic alloys, 
633 

of metals, table of, 621 

Fusing-points of metals, 141 
Fusion, application of the 
term, 163 

— — crystals by, 110 

of magnesia, 620 

Fustic, 941 

Fyfe on the solubility of mag- 
nesia, 620 

Gadoltn discovers yttria, 846 

on yttria, 846 

Ga<lolinite, 739, 845 
Gahn on crystals, 114 

— manganese, 630 
Gahnitc, 669 
Galena, 716 

reduction of, 715 

Galileo on air, 400 
Gall, ox, 1161 

— glass, 866 

— nuts, gallic acid extrtict- 

ed from, 931 
— stones, 1162 
Galleriasparagin, 1161 
Gallenstotf, 1160 
Gallatc of cinchoiiia, 1026 

emetma, 1041 

quinia, 1029 

Gallates, geneKil characters 
of, 931 

Gallic acid, 926, 931 

precipitates nitrate of 

lead, 932 

persulphate of iron, 

932 

ultimate analysis of, 931 

Gallipoli oil, 965 
Galls, infusion of, table of its 
precipitates with metals, 
930 

Galvani, discoveries of, 93, 
268 

Galvanic apparatus, 263 

arraiigements, 268, 263 

circles, compomid, 264 

simple, 262 

experiments, 268 

pile, 264 

Galvanism, 268 

chemical agencies of, 

260 

effects of, on animals, 

269, .and note 

electro-chemical effects 

of, 260 

see Electricity and Vol- 
taic Electricity, 
Galvanometer, Ritchie’s, 311 

Schweigger’s, 311 

Gamboge, 977 
Garlic, 1049 

Garnet on mineral waters, 
1211 
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Garot on sulphosmapic acid, 
966 

Gas, the term first mentioned 
by Van Helmont, 23 

retained by Lavoisier; 

86 

— ommoniacal, 391 

— arsenuretted , hydrogen, 

753 

— carbonic acid, 470, 471 
oxide, 464 

— carburetted hydrogen, 

480 

— chlorine, 331 

— chlorous acid, 337 

— clilorocorbonic acid, 466 

— chloronitrous, 379 

— coal, 496 

— cyanogen, 499 

— euchlorinc, 334 

— fluoboric, 612 

— hydriodic acid, 367 

— hydrobromic acid, 369 

— hydrochloric acid, .360 

— hydrofluoric acid, 370 

— hydrogen, 347 

— hydrophosphoric, 461 

— muriatic ludd, .360 

— nitric oxide, 377 

— nitrogen, or azote, 371 

— nitrous, 377 

acid, 380 

oxide, 374 

— oil, 496 

— olefiant, 483 

— oxygen, 327 

— phosphuretted hydrogen, 

450 

— phosgene, 466 

— potassiuretted hydrogen, 

548 

— resin, 496 ^ 

— seleiiiiircttccy^ hydrogen, 

466 f 

— silicated fluoric acid, 867 

— sulphuretted hydrogen, 

433 

— sulphurous 4cid, 419 

— Buperolefia^t, 490 

— tcllurcttedj hydrogen, 743 
r— bottle, irolo, for oxygen, 

327 \ 

— cliandclicrs, Vycntilation 

by, 134 

— coke, 496 

— holder, 324 

— illumination, apparattua 

for, 495 ^ 

— — ecQpomy of, 499 

— jars, 323 

— liquor, n source of ammo- 

niacal salts, 430 

— from stagnant waters, 481 
Gaseous mixtures, their ana- 
lysis by spongy plati- 
num, 363 
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Gases, absorption of by char- 
coal, 4G1 

— apparatus for, 323 

— aqueous vapour of, 405 

— bad conductors of heat, 

145 

— collected, 323 

— combine in definite vo- 

lumes, 217 

— condensation of, 170 

— desiccation of, 328, 406 

— dried by chloride of cal- 

cium, &c., 406 

— cflects of pressure on, 

170 

— evolved in organic analy- 

sis, cautions regarding, 
800 

— expansion of, 124 
by heat, 132 

— form solids and liquids, 

214 

— hydrogen and oxygen, 

their purity judged of, 
408 

— liquefaction of, 162, 170 

— liquefied, table of, 170 

— mixed with air, affect its 

power of supporting 
fiame, 416 

— permanent, have a power 

of affecting combustion, 
416 

— produce a liquid by com- 

bining, 214 

a solid by combining, 

214 

— refractive power of 177 

— rules for correction of 

their volumes, 404, n, 

— specific gravity of, how 

determined, 403 

tabular view of, 407 

glass balloon for, 403 

differt^nt to air, how 

collected, 334, note 

— specific heat of, 149, 150 

— tendency of to mix, 

though (Of different sp. 
gravities, 350 

— used for illumination, 

analysiw of, 497 
— volumes of, corrected for 
aqueous vapour, table 
of, 405 

corrected for pressure, 

404, note 

temperature, 404, 

note 

Gasometer, 325 

mere uMal|||^6 

Gasometers in gas-works, 495 
Gassicourt on jalap, 10^ 
Gastric juice, 1164, 1194 

muriatic acid in, 365, 

1164 


Gauge and bar for expansion 
of metal by heat, 123 
Gauges for air-pumps, 402 
Gautier on Anthemis pyre- 
thruriiy 1049 

Gay Lussac on alcohol, 1071, 
1073, 1080 

alumina, 849 

atomic theory, 41, 102 

boiling-point of water, 

169 

carbonate of lime, 602 

chloric acid, 338 

crystallization, 112 

cyanogen, 499 

sulphur, and hydro- 
gen, 607 

cyanurct of chlorine, 

502 

, dried grapes, 1066, note 

ether, 1089, 1084 

gunpowder, 664 

— hydrate of lime, 692 

hydriodic acid, 367 

gas, 369 

hydriodic ether, 1107 

hydrocyanic acid, 504 

hyponitrous acid, 379 

hyposulphato of baryta, 

610 

hyposulphite of strontia, 

617 

hyposulphurous acid, 

430 

iodate of baryta, 608 

iodide of potassium, 546 

zinc, 670 

magnesia, 620 

nitrate of baryta, 608 

soda, 676 

nitric oxide, 378 

oxide of iron, 640, 641 

tin, 675 

pyrophori, 679, 558 

proto and per salts, 523 

paratortoric acid, 1065, 

note 

steam, 168, 161 

sulphate of magnesia, 

624 

soda, 678 

sulphite of lead, 710 

Gay Lussac and Thrnard on 
acetic acid, 1109 

on alloys of arsenic, 767 

boron, 610 

'.caseum, 1156 

egg-albumen, 1138 

iluoboric acid, 512 

organic analysis, 882 

phosphuret of potassi- 
um, 560 

potassium, 636 

and ammonia, 654 

starch, 913 

sugar, 904 


Gay Lussac and Thbnard on 
ultimate analysis of dif- 
ferent woods, 921 

organic bodies, 882 

and Welther on hypo- 

sulphuric acid, 431 
Gay Lussac, J., on parafinc, 
985 

and Pelouzb on lactic 

acid, 1128 
Gazolyta, 318 
Gazolytes, 318, 319 
Gbber the alchymist, 5 

— list of his works, 5, note 
Geberish or gibberish, origin 

of, 6 

Gbhlbn, death of by arseiiu- 
retted hydrogen, 753 
Geiger on bisulphate of po- 
tassa, 658 

on castor-oil seeds, 1061 

G’iine^ 923 
Gelatine, 1180 

action of, on tannin, 928 

various agents on, 

1181 

composition of, 1181 

tannin a test of, 1181 

— varieties of, 1182 
GellErt and Limbourg, 39 
Gentian, extract of, 1050 

root, 925, 1046, 1050 

active principle of, 1046 

Oenliana ItUea, 1046, 1050 
Gentianin, 1046 
Gbopproy, 38 

on a;ffimty, 38 

Geometrical solids, construc- 
tion of, 118 

Groometry of the chemical 
elemt'nts, 40 

George on titanium, 7*^6 
Gerard on ether, 1085 
German silver, 695, note 

or Nordliausen acid, 424 

Germination of seeds, 869 

aftected by light, 870 

evolves heat, 878 

requisites for, 870 

sugar formed by, 

870, '910, mte 

Geyser springs contain silica, 
856 

Gibberish, Dr. Johnson's de- 
rivation of, 6 

Giubes on adipocerc, 1134 
Giese, his formula for ob- 
taining dilute hydrocy- 
anic acid, 506 

Gilding by ethereal solution 
of gold, 817 

porcelain, 821 

water, 821 

Gilpin on sp. gr. of mixtures 
of alcohol and water, 
1075 
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Gilpin on sp. gr. of water at I 
different temperatures, 
1203 

Ginger root, 1040 ' 

Glaeial acetic acid, 1115 

phosphoric acid, 444,, 

602 

sulphuric acid, 424 

Glance coal, 463, 983 

cobalt, 683 

Glandular diseases alleviated 
by iodine, 340, mte, 34 1 
Glasrr’h poly direst Siilt, 551 
Glass, action of water on, 
864, note 

solution of potassa on, 

540 

— alkali of, abstracted by 

water, 864 

— analysis of, 867, wote 

— annealed, 866 

— arsenic, a flux for, 865 

— borate of lead, a flux for, 

867, note 

— colour of, improved by 

manganese, 865 

— colouring of, 868 

— composition of its varie- 

ties, 864, 867 

— crown, its composition, 

867 

— cullet, 867, nate • 

— effects of long fusion on, 

866 

— electrical by friction, 222 

— enamel, 868 

— essential components of, 

865 

— etching on by hydroflu- 

oric acid, 370 

— flint, its composition, 866 

— fluxes for, 865 

— frit, 865 

— fritting of, 865 

— furnace, 865 

— fusibility of, increased by 

oxide of lead, 865 

— gall, 866 

— green bottle, its compo- 

sition, 867 

— impermeable to electri- 

city, 242 

— London flint, 865 

— manufacture of, 864 

— oxide of lead in, 865 

‘ — plate, its composition, 867 

— pots, 866 

— proofs, 866 

— radiant matter arrested 

by, 187 

— transmitted by, 1 87 

— soap (black-oxide of 

manganese), 865 

— unannealed, 866 

— of antimony, 723 
its purity tested, 723 


Glass, phosphorus, 438 
— andjplatinum, expansion 
of, 127 

Glauber, 25, 26 

— describesartificial nitre, 
548 

muriatic acid, 26, 

pyroligneous acid, 

25, 1113 

spirit of salt, 26, 364 

sulphate of ammo- 
nia, 26 

— soda, 26 

— volatile alkali, 25 

discoveries of, enume- 
rated, 26 

improves apparatus, 27 

work of, 27 

Glauberite, 600 
Glauber's salt, 26, 677 

its crystals, 108, 109, n. 

— - instantaneous crys- 
tallization of, 112 
— - — evolves heat, 156 
Glaze for pottery, 862 
Gliadinc, 916 
Glowing lamp, 207 
Glow-worm, 200 
Globules of the blood, 1136 
Glue, 1181 

action of acids on, 1181 

manufacture of, 1182 

Glucina, 841 

its bisulphatc, 842 

carbonate, 842 

name, origin of, 841 

nitrate, 842 

— phosphate, 842 

— salts, general cha- 

racters of, 842 

sources, 841 

specific gravity, 841 

sulphate*, 842 

Glucinum, its chloride, 841, 
842 

fluoride, 842 

oxide, Ml 

sources, 841 

Gluten, .abundance of in 
wheaten flour, 915, ra. 

action of acids on, 916 

alkalis on, 916 

on starch, 917 

affects the colour of 

guaiacum, 977 

causes the offensive 

smell of rotting plants, 
918 

— properties of, 915 

sources of, 915, 916,944 

ultimate analysis of, 

918 

Glycerine, 959 

hydrate of, 959 

its ultimate analysis, 

960 


Glycium, 841 

Glycyrrhiza glabra, 997, 
1042, 1050 
Glycyrrhizin, 907 

acetate of 907 

sulphate of, 907 

Gmelin on borates, 511, 614 

cobaltic acid, 688 

cobaltocyanurct of po- 
tassium, 687 

coffee-bitter, 1043 

crocenic acid, 464, note 

— cuprocyanuret of potas- 
sium, 707 

— » — cyanurct of platinum 
and potassium, 831 

— indigogene, 946 

— mezereon, 1052 
oxychlorate of potassa, 

545 

refractive power, 176 

siliceous minerals, 861 

tartrate of lithia, 993 

Goat's fat, 1186 

acid of, 1186 

milk, 1158 

Gobel on chloride of anti- 
mony, 722 

quinia, 1026 

tartrate of lead, 995 

G6bbl's pyrophorus, 995 
Gooprev Hanokwitz makes 
phosphorus for sale, 
437 , note 

Gold coinage, 820, and note 

— colour^ alloy of pla- 

tinum, 832 

— colours glass, 868 

— finely divided state of, 

814, 816 

— fulminating, 8^7 

— imitations ^,832 

— leaf, its /transparency, 

516 I 

electrometer, 229 

— j)owder, 1121 

— pimi, 81 4 

— purple J)lour produced 

from, »17 

— solvent for, 389 

— standari, 708, 820 

— its olchy jnical name and 

symbol, 8(14 

alloy wwh bismuth, 

820 

cobalt, teo 

copper, 533, 'R20, 

and note 

lead, 819 

manganese, 819 

nickel, 819 

— palladium, 835 

platinum, 832 

tin, 819 

zinc, 819 

alloys, 818 
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Gold, its sll<^ gr. ol, 
819 

amalgam with mer- 
cury, 820 

ammoniuret, 817 

assay , 812 

bromide, 818 

chloride, 816 

ethereal solution 

of, 817 

colour destroyed hy 

palladium, 885 

crystals, 814 

cyanurct, 818 

dcutoxide, 815 

ductility, 814, 863 

ethereal solution, 81 7 

— — fusing-point, 814 
fusion, crucibles I'or, 

863 I 

iodide, 818 | 

inallealjility, 814 | 

niiiriate, 816 

oxides, 814 

perchloride, 816 

peroxide, 815 

phosphurct, 818 

physical properties, 

814 

properties, 814 

protochloride, 815 

protoxide, 814 

salts, their general 

characters, 821 

solution in nitro-inu- 

riatic acid, 389 

— — specific gravity, 814 
sulphocyanuret, 818 

— — sulphuret, 818 
Golden calf, 10 
-jg — rod, 941 

sulphur of antimony, 

724 

work of Hermes, 4 

Goniometer, descrix)tion and 
use of, 115, 116 
Gooseberries, 1061 
Goose-fat, 1189 
Gorham on mai^ze, 1062 
Goulard’s exti^t of lead, 
1122 

Graham on alc ohol, 1071 

alcohola^s, 1077 

combustion of phospho- 
rus,,/ 440 

crystallization, 112 

r - exosmose and endos- 

mose, 350 

metaphosphoric acid, 

445 

Grain tin, 674 
Granular gypsum, 599 

sugar, 905, 

Grape sugar, 905, 906 
Grapes, 1062 
acid of, 989 


Giapeo^ driod, cause of their 
keeping, 1066, nofa 

• Graphic ore, 742 
Graphite, or plumba^, 463 
Gravitation, attraction of, 
105 

its laws followed by 

electrical powers, 230 
Gravity, specific, see Specific 
Gravity 

Gray cast-iron, 664 
Greasy oils, 955 
Green hydrous carbonate of 
copper, 706 

— quartz, 855, note 

— sand, 699 

— veniitter, 705 

— vitriol, 421 

— vitriol, native, 648 

— wax-taiK‘rs, 329 
Gregor discovers titjuiium, 

, 735 

I Gre(H)Ry and Hobertson, 
Hrsw, on niorjdmi, 1016 
Gkkv, Dr., hints at the .ana- 
logy between electricity 
and lightning, 246 
Griffiths on boiling-points, 
161 

charcoal, 460 

glass, 864, note 

Guoening on alcohol, 1072 
Gros, M., 12 

Grotthus on biphosphiiret of 
hydrogen, 452 

sulphocyanuret of co- 
balt, 688 

1 sulphurous acid, 420 

GRt>uvELLB on bismutli, 730 

nitrate of mercury, 793 

Guaiacum, 977? wo/e 

action of nitric acid on, 

977, note 

tincture of, a test for 

i copper, 977, note 

officinale, 1053 

GuKRix-VARRYon hydroxalic 
acid, 1004-1006 

on mucilage, 896 

Guiijourt on castor oil, 954, 
note 

— — on oxide of mercury, 
185 

■ Gum, action of chlorine on, 
895 

nitric acid on, 895, 

1004 

— — salifiable bases and 

salts on, 835 

sulphuric acid on, 

895 

— composition of, 896 

— sources, modifications, 

and properties, 894 

— ultimate analysis, 896 

— arable, 894 


Gum anbii^ q», gr. of, 894 

— oenegfti, 896 

— tragacanthy 894 

— resins, 977, note 
Gummate of lead, 896 
Gun-barrel appara^is for 

making potassium, 535 
Gunpowder, anagram of its 
composition, 7 

analysis of, 554 

combustion of under 

water, 554 

com)>o.sition of, 5r>2 

eprouvette for, 553 

explosive fon;e of, 554 

inflanied hy eleetrieilv, 

299 

pereuRsIon, 564 

made with idilorate of 

])otassii, 54.3 

I inanufuetiire of, 55.3 

preparation of ehareoai 

for, 460 

for i>ereussi’f)ii-eaps, 

544 

products of when 

burned, 552 

proportion of charcoal 

in, 552 

nitre in, 552 

sulphur in, 552 

— *•— strength dotemiiiujd, 
553 

varieties bf, 652 

Guyton Morveau oiinomen- 
clatiiro, 91 

on the combustion of 

the di.amond, 467 
Gymnoti, experiments with, 

300 

Gymnotus, 299 

described by Hunter, 

299 

effects of witnessed by 

Humboldt, 300 

tilectrical effects of 

ux)on horses, 300 
Gypsum, 698, 599 

derivation of the term, 

599, note 

anhydrous, 699 

granular, 599 

massive, 599 

satin, 599 

Haemachrome, 1144 
Haematite, 642 
Hsematosyn, 1144 
Hmatosylm campechiamm, 
1054 

Hagkn on lignum vita, 1053 
Haidinger on anhydrous sul- 
phate of soda, 579 
Hail-stones, their crystalline 
structure, 356 
Hair, composition of, 1184 



Hair, head of, electrical, 236 

— pyrites, 690 

— salt, 624 

Halbs, Dr., apparatus of, 47 

experiments on air, 48 

pneumatic chemis- 

try, 47 

respiration, 48 

vegfetation, 49 

Ifaliographia of Basil Valen- 
tine, 18 

Hall, Sir J., on tho action 
of heat upon chaltc un- 
der pressure, 005 

Dr. M., on the action 

of water oil metals, 520 j 
IIallam compares Roger Ba- 
con with Ld. Bacon, 0 
on the discovery of gun- 
powder, 7 

IIallky on magnetism, 300 

on tli^ rmoinutcrs, 42 

Hallstkom on maximum 
density of water, l?9, 
note 

TIalogeuia, 318 
Halogens, 319 
Haloide salts, 524 
IIanstkbn on iiiagnotisin, 

300 

Hard soaps, 958 

— waters, 598 • 

solution of soap a test 

for, 959 

Hardening steel, 000 
Hardness of metals, 518 
Hark, Dr., his voltaic appa- 
ratus, 207 

Harmotome, 014, note 

harytic, 801 

Harris on electricity, 243 

magnetism, 305 

Hartshorn, spirit of, 1131 
Hassknfratz on mineral 
waters, 1211 
TIatchetine, 982 
Hatchktt oil albumoii, 1139 

alloys of gold, 533, 720, 

818, 819 

analysis of antiinonial 

compounds, 727, tKtte 

antimony, 720 

artificial tannin, 927, n, 

benzoic acid, 974 

bismuth, 728 

bitumens, 982 

Boumoiiite, 727> 

camphor, 968 

columbium, 781 

gelatine, 1180 

Wigo, 946 

lac, 940 

magnetism, 307 

mucus, 1105 

phosphuretof iron, 649 

shell and bone, 1191 
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Hatchirt on sulphuret of 
iron, 645 

synovia, 1166 

Hauy on crystals, 114, 118 

native chromate of lead, 

772 

primitive forms, 118 

Head of hair, dcctric^, 236 
Heartwood, 871 
Heat, 123 

— Black’s experiments on 

the capacity of bodies 
for, 148 

— Black on that of liquefac- 

tion, 152 

— Blagden, Sir C., on its 

evolution during con- 
gelation, 154 

— Cagniard de la Tour, his 

experiments on that of 
vapoiii J, 100 

— Celsius, his scale for de- 

gives of, 138 

— Cliaiiti'cy on its bad con- 

duction by air, 140 

— Clement and Desormes 

on that of air, 150 

— Dalton on that of vapour, 

107 

— Danioll, his pyrometer for 

measuring, 140 

— Da >7 on Its radiation by 

mirrors, 188, in vacuo 

on its retention, 194 

that of flames, 205 

— Delaroclu* and Bcrard on 

that of gases, 149 

— Du long and Arago on that 

of steam, 104 

and Petit on expansion 

of solids by, 125 

air by, 132 

on specific, 149 

— Fahrenheit’s scale for de- 

grees of, 138 

— Florentine Academicians, 

their experiments on, 

137 

— Franklin on its loss in 

vacuo, 196 

— Fresnel on, 123 

— Gay Lussac on its effects 

upon liquids, 158 

— Griffiths on that of boil- 

ing solutions, 101 

— Ilerschel, Sir J., on its 

conduction, 142 
on that of tho prisma- 
tic spectrum, 186 

— Home, Sir E., on its ab- 

sorption by black skin, 
191 

— Hooke’s data for ascer- 

tauiing degrees of, 138 

— Ingcnhousz on its conduc- 

tion, 143 
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Heat, Lavoisier’s experi- 
ments on, 148 

— Leslie on its radiation, 

187 

— Leslie’s table of radiators 

of, 194 

— Mayor on its conduction, 

143 

— Melloni on its passage 

through diathermoiis 
bodies, 193 

— Newton’s data for ascer- 

taining degrees of, 138 

ideas conceniiiig it, 

192, and note 

— Pearsall on phospliori bv, 

200 

— Pictet on its absorption by 

a blodceued thermome- 
ter, 191, note 

— Reaumur’s scale for de- 

grees of, 138 

— Rumford, Count, on its 

coudiictioii, 143 
on its loss ill vacuo, 190 

— Schecle on its iveUatioii, 

187 

— Stark on its radiation, 191 

note 

— Taylor, Dr. B., tests the 

accuRUjy of the ther- 
mometer as n measure 
of, 140 

— Ur^’h iable of expansion 

of solids by, 125 

table of, in melting or 

congealing, 150 

that of boiling 

l)oints, 100 

— Walker on its aWraction 

by freezing ^nixtiires, 
155 / 

— Watt’s csti^to of tho 

bulk of sjfeara, 158 

— W edgwooj, his pyrometer 

for measuring, 140 

— Wells, Dr.l on its radia- 

tion in ipture, 202 

— ahsorptioif of by air in ex- 

panding 151 

by bla^k surfaces, 190 

bodies liquefying, 153 

ice in liquefying, 153 

metals in imeltiug, 153 

unmetallic sixjrfaccs, 

190 

— abstraction of, 147 ‘ \ - 

— accelerates vaporization^ 

167 

— action of, on chalk, 605 

fixed oils, 962 

metals, 618 

oxalic acid, 998 

wood, 920 

— accompanies intense che- 

mical action, 212 
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Heat, a{{rif(onn bodies expand 
* by, 124, ISSl 

— affinity, chemical, affected 

by, 211 . . 

air a conductor of ? 145 
a .very imperfect con- 
ductor of, 145 

— — confined, a bad con- 

ductor of, 147 

— — its cliange of bulk by, 

132 

expansion by, and 

consequent levity, 133 

— alcohol, its expansion by, 

128 

— aninuil, 1198 

its retention by cloth- 
ing, 144 

— anomalous- expansion of 

water by its removal, 129 

— antagonist power to at- 

traction, 123 ^ 

— apparatus for boiling in 

vacuo by, 163 

— ascending currents of in 

water, 131, 132 
^ attraction opposed by, 123 

— bad conductors of, 143 

— boilers for experiments on, 

163, 165 

— boiling of water, 138 

— brass and steel bar, its 

expansion by, 127 

— brick and stone are bad 

conductors of, 146 

— bulk of bodies changed by, 

123, 124, 132 

— capacity for, 147 

— — affected by density, 150 

— capacity of mercury for, 

148 

oil and water for, 148 

^ — water for, 148 

— cause of unlmown, 123 

— chemical affinity affected 

by, 211 

— charcoal the worst con- 
' ductor of, 146 

— chronometers affected in 

their rattJ by, 127 

— combined, 152 

— comparative conducting 

power of bodies for, 146 
compensation bars, to . 
coujiteract the efiectsof, 
V28 

— / pendulum, how affect- 

ed by, 128 

— compound bar of metal 

expanded by, 127 

— conducted by liquids with 

difficulty, 144 

metalswith facility, 143 

— conduetingpowerofb<^ie8 

for, general remarks on, 
146 ’ 


Heat, conducting power, com- 
parative, of bodies for, 
146 

— — of solids for, 143 

— conduction of, affected by 

texture, 144 

— conduction of, by gases, 

145 

by liquids, 144 

solids, 142 

— conductors of, 143 

•— congelation evolves it, 164 

— currents of, ascending in 

water, 131, 132 

— decrepitation.of salts by, 

109 

— degree of, proper for tem- 

pering steel, 666 

— degrees of indicated by 

the pyrometer, 140 
tiiermometer, 137 

— density affects capacity 

for, 150 

— dilation linear of solids by, 

125 

— earthy substances are ba4l 

conductors of, 143, 146 

— effects and sources of, 123 

— effects of, ascribed to a 

substance, 123 

upon the form and 

states of bodies, 152 
on liquids, 168 

— emissive and receptive 

powers in regard to, 193 

— evolved by change of state, 

150, 154, 156 

— exception to the law of 

expansion by, 129 

— expands all pure aeriform 

bodies alike, 132 

— expansion by, and con- 

traction by cold, 123, 
124 

generally temporary, 

123, 124 

exception to this law, 

129 

important to be known 

to the engineer, 127 

— expansion of aeriform bo- 

dies by, 124, 132 

air by, and consequent 

levity, 133 

applied to thermo- 
meters, 141 
alcohol by, 128 

— bars of compound me- 
tals by, 127 

bodies by, 123 

glass and platinum by, 

124 

iron structures by, 127 

liquid carbonic acid by, 

471 

liquids by, 123, 128 


Heat, expansion of liquids by, 
applied to thermome- 
ters, 137 

mercury by, 128 

— — metals by, 124 
solids by, 123, 124 

— — ■ — applied to pyrome- 

ters, 140 

steam by, 132 

— — vapours by, 124, 132 

— expansion, anomalous of 

water, by its removal, 
■ 129 

permanent of zinc by, 

125 

unequal of metals by, 

127 

— escape of, by radiation, 145 
from viscid liquids, 145 

— evolution of, by chemical 

action, 150 

by compression of air, 

150 

congelation, 154 

germination, 878 

steam from water bv, 

159 

— fusion by, preceded by 

softening, 150, note 

— gases, their specific, 150 

— gems are good conductors 

of, 143 

— glasBond platinum expand 

equally b^, 124 

— imperfect conductors of, 

144 

— inconvenience of its effects 

on delicate instruments, 
127 

— insensible to the thermo- 

meter, 153 

— iron structures expand by, 

127 

— latent, 161 

of vapour of alcohol, 

1072 

vapours, 165 

water, 136 

— length of the pendulum 

affected by, 127 

— linear dilatation of solids 

by, 125 

— liquefaction absorbs it, 153 

— liquids affected by, 168 
compounds of solids 

with, 156 

expand by, 123, 128 

imperfect conductors 


of, 144 

rendered lighter by, 



vaporization, 164 

matter of, call^ ciUoric, 
123 
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Heat, matter of, highly atte- Heat, pyrometers for hidica- Heat, spmfic, formula for 
nuated, 123 ting degr^ of, 140 ascertaining, 148 

— measures of, 137, 140 — quantity of, in different of gases^ W 

— mercury, its capacity for, bodies, 148 — — • various bodies, 140 


148 

— mercury, its expansion 

by, 128 

— metals and wood, their 

comparative conducting 
power for, 146 

— metallic surfaces good re- 

flectors of, 188, 190 • 

— metals conduct it with fa- 

cility, 143 

— — their expansion by, 

125 

— natural of the body, its 

retention by clothing, 
144 

— nature of, general obser- 

vations on, 123 

— of boiling-points, 159 

— influenced by extra- 
neous matters, 159 
pressure, 159, 163 

— of boiling water influenced 

by dissolving salts, 161 

— of combustion, 204, 207 

— ebullition, 161 

— fires and furnaces mea- 

sured, 140 

— flames, 206, 208 ' 

•— flame . cooled by wire- 

gauze, 208 

— fluidity of water, 156 

— high-pressure steam, 163, 

164 

— ignition, 204, 207 


radiant, 186 

. — economical applica- 
tions of 195 

*— matter, its operation in 
producing, 186 

— metals bad receivers 
of, 193 

— passage of, through 
glass, 192 

— reception of, affected 
by colour, 190 

— solar, 186 

— — and terrestrial dif- 
ference between, 191 

— terrestrial, 186 
affected by texture, 

190 

— transmitted by dia- 
thermouB bodies, 193 

— unmetallic bodies good 
receivers of, 193 

nidiatiou of, 186 

— affected by surface,190 

— by plants, 202 

— from fires, 195 

— in right lines, 187 

— in vacuo, 188 

— its effects in nature, 
201 

— mirrors for, 188 

— the cause of dew, 201 
radiators of, 193 
receivers of, 193 
reception and retention of, 


— gravity changed by 
131, 135 

steam expands by, 132 
surface i^uences its re- 
ception and retention, 
186, 190 - 

temporary expansion by, 
123,124 

term applied both to cause 
and effect, 123 
terrestrial radiant; colour 
does not affect its re- 
ception, 190 

texture of fabrics affects 
their conduction of, 144 
theory of, applied to tlie 
steam-engine, 171 
thermometers for indicat- 
ing degrees of, 137 
unequal expansion of 
metals by, 127 
universal presence r»f, 123 
unmetallic bodies bad re- 
flectors of, 190 
vapour caused by, 158, 
161 

ventilation dependent up- 
on, 133 

water expands by its re- 
moval, 129 

weight of water changed 
by, 131 

weMng of metals by, 150, 
note 


— melting and congealing 

points, 156 

■ — prismatic spectrum, 186 

— steam, 158, 163, 164 
its economical appli- 
cations, 166 

under pressure, 163, 

164 

and water similar, 158 

— temperature, 148 

— voltaic arc of flame, 269 

— oil and water, their ca- 

pacity for, 148 

— opposed to attraction, 123 

— pendulum affected in its 

rate by, 127 

— phosphorescence induced 

by, 199 

— platinum and glass expand 

equally by, 124 

— porous animal and vege- 

table substances are bad 
conductors of, 143 

— pnotical applications of 

its effects, 128, 146 

— proper, of air, for warm- 

ing, 135 

apartments, 134 


influenced by surface, 
186, 190 

receptive power of bodies 
regarding, 190 
reflection of^ 187 

— affected % surface, 190 
-—by metallic surfaces, 

190 

" — by mirrors, 188 
refraction of, 44 
retention of animal, by 
clothing, 144 
scales of degrees of, 139 
sensation of, 123 
sensible, its loss during 
the production of va- 
pour, 164 

silver the best conductor 
of, 143 

solar radiant, absorbed by 
black surfaces, 191 

colour affects its 

recei^tion, 191 
solids conduct it, 142 

— expand by, 123, 124 

— pr^uce liquids with, 
156 

specific, 147 


— woods bad conductors of, 

143 / 

— zinc, its permanent ex- 

pansion by, 1^ 
Heavens, appearanfee of dur- 
ing a thuii(ter-storm,25 1 
Heavy inflammkble air, 481 

— oil of wine, 1^92 

— spar, 611 [ 

Heavystone, 7^ 

Hberbn on h^osulpltate of 
baryta, 610 

coppen, 703 

lead, 716 

lime, 59)8 

magnesia, *623 

hypOBidphite of soda, 

677 

quater-hydrated byp<^ 

sulphate of baryta, 610 

rocellic acid, 9&, note 

Heights accessible, measured 
by the barometer^ 400 
Heliacal arrangements for 
electro-magnetism, 312 
Heliotrope, 855, note 
Helix, electro-magnetic, 313 
Hellebore, white, 1035 
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Hbl£ot’ 8 sympathetic inlc, 
C86 

Helmont, Van, 23 
Helvbtius, Ills brief of the 
golden calf, 10 
relation of a trans- 
mutation, 10 
Ilehella mitray 1056 
Hematin, its preparation and 

properties,^ 937 
Hemlock, extract of, 1056 
Hemp-oil, 954 
— seed, 1059 
Henbane, 1037, 1056 

extract of, 1056 

seed, 1059 

Hbnly’s quadrant electro- 
meter, 240 

Hennell on claterium, 1046 

elntiii, 1046 

ctln^r, 1089, 1092 

hydrocarbons, 494 

oil of wine, 1092 

sulphovinic acid, 1095 

white precipitate, 791 

Henry, Dr., delineates the 
characters of Davy and 
Wollaston, 104 

on air in water, 357 

carbonate of magnesia, 

627 

carbonic acid gas, 474 

oxide, 465 

citrate of iron, 1008 

eudiometry, 409 

hydrocarbons, 490 

hydrogen, 349 

glacial phosphoric acid, 

602 

iodide of magnesium, 

627 

muriatic acid gas, 361 

sulphate of magnesia, 

624 

urine, X 174 

and Dalton on the sp. 

gr. of bihydroguret of 
carbon., 481 

Henry, M. O., on bromide of 
c^cium;, 696 

on coniql, 1039 

horse-^Aicstnut bark, 

1052 ; 

saflr/on, 942 

— - stiryclmia, 1032 
Henr^y, junr., on bromide of 
barium, 608 

and Garot on sulpho- 

sinapic acid, 956 
Hepatic air, 72 
Herbert on expansion by 
heat, 126 
Herbs, 1054 
Hermes Trismegistus, 4 
Hsrschel, Sir J., on conduc- 
tion of heat, 142 
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Herschel, Sir J., on double 
refraction of hyposul- 
phite of strontia, 617 

electricity as connected 

with vitality, 300 
— — hydrosulphuret of lime, 
597 

hyposulphite of baryta, 

609 

lead, 716 

lime, 697 

silver, 807 

strontia, 617 

hyposulphurous acid, 

431 

light, 174 , note 

Sir W., on the pris- 
matic spectrum, 183 

radiant heat, 186 

Hessian crucibles, 863 
IIeteA)gcueonsattraction,21 1 
Hexacetate of lead, 1 122 
IliBBERT, Dr., discovers na- 
tive hydrate of mag- 
nesia, feo 

IliELM on molybdenum, 759 
Hierne the analyst, 70 
Higgins, his comparative 
view, &c., 40 

on acetate of lime, 1117 

affinity, 40 

atomic theory, 40 

nitrate of copper, 700 

High-pressure steam, 163 
Hill, Sir John, 28 
Hill’s patent process for 
making sulphuric acid 
witliout nitre, 427 
Pippuric acid, 975, 1179, ». 
llircate of ammonia^ 1187 

baryta, 1187 

pot^a, 1187 

Hirclc acm, 1158 
Hircin, 1186 

Hissing EH and Berzelius 
discover cerium, 739 
History of alcliymy, 4 

^ analytical chemistry, 70 

chemistiy, 1 

tho theory of combus- 
tion, 30 

Hochener, Philip, 21 
Hoffman’s anodyne liquor, 

1087 

— ^ — on magnesia, 55 
Hogs’-lord, 1185 
Hombebg, 28 

on horacicacid, 28 

Hombbrg’s phosphorus, 593 
— pyrophorus, 28, 82, 851 

sedative solt^ 510 

Home, Sir £., on the rete 
mueosum, 191 

on digestion, 1194 

Holder for magnets, 307 
Hollow structure of flame, 207 


Homogeneous attraction, 105 

yellow light, 206 

Honey, 906 

stone, 984 

Hooke, 29 

hints at oxygen, 32 

his lampaSf 32 

micrographia, 31 

views of combustion, 32 

the ebullition of water, 

138 

on thermometers, 138 

Hope on borate of strontia, 
619 

melting-point of sul- 
phur, 157 

oxalate of strontia, 1002 

strontia, 615 

Hope’s eudionujter, 409 
Hops, active principle of, 
1046, note 

— extract of, 1069 

— use of ill brewing, 1064 
Hordein, 911, note 
TForileum vulgare, 922, 1056 
Hornblende, 860 

Horn silver, 803 
Horse-chestnut bark, 966, 
notBy 1052 

— radish, 1060 

Horses killed by gymnoti,300 
^Hot air-blast in iron fur- 
I noces, 660, 662, mte 
Houses, conHuctors tor, 249 

heating of, 132 

Howard, Hon. E., 76 

Mr., on fulminating 

mercury, 797 

silver, 810 

sugar-refining, 901 

Huber’s observations on 
wax, 967 

lluLME, Dr., on phospho- 
rescence, 200 
Human bile, 1161 

blood, 1137 

fat, 1186 

milk, 1157 

sweat, 1198, note 

coloured, 1198, note 

urine, 1167 

Humboldt on gynmoti, 300 
Humine, 923 
Humus, 923 

Humvlus lupulnsy 1046, note, 
1059 

Hunter on the gymnotus,299 
Huygens on light, 173 
Hyacinths of Compostella,85 5 
mte 

llydroicidsjthdrcomhiuatioiis 

with etherine, 1105 

methylene, 1126 

salts of, 624, note 

Hydrargo-perchlorides, 790 
iodides, 792 



Hvflrargyrate of ammonia, 
786 

Hydrargyti nitrtco oaidum, 

793 

oxidum cinereum, 784 

— • oxidum rubrum^ 786 
suiphuretum nigrum, 

794 

Hydrargyrum, 784 
Hydrate of alumina, 850 

— baryt^ 606 

bromine, 345 

— : — brucia, 1034 

camphogen, 969 

carbon, 922, 894 

defined, 357 

chlorine, 331 

etheriue, 1088 

lime, 591 

lithia, 689 

magnesia, artificial and 

native, 620 

morphia, 1016 

oil of turpentine, 969 

potassa, 638 

quinia, 1026 

silica, 856 

soda, 672 

stroutia, 616 

— zirconia, 843 
Hydrated acetic acid, 1116 

arsenic acid, 747 

arseniate of lime, 749 

nickel, 751 

• binarseniate of baryta, 

749 

bisilicate of magnesia, 

860 

boracic acid, 511 

butyric acid, 1153 

carbonate of ammonia, 

476 

magnesia, 627 

chloride of calcium, 693 

chromium, 773 

copper, 700 

zirconium, 844 

columbic acid, 783 

cyanate of ammonia, 

1169 

dcutoxide of antimony, 

721 

molybdenum, 760 

dicarbonate of copper, 

706 

dichloride of copper, 699 

* hyponitrito of etlieriue, 

1099 

iodic acid, 343 

manganesic acid, 634 

nitrate of strontia, 610 

oxide of copper, 700 

osmium, 838 

thorinum, 847 

oxides of co Wt, 684 

• perchloride of iron, 643 
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Hydrated periodic acid, 343 

— peroxide of barium, 606 

cerium, 740 

iron, 641 

manganese, 633 

— r- — mercury, 785, 790 

platinum, 827 

tin, 676 

— phospWic acid, 444 

— protarseniateofiron,750 
■' ■ ■ protofluoride of manga- 
nese, 636 

protochloride of iron, 

642 

tin, 676 

protoxide of cadmium, 

681 

cerium, 740 

— cliromium, 767 

iron, 640 

manganese, 631 

nickel, 689 

palladium, 834 

tin, 675 

uranium, 733 

zinc, 669 

pyromeconic acid, 1023 

sesquioxidc of manga- 
nese, 630 

silicate of lime and po- 
tassa, 8^, note 

stearic acid, 960 

subchloride of lime, 595 

subnitrate of bismuth, 

730 

subperarseniate of cop- 
per, 750 

subperiodide of iron, 

644 

subphosphate of alu- 
mina, 853 

of copper,! 

telluric acid, 

Hydriodate of ammonia, 398 

lime, 695 

potassa, 546 

strontia, 616 

Hydriodic acid, 367 

acid gas, diagnun of its 

composition, 368 

its preparation and 

properties, 367 
acid liquid, 368 

— — gas, its sp. gr., 368 

ether, 1107 

Hydriodide of carbon, 486 
Hydriodous acid, 369 
Hydrobromic acid gas, 369 
its sp. gr., 369 

• add liquid, 369 

— ether, 

Hydrobromide of carbon, 486 
Hydrocarbon, sulphate of, 
1092 

Hydrocarbonate, 483 
Hydrocarbons, 480, 490, 967 
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Hydrocarbons, action of chlo- 
rine on, 485 

affect crystals, 113 

isomerism of, 480 

nomenclatnre of diffi- 
cult, 490 

Hydrocarburet of bromine, 
486 

of chlorine, 485 

iodine, 486 

liquid, 489 

Hydrocarburet^*, 480 
Hydrochlorate of ammonia, 
396 

Hydrochloric acid gas, 360 

ether, 1105 

Hydrochloride of carbon, 485 
Hydrocyanate of ammonia, 
507 

potassa, 568 

soda, 587 

Hydrocyanates, metallic, 532 
Hydrocyanic acid, 504 

action of on metals, 

532 

contained in fruits, 

505 

diluted, formula for 

preparing, 506 
formula for its pre- 
paration for medical 
use, 505 

poisonous nature of, 

505 

pieparation and pro- 
perties of, 504 

strength of tested, 

506 

tests of its presence, 

606 , 

ether, 1108 J 

Hydrocyanoferric acid, 654 
Hydrogen, apparatu4 for ge- 
nerating, 346 

arsenuretted, 753 

assumed as pnity, 348 

carburetted,! light, 481 

circumstain^s under 

which it dM not ex- 
plode with bxygen, 415 

Privation tf the term, 

347 

examined by Caven- 
dish, 347 

exosmose and endos- 

mose experiments 
with, 350 

explodes with air or 

oxygen, 348, 349 
— — — cMorine, 360 

— belt and purity (A ita 

flame, 206 

jet of, apparatus for, 

349t 

nasemt, 433 

permanently eliuBtic,^48 

4 M 
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Hydrogen^ pliospliiircttcd* 

450, 600 . 

— potflissiuretted, 648 

pure, 348 ! 

quadrocarburetted, 400 

]^uces nitrate of silver, 

805 

seleniuretted, 456 

subphosphuretted, 451 

sulphuretted, 433 

its action on metals, 

529 

see sulphuretted hy- 
drogen, 433 

supersulphuretted, 436 

telluretted, 743 

water produced by its 

combustion, 351 
its absorption by char- 
coal, 461 

its action on metals, 626 

upon platinum, 

353 

application to instan- 
taneous light-machhie 
by Volta, 350 

attraction for metals, 

363 

— — attraction for plati- 
num, 353 

bicarburet, 487 

biphosphuret, 452 

bisulphuret, 436 

bisulphuret, specific 

gravity of, 436 

— combustion in air or 

oxygen produces water, 
351 

in chlorine, 361 

from a small jet 

produces musical 
sounds, 350 

with oxygen pro- 
duces water or prot- 
•oxide of hydrogen, 351 

combustibility not 

affected by rarefaction, 
414 

decantation ? per as- 

cemwn, 349 

— ^ effcctsupon the voice, 

348 

eniployment for bal- 
loons, 350 

7- evolution from muri- 
atic acid, 365 

-r oxistenco in anixnal 

and vegetable matters 
and water, 347 

in sulphur, 417jn, 

explosion with atmo- 
spheric air, 348 

oxygen^ 349 

facility of passage 

through organic tissues, 
350 ' 


Hydrogen, its flame, 414 

— — . used for exciting 
intense heat, 350 

levity, 348 

— mixture with oxygen 
analyzed by spongiform 
platinum, 353 

— 5 nascent state, 450 

odour, 347 

peroxide, 368 

— properties of, 360 

sp. gr. of, 360 

- — properties, 348 

- — protoxide, 351 
sources, 5147 

specific gravity de- 
termined, ^8 

tendency to mix with 

other gaseous bodies, 
350 

union with arsenic, 

753 

— carbon, 480 

— chlorine, 360 

affected by ex- 
pansion, 361 
cyanogen, 504 

— — fluorine, 370 

— — iodine, 367 

nitrogen, 391 

— . with oxygen by 

compression, 352 

oxygen, affected 

by expansion, 353 

phosphorus, 450 

potassium, 548 

— selenium, 456 

— — sulphur, 433 

tellurium, 743 

Hydro-oxygen blowpipe first 

made by Newman, im- 
pjH^ by others, 350 
HydrofflRcyanic acid, 654 
Hydrofluate of ammonia, 398 
Hydrofluoric acid. 370 
its probable compo- 
sition, 371 

Hydroguret of carbon, 483 

its combustibility, 

483 

composition, 484 

olefiant gas, its pre- 
paration, 483 

of carbon, its specific 

gravity, 483 

pliosphorus, 460 

Hydrometer for i»po«ific gra- 
vities, 137 

Hydrophone, 855, nofe 
Hydrophosphoric gas, 451 
Hydrophosphorous acid, 451 
Hydrophosphuretof lime, 600 
Hydropneumatic apparatus, 
323 

Hydrpselenic acid, 456^ 
Hydroselenio-cyanic acid, 608 


Hydrosulphate of ammonia, 
435 

Hydrosulphates, 434 

metallic, 629 

Hydrosulphocyanic acid, 507 
Hydrosulphurettof ammonia, 
435 

its action upon me- 
tallic solutions, 530 

bismuth, 7?1 

lime, 697 

potassa, how produced, 

555 

potassium, 565 

soda, 577 

stroiitia, 617 

Hydrosulphuretted oxides, 

629 

— ^ oxide of antimony, 724 

cobalt, 681 

manganese^ 636 

Hydrosulphuric acid, 433 
Hydrosulphurous acid, 435 
Hydrothionic acid, 433^ 
Hydrous sulphate of lime, 
599 

Hvdroxalate of lime, 1005 

— lead, 1006 
Hydroxalic acid, 1004 

anhydrous, 1006 

its preparation and 

properties, 1004 

its 8p.^gr., 1005 

Hydroxanthic acid, 509 
Hydruret of arsenic, 753, 754 

benzule, 972 

bismuth, 730 

potassium, 548 

tellurium, 743 

Hydrurets, metallic, 626 
Hygrometric. -powers of sul- 
phuric acid, 423 

— property of potato- 
starch, 915 

Hygroscopcs, 411 
Hygrometer, Daniell’s, 411 

De Luc’s, 41 1 

Saussure’s, 411 

Wilson’s, 411 

Hyoscyamia, 1037 
Ilyoscyamm niger^ 1037, 
1056, 1059 

Hyponitrite of ammonia, 398 

lead, 380 

— • oxide of ethule, 1099 
— : — potassa, 651, 389 

silvcrj 007 

Hyponitrites, how formed, 
380 

Hyponitrous acid, 379 

ether, 1098 

Hypophosphite of ammonia, 
442 

baryta, 612 

— ^ cobalt, 687 
— — lime, 600 
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Hypophosphitc of magnesia, 
625 

— manganese, 638 

mercury, 795 

nickel, 

potass^ 560 

strontia, 618 

■ soda, 682 

zinc, 672 

H^’pophosphites, 442 

metallic, 631 

Hypopliosphorous acid, 441 
Hyposulphatc of baryta, 431, 

bismuth, 731 [610 

cadmium, 682 

cerium, 741 

cobalt, 686 

• copper, 703 

indigo, 946, note 

lead, 716 

lime, 698 

magnesia, 623 

manganese, 636 

mereury, 796 

- potassa, 657 

protoxide of iron, 646 

silver, 808 

strontia, 617 

zinc, 671 

Ilyposulphates, metallic, 528 
Hyposulphite of baryta, 609 

bismuth, 731 

cobalt, 686 

copper, 703 

- — lead, 716 

lime, 698 

magnesia, 623 

manganese, 636 

mercury, 796 

potassa, 657 

potassa and silver, 808 

protoxide of iron, 646 

silver, 807, .809 

silver and potassa, 808 

soda, 677 

strontia, 617 

tin, 679 

zinc, 670 

Hyposulphites, metallic, 528 
— ■ their general charac- 
ters, 431 

Ilyposulphuric acid, 431 

its action on metals, 

628 

Hyposulphurous acid, 430, 
4.35 

-- — — its action on motals^ 

628 

Iatrophic acid, 966 
Ice, 356 

— absorbs heat, 163 

— a non-conductor .pf elec- 

tricity, 366 , . 

— at the bottom of streams, 

295 


Ice, heat absorbed by, during 
liquefaction, 153 
lighter than water, 130 

— liquefies and absorbs mu- 

natic acid gas, 363 

— obtained in l^ngal, 203 

— procured in vacuo, 168 
produced during evapora- 
tion, 168 

— specific gravity of, 130 

— bearer, or cryophorus, 

169 

Iccland-moss, 1055 
Iceland-spar, its double re- 
fraction, 178 

Identity of electricity with 
lightning, 248 

— voltaic and common 
electricity, 296 

Idrialine, 495 
Igasuric acid, 1032 
Ignition, 204, 207, 417 

heat of, 204, 207 

light of, 186 

in condensed air, 417 

of compound wires by 

electricity, 271 
Illumination, light of, 206 
Images doubled by refraction, 
178 

Immediate principles of vcgc- 
> tables, 894 
Imperfect conductors of heat, 
145 

electricity, 226 

Imponderable matter, 173 
Impurities in water affect its 
ultimate electrical ana- 
lysis, 278 

Incandescence, 186, 204 
Incandescent ^dies, 204 
Inch, cubic, of waf^ weight 
of, 356 ^ 

— square, of surface, pres- 

sure of air upon each, 
400 

Incombustible clothing, 446, 
587 

paper and wood, 859 

Incompatible medicines, 37 
India sugar-candy, 905, noto 
Indian steel, 666 
Indigo, action of deoxidizing 
agents on, 945 

heat on, 943 

nitric acid on 946, 

940 

sulphuric acid on, 

944 

blue, 944 

its ultimate analy- 
sis, 946 

deoxidized or white, 946 

purple, 946, note 

white or deoxidized,946 

its analysis, 944 
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Iiidigi), its bihydrate, 946 

^ colouring, matter, 

944 

— •— gluten, 944 

hyposulphate, 946, note 

its preparationibr dye- 
ing, 943 

— solubility in sulphu- 

rie acid, 943 

sources, 943 

substantive colour, 

943 

— sulphate, 946, note 

qu^ribydrate, 946 

Indigofera anil and Isatis 
tinctoria^ 943, 1056 
Indigogene, 945 

^ protoxide of, 946 

Indigotate of ammonia, 950 

baryta, 960 

copper, 961 

iron, 951 

— lead, 950, 951 

lime, 950 

magnesia, 950 

mercury, 961 

potassa, 960 

silver, 951 

soda, 950 

strouti<a, 960 

Indigotic acid, 949 
Induced electricity, 227 

magnetism, 303, 306 

of iron, 305 

of nickel, 300 

Induction, electrical, 227 

magnetic, 303 

Inertia restrains attraction, 

105 

Infectious matter, 1134 

in air, 413 

Inflammable air, 79, 347 

pistol, 348 

heavy, 481 

of marshes, 481 

substances, 318 

Inflammation by electricity, 
243 

Influenza and other epidemics 
referred to the existence 
of seleniuretted hydro- 
gen ill air, 457 
Ingenuousz, Dr., 44 

on ethereal vapour, 1084 

combustion of iron in 

oxygen, 640 

conduction of hcat^ 143 

Inhalation of nitrous oxide, 
375 

seleniuretted hydrogen, 

467 

Inherent electrical states, 273 
Ink, black, recipe for, 929, n. 

— blue, its probable compo-r 

sition, 929, note 

— printers', basis of, 954 

4 u 2 



Ink, red, recipe for, 937 
•— sympathetic, blue and 
green, 685 

— — white, 730 
Inorganic chemistry, 317 
Insects, fat of, 1189 
Insensible heat, 153 
Instantaneous crystalliza- 
tion, 112, .156 

light by the magnetic 

spark, 316 

matches, composi- 
tion for, 544 

Instauration of the Sciencesy 
Bacon’s, 24 

Institution, London, battery 
of the, 269 

Royal, battery of the, 

269 

Instruments for measuring 
crystals, 115 

Insulators, electrical, 226, 
228 

Integral elements of crystals, 
118 

Intense cold of the Arctic re- 
gions, 147 

light of ignited lime, 206 

Intensity of electricity, 236, 
264, 272 

Interior of flame non-lumi- 
nous, 207 

Intestinal concretions, 1190 
Intoxication produced by 
nitrous oxide, 375 
Initla heleniumy 1051 
Inulin, 914 

lodate of ammonia, 398 

baryta, 608 

bismuth, 730 

cinclionia, 1025 

iron, 644 

lead, 714 

lime, 596 

— magnesia, 622 

mercury, 792 

potassa, 546 

quinia, 1029 

silver, 804 

— soda, 575 

strontia, 616 

tin,6W 

zinc, o70 

lodates, 343 

Iodide of aluminum, 850 

antimony, 723 

arsenic, 752 

barium, 607 

benzule, 973 

bismuth, 730 

— bromiiie, 346 

cadmium, 681 

calcium, 595 

— carbon, 479 

— chromium, 773 

— cobalt, 685 
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Iodide of copper, 700 

gold, 818 

hydrocarbon, 486 

lead, 714 

lithium, 589 

magnesium, 622 

manganese, 636 

mercury, 791 

molybdenum, 763 

nickel, n90 

nitrogen, 391 

its explosive nature, 

391 

potassium, 546 

a delicate test of 

electricity, 280 

silicium, 867 

silver, H04 

sodium, 675 

— strontium, 616 

sulphur, 433 

tellurium, 743 

tin, 677 

zinc, 670 

Iodides, ioduretted, 369 
Iodine, 339 

accompanied with bro- 
mine in the waters of 
the Mediterranean, 344 

a test for starch, 341, 

910 

derivation of the term,* 

340 

obtained from block ash, 

340 

kelp, 339 

liquor, 340 

sea-weeds, MO, note 

sublimation of. 111 

its action on metals, 525 

starch, 346, note 

-^I^coholie solution for 

medical use, 340, note 

aqueous solution, 341 

blue precipitate with 

starch, 341 

crystals, 341 

— elementary nature, 

341 

existence in sea- 
water and Bca-wceds, 
340 and note 

— hydrocarburet, 486 

oxide, 341 

perchloride, 344 

— : protochloride, 344 

' preparation, 341, n. 

presence detected by 

its violet vapour and 
action on starch, 341 

specific gravity, 341 

sources, 339 and 

note ibid., 340 note, 851 
tincture, 340, note 

— — union withammonia, 
397 


Iodine, its union with bro- 
mine, 346 

— carbon, 479 

— — chlorine, 343 

— cyanogen, 503 

hydrogen, 367 

metals, 625 

nitrogen, 391 

— olefiant gas, 486 

— oxygen, 341 

phosphorus, 449 

selenium, 466 

sulphur, 433 

— uses in the arts, &c,, 

341 

medicine, 340, n. 

vapour, sp. gr. of, 341 

violet vapour, 341 

Iodic acid, 342 

action of on metals, 

626 

hydrated, 343 

Iodides, metallic, 525 
lodite of soda, 342 
lodoforme, 1107 
Ioduretted iodide of potas- 
sium, 546 

iodides, 369 

lodo-sulphuric acid, 423 
lodous acid, 342 
Ions, electrolytes and elec- 
tro-chemical equiva- 
lents, sumraapy of, 287 
Ipecacuanha, 1040 

analysis of, 1041, note 

Iridio-chlorides, 841 
Iridium, its ammonio-mii- 
riate, 840 

bichloride, 840 

chlorides, 840 

— — name, origin of, 840 

oxides, 840 

perchloride, 840 

preparation, 840 

— properties, 840 

protochloride, 840 

sesquichloride, 840 

sources, 840 

specific gravity, 840 

sulphurets, 841 

Iron, 639 

— cast, its decarbonization, 

664 


— — expansion, 127 

— — varieties, 664 

— colours glass, 868 

— - induced magnetism of, 305 

— meteoric, 689, 693 

— native, (^93 

— pure, 664 


steel made from, by coal- 
gas, 462 
— wroudit, 664 


expansion of, 127 j 

— its acetate, 1118 



Iron, its aJlsaline tincture, 644 

— — alloy with magnesium, 

658 

manganese, 658 

potassium, 658 

nickel, 6M 

zmc, 673 

alloys, 658 

ammonio-muriatc, 643 

persulphate, 648 

ancient symbol, 639 

arseniates, 750 

— bicitrate, 1008 

— — bisulphuret, 645 
borates, 658 

borurct, 658 

bromide, 644 

carbonates, 650 

carburet, 650 

case-hardening, 666 

chlorates, 643 

— — chlorides, 642 
chromite, 766, 771 

— — citrate, 1008 1 

combustion in air, 639 

— — — oxygen, 329, 640 
— — conversion into steel 

by charcoal, 665 and 
note ibid. 

— — — steel by diamond- 

powder, 665, note 
cyanurets, 651 ^ 

— — diphosphuret, 649 

disulphurct, 646 

existence in blood, 

1145 

ferroscsquicyanuret 

(Priissiari blue), 656 

j- Huoride, 644 

hydrated subperiodide, 

644 

hyposulphate of pro- 
toxide, 646 

hyposulphite of pro- 
toxide, 646 
iodate, 644 

— — iodides, 643 

indigotate, 951 

magnetic oxide, 641 

properties, 303 

how affected by 

heating and cooling, 305 

— — manufacture, 659 

molybdates, 762 

native oxides, 641 

nitrates, 644 

ores, 641 

reduction of, 659 

oxalate, 1002 

oxide, magnetic, 641 

oxides, 640 

— — — native, 641 

peracetate, 1118 

perarseniate, 750 

perbenzoa||, 976 

perborate^58 
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Iron, its percarbonate, 651 
perchloride, 642 

— hydrated, 643 

pereitrate, 1008 

— — periodide, 644 

permuriate, 643 

pemitrate, 644 

peroxalate, 1002 

peroxide, 641 

— ' anhydrous, 641 

hydrated, 641 

perphosphate, 649 

persalts precipitate 

tannin, 926 

persuccinatc, 981 

persulphate, 648 

a tesVfor astringent 

matter, 925 > 

precipitates gallic 

acid, 932 

with potassa, 649 

pcraulphocyanu^et,658 

pertannate, 929 

pertartrate, 994 

phosphuret, 649 

— - — presence tested, 655 

protacetate, 1118 

protarseniatc, 750 I 

protoborate, 658 

protobromide, 644 

protocarbonate, 650 

native, 650 

protochloride, 642 

hydrated, 642 

protocyanuret or ferro- 

cyanogeii, 651 

proti^ide, 643 

protomuriate, 642 

protonitrate, 644 

protophosphate, 649 

native, 649 

protosuccinate, 901 

protosulphate, 647 

— anhydrous, 647 

crystallized, 647 

— — — with ammonia^ 648 

potassa, 648 

protosulphite, 646 

protosulphocyanuret, 

658 

protosulphuret, 645 

— — prototartrate, 994 

protoxalatc, 1002 

protoxide, 640 

— — — hydrated, 640 
salts, constitution of, 

641 

— — — general characters 

of, 659 

sesquicyanuret, 655 

— — sesquisulphuret, 646 

— — silicate, 800 

silico-fluoride, 858 

subcarbuiet, 664, 665, 

note 

— — subperarseniate, 750 


1269 

Iron, its subpersulphate, 648 

succinates, 981 

sources and combina- 
tions, 639, 642 
specific gravity, 639 

— — sulpliate with alumina, 

853 

with nickel, 691 

sulphates, 646 

Bulphuret with arsenic, 

757 

sulphurets, 645 

native, 645 [996 

tartrate with potassa, 

tartrates, 994 

tctra-sulphuret, 646 

titaniferous oxide, 737 

tungstate, 780 

varieties, 664 

— — welding, 639 

bottle for oxygen, 327 

— — crucibles, 863 

— glance, 642 

— ore, magnetic, 642 
micaceous, 642 

— shells ruptured by freez- 

ing water, 356 

— slag, 660, note 

— stone, 642 

— — argillaceous, 661 

— smelting-funiace, 660 
Irritability, its supposed con- 
nexion with electricity, 
259 

leaiis or woad, 943 
Iserine, 736 
Isinglass, 1182 

solution of, a test for 

tannin, 925 
Isomeric bodies, 445 

phospliates metallic, 

531, note 

Isomerism, derivation of the 
term, 480 

of hydrocarbons, 480 

Isomoi^hous crystals of pla- 
tino-chlorides, 830 

salts of potasiw, 561 

Italian recipient for volatile 
oils, 965 

Ittner on ferrocyanuret of 
bismuth, 731 
Ives on lupulin, 1046 
Ivory, 1192 

— black, 462, 1192 

Jalap, 1050 

extract of, 1050 

Jalapine, 1050 
James's powder, 725 
Japan copper, 703 
Jar^ electrical^ 239^ 240 

discharged in vacuo, 

243 

— Leyden, charged by trans- 

fer, 242 
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Jargon or zircon, 843 
Jasper-ware, 611 
Javanese poison, 1032 
Jelly, animal, 1180 

vegetable, 896 

John, Dr., on angelica-root, 
1049 

cadmium, 681 

coccinellin, 939 

laccic acid, 940 

manganese, 630 

manganesium, 630 

myricin, 958 

sulphate of manganese, 

638 

tungstate of manganese, 

780 

Johnson on carburet of nitro- 
gen, 501 

Dr., his sarcasm on 

Ge^r, 5 

Johnston on vanadium, 775 
Juglans regia, 1060 
JuLiEN on the preparation of 
succinic acid, 979 
Juniper-berries, 1060 
Juniperus communis, 1060 

Kane on ommoniuret of mer- 
cury, 786 

chlorides of mcrcurj^, 

791 

»— muriate of copper, 700 
Kalium or potassium, 535 
Kater on the French metre, 
127 , note, and 1202 

the seconds* pendulum, 

127 , Tiote, and 1202 
Keates on the analysis of 
brass, 708 

Kelp, commercial value of, 
ascertained, 564 

iodine, obtmued from, 

339, note, and 340 
mother-liquor of, con- 
tains iodine, SS5 
Kendall on the aurora bo- 
realis, 255 

Kermes, mineral, 724 

(vegetable), 940 

Kidd on naphthalin, 492 
Kilkenny coal, 463 
Kind on artificial camphor, 

970 

muriate of camphor, 970 

King’s yellow, 755 
Kinic acid, 1030 

Kn£HOFF(mglnten,917 

starch and su^, 911 

Kirwan on carbonate of 
magnesia, 627 

mineral waters, 1205 

nitrate of baryta, 609 

Kite, electrical,- of Franklin, 
248 

Romas, 249' 


Klafroth, the analyst, his 
works, 76 

on arsenic, 745 

bismuth, 729 

carbonate of copper, 

706 ^ 

magnesia, 627 

harmotome, 614, note 

mineral waters, 1211 

moroxylic acid, 10l4 

nickel, 689 

oxide of iron, 641 

sulphate of baryta, 611 

lead, 717 

— lime, 599 

— ■ strontia, 618 

tellurium, 742 

titanium, 735 

uranium, 732 

zirconia, 843 

Knight, Andrew, 51 
Kcestner on paratartaric 
acid, 1065, note 
Koumiss, 1158 
Kraft obtains the secret of 
making phosphorus, 437 
Kreosote, 985 

action of various re- 
agents on, 987 

coagulates albumen and 

serum, 987 

- — derivation of the name, ( 
985 

preparation of, 986 

prevents mouldiiiess in 

writing-ink, 929, note 

its antiseptic powers, 

987 

medicinal uses, 987 

sources and proper- 
ties, 986 

ultimate analysis, 

987 

Kryolite 850 
Krystallin, 1132 
Kuhlmann on madder, 936 
Kuncksl, 25 

prepares phosphorus, 

437 

Kunsemuller on wormwood, 
1055 

Kupfernickel, 688 

Labarraque’s soda disinfect- 
ing liquid, 585 
Ladilladiere on phosphu- 
retted hydrogen, 451 

Lftc, an excellent insnlitoi', 

226, and note ibid. 

— dye, 940 

— lake, 940 

— seed, 940 
-- shell, 940 

— stick, 940 

— white, 940 

— its colouring-matter, 940 


Lac, its uses as a vamirii and 
cement, 979 

varieties, 940 

Laccic acid, 940 
Loemus, 938 

Lactate of magnesia, 1129 

zinc, 1129 

Lactates, general character 
of, 1129 

Lactic acid, 83, 1109, 1128 
Laoerhielm on bismuth, 729, 
731 

Lakes, various coloured, 849, 
934, 937 

Lambe on mineral waters, 
1211 

Lamp black, 462 
miners* safety, direc- 
tions for using, 210 
Lampadius on alcohol of sul- 
phur, 508 

Lampas, Hooke’s, 32 
Lampic acid, 1085 
Lane on mineral waters, 56 
LANyoN on artificial gems, 
868 

Landursbe on the compound 
of iodine with ammonia, 

397 

Lapis infemalis, 805 
Lassaign'e on nickel, 689 

1 pyrocitric acid, 1009 

and Feneulls on asa- 

rin, 1049 ^ 

on cathartin, 1045 

dclphia, 1039 

Latent heat, 151, see Heat. 
Laugier on arseniatc of 
baryta, 749 

titanium, 736 

uranium, 734 

Laumonitc, 861 
Laurel-berries, 1060 
Laurin, 1060 
Laurm cassia, 1052 

cinnamomum, 1052 

nobilis, 1060 

Lavoisier, 85, et seq. 

his claims to originality, 

89 

on aeriform bodies, 86 

air, 86 

alkaline earths, 88 

apparatus, 88 

caloric, 85 

combustion, 34, 86 

— diamond, 87, 467 

— distillation, 87 

fermentation, 87 

heat, 85, 125, 148 

light, 86, 88 

nomenclature, 86 

oxygen, 86 

salts, 88 

LAWEREr^TRG, 483 
Lazarus Erckern, 73 
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Lead, 711 

— cisterns, corrosion of, 711 

— extract of, 1 122 

— red, 712 

— sulphuretted hydrogen a 

test for, 715 

— wliite, 718 

— its acetate, 1121 
alcliymical name and 

symbol, 711 

alkaline solutions, 720 

alloy with gold, 819 

“ 7 - — ^ — with rhodium, 836 

alloys, 710 

amylatc;, 913 

argentiferous sulphu- 

rct, 801 

arseniatc, 751 

arscnite, native, 746 

— — benzoate, 976 

binoxide, 712 

biphosphate, 718 

bisuceiiiate, 981 

borate, 710 

— use of, in glass, 

867, 

bromate, 714 

bromide, 714 

butyrate, 1 153 

carbazotate, 949 

carbonate, 718 

sp. gr. of, 718 

native, 710 

carburet, 718 

chlorate, 714 

— — chloride, 713 

— — — native, 713 

chromate, 771 

cinchoiiate, 1031 

citrate, 1009 

combustion, 711 

corrosion by vinegar, 

water, 711 

cynnate, 710 

cyanuret, 719 

deutoxide, 712 

diaoetate, 1122 

dichloride, 713 

— ■ — dichroinate, 772 

dicitrate, 1009 

dinitrate, 715 

— — dioxide, 713 

ferrocyanuret, 710 

ferrosesquicyanuret 

656 

fluoride, 714 

gnmmate, 896 

hcxacetate, 1122 

— — hydroxalate, 1006 
hyponitrite, 380, 715 

— — kyposulphate, 716 

• hyposulphite, 716 

iodato, 714 

— — iodide, 71 ®" 

indigotate, 060, 951 


Lead, its lichenate, 1014 

— — malate, 1010, 1011 
margamte, 963 

— — molybdate, 762 

moroxylate, 1014 

mupate, 897 

— — nitrate, 714, 715 

— — — precipitate by gal- 

lic acid, 932 

a test for sulphuric 

acid, 714 

nitrite, 715 

nitrophosphate, 718 

oleate, 964 

ores, reduction of, 715 

oxalate, 713, 1003 

oxides, 71 1 

use of in glass- 
making, 865 

peroxide, 712 

phocenatc, 1188 

phosphate, 71 / 

native, 718 

phosphite, 717 

phosphurct, 717 

poisonous nature, 71 1 

properties, 711 

— — protoxide, 711 
p^'romcconate, 1023 

— — pyrophoric nature, 711 

995 

racemate, 1065, note 

salts, general ciiarac- 

ters of, 710 

— sweet taste of, 710 

— — sebate, 1186. note 

selenite, 718 

scleniurct, 718 

ses(]uioxidc, 712 

sesquiphosphate, 717 

silicate, 860 

silico-fluoride, 868 

silvatc, 978 

— — soluble salts, 719 

specific gravity, 711 

stearate, 962 

■ strychnatc, 1036 

subacctate, 718 

subarseiiiate, 761* 

subchromate, 772 

subfiuoride, 714 

— — subhyposulphate, 716 
subsesquiphosphate, 

717 

succinate, 981 

sulphate, 7 I 6 

— native, 717 

— — SUlpUtB, 710 

— — solphocyaonret, 719 

— — sulphovinatc, 1096 

— > — sulphuret, native, 715 

— sp. gr. of 715 

tannate, 929 

tartrate, 71 1> 989, 996 

with potassa, 995 

trisocctatc, 1 122 
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Lead, its vonadiate, 776 
Leather, 1182 

— curried, 1183 
— — tawed, 1183 

wash, 1183 

Leaves of plants, 873 
— r- functions of, 874 

medicinal, 1066 

Leganu on stearinc, 951, noto 
on blood, 1148 

Lb Fbvre on boraxated tar- 
tar, 992 
Leguminc, 917 
Lemons, acid of, 1006 

essence of, 970 

essential oil of, 970 

Lemon-juicc, 1006, 1059 
Leontodm taraxacum^ 1061 
Leoruher^^lQ 
Lepidolite, 688 
Lbiioux on salicin, 1041 
Leiu)ybr on digiialia, 1039 
Leslie, Sir J., on radiation, 
190, 616 

of cold, 46 

heat, 191 

reflection of radiant 

heat, 187 

refrigeration, 46, 

169 

Leslie's aethrioscope, 203 
differential thermome- 
ter, 142 

photometer, iJil 

Leucine, 1143, »., and 1184 
Leucite, 861 

Levity of hydrogen, 348, 340 

heated air, 133 

Levy on hyposulpliate of po- 
tassa, 567 

Lewbnau on selenium, 453 
Ley of potassa, 639 

— soap, 959 

Leyden jar or phial, 238 
Libavius’s fuming liquor, 676 
Liber of plants, 87 1 
Lichen isiandicus, 1065 
Lichen starch, 914 
Lichenate of ammonia^ 1014 

lead, 1014 

Lichenates, 1014 
Lichenic acid, 1014 
Lichenin, 914 
Lichens, 1054 
Liebig on acetal^ 1103- 

asparagin, 1042 

brucia, 1034 

caffoui) 1044 

carbazotic acid, 948/ 

chloral, 1106 

cyanic acid, 501 

ether, 1090 

fulminating silver, 810' 

indigogene, 945 

malic acid, 1010 

— ^ manganese^ 631 
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LniBio on metAmeconic acid, 
1022 

■ ■■■ morphia, 1016 

muriate of quinia, 1028 

narcotina, 1021 

organic anal^’sis, 886 

sulphocyanic ether, 

1108 

titanium, 736 

Liebig's test of nitric acid, 
387 

Liebig and Dumas on pyro- 
acetic spirit, 1124 

and Gay Lussac on ful- 

minic acid, 602 

and WOhler on mellitic 

acid, 984 

Life injured hy chlorine, 332 
Light, 173 

— absorption of, 182 

— affects metallic combina- 

tions, 622 

— — solution of chlorine, 

333 

— carburettcd hydrogen, 481 

— decomposes salts, 184 

— depolarized hy tourma- 

line, 180 

— electrical, 233 

— intense, of ignited lime, 

206 

— lunar, 204 

— monochromatic, 206 

— moves in right lines, 173 
•— oil of wine, 1094 

— phosphorescent, 197 

— promotes chemical agen- 

cies, 184 

— ray of, 174 

— red ray of, its heating 

powers, 186 

— solar, 173 

explodes gaseous mix- 
tures, 184 

— flieories of, 173 

— velocity of, compared "with 

sound, 174 

— violet, its magnetic effects, 

186 

— voltaic, 269 

— yellow homogeneous, 206 
how produced, 206 

— its aberration, 174 

— — action on chloride of 

silver, 803 

— chlorine and hydro- 

gen, 360 

muriate of gold, 816 

nitrate of silver, 806 

— — anaJ^is, 181 
calorific rays, 186 

— — chemical effects, 184 

pay*, 184 

— — colorific rays, 182 
composition, 181 

— — decomposition, 181 


Light, its depolarization, 181 

— — distortion by media, 

176 

double refraction, 178 

effects on germination, 

elementary rays, 182 

evolution by electri- 
city, 233 

friction, 200 

heat, 200 

from oxygen by 

compression, 329 
extraordini^y refrac- 
tion, 179 

influence on animal 

life, 184 

— crystallization, 112 

salts of gold and 

silver, 184 

vegetation, 88, 183 

interception, 175 

magnetic power, 185 

motion, 174 

ordinary refraction, 

179 

polarization, 179 

prismatic colours, 182 

reflection, 178 

refraction, 176 

by air, 176 

from the perpendi- 
cular, 176 

towards the perpen- 
dicular, 176 

by water and glass, 

176 ^ 

refrangibility, 182 

sources, 173 

velocity, 174 • 

— of candles, 499 

— flames, 206 

— ignition, 186 

— incandescence, 186 
Lightning, itsanidogy to elec- 
tricity hinted at, 246 

progress and effects, 

247 

zig-zag progress, 262 

interval between its ap- 
pearance and the sound 
of thunder, 261 

— objects struck by, 260, 
and note 

— — theatrical, how pro- 
duced, 918 

conductors, Franklin's, 

— Harris's, 260 [249 

— ^ form of, 249 

for ships, 260 

Lignin, 918 

bleached by chlorine, 

919 

— products from, 1126, n. 

its diy-rot, 918 

durability, 918 


Lignin, its quantity in wood, 

919 

— - — ultimate analysis, 

920 

Lignum eito, 1063 
Limbourg and Gbllert, 39 
Lime, 691 

burning, 604 

carbonic acid gas 

evolved by, 473 

cream of, 692 

Dorking, 864 

hydrated, 691 

meagre, 864, 

milk of, 592 

— oil of, 693 

oxalate of ammonia a 

tost for, 999 

quick, 691 

slaked, 691 

water, 592 

action of charcoal on, 

461 

— — its use in sugar-re- 
fining, 900 

its acetate, 1117 

aqueous solution, or 

lime-water, 692 
arseniate, 749 

— hydrated, 749 

— arsenite, 746 

% benzoate, 976 

bimeconate. 1021 

bimalate, 11)11 

— - binurote, II 7 I 

— • biphosphate, 600 

biselenite, 602 

— — borate, 605 

bromate, 596 

but^ate, 1153 

calcination in close 

vessels, 605 
— — — caproatc, 1154 

— carbazotate, 949 

carbonate, 470, 472, 

602 

action of heat on, 

606 

— crystallized, 602 

— native, 603 

— — chlorate, 696 

— — chloride, 694 
decomposes am- 
monia, 396 

chlorite, 695 

chromate, 771 

— — cinchonate, 1031 

citrate, 1008 

— columbate, 783 

fluoborate, 606 

— — fonhiate, 1013 

— hydrate, 691 

crystallized, 692 

— — hydrated subchlo- 
ride, 696 

— — hydriodate, 696 



GENERAL INDEX. 


Lime, its liydropbosplmret, 
600 

hydrosulphuret, 697 

hydroxalate, 1006 

hypophosphite, 600 

— hjf^suiphate, 698 

hyposulphite, 698 

— — iiidigotate, 960 

— insoluble salts, 606 

iodate, 696 

malatc, 1010 

meconate, 1021 

metallic base, 691 

— — molybdate, 762 

moroxylate, 1014 

muriate, 692 

— nitrate, 697 

oxalate, 606, 1001 

oxymuriate, 694 

pectate, 896 

phosphate, 600 

native, 601 

phosphite, 600 

— — phospkuret, 450 
potassa-tartrate, 994 

— — — presence tested, 606, 

999 

purpurate, 1172 

quadripliosphate, 

601 

— roccllate, 966, note 

salts, general charjw- 

ters of, 606 

tinge the flaine of 

alcohol, 606 

— — seleniate, 602 
selenite, 602 

— — separation from mag- 
nesia, 629 

— scsquipliO8pliate,601 

silicate, 860 

with nuignesia, 

860 

potassa, 060, note 

solubility in water, 

592 

^ stearate, 961 

Bubphosphatc, 600 

subpliosphite, 600 

succinate, 980 

sulphate, 698 

— r- anhydrous, 699 

— — hydrous, 599 

native crystal- 
lized, 698 

sulphite, 698 

— - — sulphocyanatc, 606 

sulphovinate, 1096 

superphosphate, 601 

tartrate, 989, 993 



urate, II71 

use as a manure, 591 , 

604 

Limestone, 603 


Limestone, bituminous, 604 

comj^ct, 604 

granular, 603 

magnesian, 629 

secondary, 603 

Lime-tree flowers, 1058 
Line of no variation, 306, n. 
Linear dilatation of solids by 
heat, table of, 126 
Linen, blood-stams on, detec- 
tion of, 1160 

Lines, Frauenhofer^s, 183 

— in the spectrum, 183 
Link on bisulphate of soda, 

681 

— on sulphate of uda and 

magnesia, 62lP 
Linseed, 896 
oil, 964 

properties and uses 

in the arts, 954 

soap of, 904 

Liquefaction of the gases, 170 
Liquid blue, 943 
Liquid gases, viz. 

ammonia, 392 

carbonic acid, 470 

chlorine, 331 

cyanogen, 499 

muriatic acid, 362 

nitrous oxide, 376 

peroxide of chloriii8,338 

sulphuretted hydrogen, 

433 

sulphurous acid, 420 

Liquids, 166 

absorb heat on vaporiz- 
ing, 166 

are compounds of solids 

and heat, 156 

cflccts of heat on, 131 

evolve heat on solidify- 
ing, 166 

formed from gases, 214 

solids, 214 

heated currents in, 131 

their capacity for heat, 

150 

their conducting power 

for heat, 144 

their expansion by heat, 

128, 131 

-— their sp. gr. ascertain- 
ed, 136 

their specific heat, 149 

See Heat. 

Liquor ammonicBy 393 

ammonuB acetettisy 1116 

ammonia tubcarbonatisy 

476 

amniiy 1166, note 

arsenicaliey 746 

/erri af*a^i/w^644 

flumbisvhacetati$y\\22 

potassay apparatus for 

Altering, 640 


iSS/O 

lAquor potatMy its prepan- 
tion, 640 

sp. gr., 640 

tested, 640, note 

eanguinisy 1136 . 

— silioiumy 869 

fuming, Boyle’s, 435 

Libavius’s, 676 

Liquorice, reflned (spurious), 
916 

root, 097, 1042, 1050 

sugar, 907 

Lisle, Romd dc, 114, 139 
Litharge, 712 
Lithia, 688 

— its acetate, 690, 1117 

bicarbonate, 690 

. — binoxalate, 1001 

biphosphate, 690 

bisulpliate,. 690 

borate, 590 

carbonate, 690 

chromate, 770 

citrate, 1008 

hydrate, 689 

nitrate, 689 

— oxalate, 1001 

j phosphate, 690 

I potassa-tartrate,993 

salts, their general 

characters, 690 

— — Boda-tartratc, 993 

— — sources, 688 

— sulplmtc, 689 

tartrate, 993 

Lithic acid, 1170 
Lithium, 688 

its chloride, 689 

— — fluoride, 589 

— iodide, 589 

protoxide, 688 

sulphuret, 589 

Litmus, 938 

its colour fades by light, 

939, and note ibid. 

its uses as a colour and 

test, 939 

paper, reddened by the 

electric spark, 297 
Little on specidum metal, 
709 

Liver of antimony, 724 
Livers of sulphur, 667 
Lixivium sanguinisy 666 
Loam, 863 

Logometric scale, 41, 21 8 

of atomic weights, 218 

Logwood, 937, 1064 

extrjoct of, 1064 

London, salubrity of, 1 136, n. 

Institution battery, 269 

Lookuig glosses, how silvered, 
799j note 

Lowe on carbonic acid in oil 
and resin gas, 496, note 
Low wines, 1066, note 
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Lowig on hydrate of bromine, 
S45 

Lowitz on alcohol, 1076 

cold, 540 

Lucifer matches, 543 
Lucretius quoted, 67) note 
Lucullitc, 604 
Lully, Raymond, 7) 10 
Luminosity of water upon 
compression, 357 
Luminous electrical words, 
237 
Luna, 800 

— cornea, 803 
Lunar caustic, 805 

light, 204 

has no chemical 

agency, 300 
Lupulin, 1046, note 
Lute, vitrifiable, 438 
Lutes, composition of, 863 
Luyart, Messrs., on tung- 
sten, 778 
Lycopodium^ 818 

— used for theatrical 
lightning, 818 

L^mpli, 1164 

Macaire and Marcet on py- 
roacetic spirit, 1124 
Macculloch, Dr., on phos- 
phorescence, 201 

on sandstone, IO7, note 

volatile oils, 806 

Machines, electrical, 232 
Macintosh on steel, 462 
water-proof clothing, 

Macquer on arsenical salt, 
748 

Macqubr* 8 neutral arsenical 
salt, 748 

Madder-root, 836, 1051 
Made wines, 1066 
Magic landscapes, 685 
Magilp, 954 

Magistery of bismuth, 730 
Magnesia, 620 

its acetate, 1118 

arseniate, 750 

ammonio carbonate, 

628 

— phosphate, 625 

— •— — nitrate, 622 

— sulphate, 624 

— — sulphite, 623 

^benzoate, 976 

bicarbonate, 627 

bitartrate, 994 

borate, 628 

carbazotate, 949 

carbonate, 627 

— — — hjdrated, 627 

native, 628 

chlorate, 622 

— — chloride, 622 


Magnesia, its chromate, 771 

citrate, 1008 

formiate, 1013 

fusion effected, 620 

— hydrate, 620 

— — native, 620 

— hydrated bisilicate, 

860 

— — hydrobromate exists 

in sea-water, 344 

hypophosphite, 625 

hyposulphatc, 623 

hyposulphite, 623 

— indigotatc, 950 

^ insolubility, 620 

* -V iodate, 622 

—lactate, 1129 

limc-carbonate, 628 

malate, 1011 

metallic base, 619 

molybdate, 762 

muriate, 621 

existence in sea- 
water, G2l 

— nitrate, 622 

anhydrous, 622 

•— — crystallized, 622 

oxalate, 1002 

phosphate, 625 

neutral, 625 

— — potasBO-carbonate, 
628 

sulphate, 624 

— presence tested, 626 

properties, 620 

purpurate, 1172 

salts, their existence 

in Bca-watcr, 621 
their general cha- 
racters, 629 

separation from lime, 

629 

sesquiphosphate, 

625 

silicate, 860 

with lime, 860 

silvate, 978 

soda-carbonate, 628 

sulphate, 625 

stiyrchnate, 1034 

subphosphatc, 625 

double, 625 

— succinate, 981 

— — sulphate, 623 

anhydrous, 624 

crystallized, 624 

— purity of, deter- 
mined, 624 

sulphite, 623 

— superphosphate, 625 

tartrate, 994 

terailicate, 860 

— tunggtate, 780 

urate, 1171 

(aba, 627 , 672 

water, 627 ’ 


Magnesian limestone, 629 

a source of sulphate 

of magnesia, 624 

minerals, 629 

Magnesite, 628 
Magnesium, 619 

discovered by Bussy, 

619 

its alloy with iron, 658 

amalgam, 619 

ammonio-chloride, 

622 

— bromide, 622 

chloride, 620 

fcrrocyanuret, 655 

Ouorido, 622 

iodide, 622 

oxide, 620 

phosphurct, 625 

potasso - chloride, 

622 

— preparation and pro- 
perties, 620 

silicofluoride, 858 

subiodide, 622 

sulphuret, 623 

Magnetic attraction, 303 
-- — curves, 307 

dipping-needle, 306 

— — induction, 303 

iron ore, 303, 642 

f . — metals,. 303 

needle, 304 ^ 

affected by electri- 
city, 308 

— ■ dip of, 306 

polarity, 303 

poles, 304 

fixed and moveable, 

306 

pyrites, 645 

repulsion, 305 

spark, 315 

instantaneous light 

procimul by, 316 
Magnetism, 313 
Barlow on, 307 

— Faraday on, 306 

Halley on, 306 

liansteen on, 306 

— Harris on, 305 

induced, 304-30G 

of cobalt, 684 

iron, 305-307 

nickel, 689 

steel, 305-307 

permanent, 304-306 

produced l)y percussion^ 

307 

pr^uces electricity, 

314 

tangential action of, 310 

terrestrial, 306 

vertiginous, 310 

See Electricity and Electro- 
magnetism. 
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Magneto electricity, 313 

electric induction, 313 

instantaneous light, 

316 

machines, 315 

^park, 316 

Magnet, bar, 305 

holder, 307 

horse-shoe, 307 

Magnets, mode of making, 
303, 710/a 

poles of, 304 

I spark obtained from, 

316 

Magnus on ethionic acid, 
1097 

selenium, 453 

Mairan, Dr, 45 
Maize, 1062 
Malachite, 705 
Malaxates, 1011 
Malseic aeid, 1011 
Malaria, 413, 1135 
Malateoflcad, 1010, 1011 

lime, 1010 

magnesia, 1011 

silver, 1011 

solania, 1037j 1054 

MalatesylOlO 
Male fern-root, 1049 
Malic acid, .1009 

action of heat 0 % 

1011 

Malleability of metals, 517 
Malleable platinum, how ob- 
tained, ^22 

Malt, composition of, 911, n, 

— high-dried, 1064 

— saccharine principle of, 

917 

Malting, 670 , 910, note 
Maltha, 962 

Malus on polarization of 
light, 179 
Man, 631 
Manganese, 631 

discovered by Gahn, 

630 

its acetate, 1116 

acids, 636 

alloy with gold, 819 

— iron, 658 

ammonio muriate, 

636 

sulphate, 638 

anhydrous chloride, 

635 

— arseniato, 750 

— benzoate, 976 

— black oxide, 632 

use of in glass- 

making, 865 

— — borate, 636' 

— brown oxide, 632 

carbonate, 630, 638 

— native, 638 


Manganese, its carburet, 638 

chromate, 771 

chlorate, 636 

chlorides, 635 

citrate, 1008 

■ combinations, tests 

'for, 639 

cyanuret, 638 

— deutoxide, 631 

ferrocolumbate, 783 

fluoride, 636 

hydrated protofluo- 
ride, 636 

— hydrolulphuretted 

oxide, 636 

hypophosphite, 638 

hyposulphffte, 636 

hyposulphite, 636 

— — — — iodide, 636 

mplybdate, 762 

nitrate, 636 

ores, 630 

oxalate, 1002 

oxide (black), 523 

(green), 5^1 

its oxide, action of the 

blowpipe on, 639 

oxides, 523, 630 

perchlorid?, 635 

— peroxide, 632 

hydrated, 633 

phosphate, 638 

phosphite, 638 

phosphuret, 638 

— potas6a-tarirate,630 

sulphate, 638 

properties, 631 

protochloride, 635 

protouitrate, 636 

protosulphate, 636 

— protoxide, 631 

hydrated, 631 

salts, their gtuieral 

characters, 638 
separation from si- 
lica, 632, note 

sesquioxidc, 631 

hydrated, 630 

silicate, 860 

silico-fluoride, 858 

spcciflc gravity, 631 

sources, 631 

succinate 981 

sulphate, 636 

anhydrous, 636 

— sulphite, 636 

— sulphocyanuret, 638 

sulphurct, 636 

— native, 636 

— tartrate, 994 

— • tungstate, 780 

Monganesate of potassa, 
e&i^not9 

Manganesic acid, 634 

— hydrated, 634 

Mangancsium, see Manganese 


Manganic acid, 633 
Mangetus quoted on trans- 
mutation, 12 
Manheim gold, 709 
Manna •mtaXlo/mm^ 786 

sugar, 906 

Mannite, 906 

Manufacture of iron and 
steel, 659, 665 
Manures, 878 

Manuring, lime used in, 604 
Maple sugar, 905 
Marantha arundinaceay 1051 
Marble, 603 

artiflcial production of, 

fK)5 

black, 603 

common, 604 

primitive, 603 

secondary, 603 

staining of, by archil, 

939, note 

by litmus, 939 

varieties of, 603 

Marhre di BergamOy 599 
Marcasite, 728 
Marcbt on the blood, 1137 

chyle, 1 196 

gluten, 918 

mineral waters, 1211 

phosphate of magnesia, 

626 

— potasbo-chloride of mag- 
nesium, 622 

sea-water, 397, 822 

sulphate of putassa and 

magnesia, 624 

and Bkrzelius on alco- 
hol of sulphur, 508 
Mares’ milk, 1158 
Margaratc of ammonia, 963 

load, 963 

potjissji, 963 

soda, 963 

Margaric acid, 962 

anhydrous, 963 

used to adulterate 

sulphate of quinia,1027, 
note 

Margarine, 951,7to/«,and 963 
Margaritic acid, 965, note 
Margarone, 963 
Margarous acid, 963 
Maroraaf, 73, note 
Marine volcano, 253 
Mariottb investi^tes the 
elasticity of air, 402 
Marking-ink, 806 
Marl, 604 

Marly clay, 861, note 
Marmor metaUicumy 75 
Marsh miasma, 1135 
Marshesj inflammable air oft 
- 481 

Martial ethiops, 640 
reguluB, 726 . 
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Martine on t1icnr.opeter^42 
Marx on the solubility of ni- 
trate of soda, 670, note 
Mass affects affinity, 39 
Massicot, 711 
Massive g}'p8um, 599 
Mastich, 977 

Materia medica, enriched by 
B. Valentine, 18 

— Paracelsus, 21 

saponacea, 923 

Match-boxcs,pho8phoric, 441 
Matter, forms of, 105 

■ imponderable, 173 

powers and properties 

of, 105 

radiant, 123, 175 

Maunoir notices the effect of 
hydrogen on the voice, 
348 

Maus on ammonio-sulphatc 
of iron, 648 

■ the preparation of chro- 

mic acid, 768 

Maximum density of water, 
130 

Mayer on conducting power, 
143 

on conduction of heat, 

143 

Mayernb, 22 
Mayow, 32 
— on affinity, 36 

attraction, 36 

combustion, 35 

hydrogen, 35 

medicines, 37 

metallic salts, 36 

nitrogen, 35 

respiration, 36 

salts, 37 

Mead, 1066 
Meadow saffron, 1035 
Meagre lime, 864 
Measured angles of cn’stals, 
115 

Measurement of crystals, 115 
• heights by the baro- 

meter, 400 

Measures of heat, 137 
Mechanical aggregation af- 
fects affinity, 211 

analysis of crystals, 114 

Meconatc of lime, 1021 

silver, 1022 

Meconates, 1022 
Meconia, 1019 
Meconic acid, 1021 
Medals, how bronzed, 679, 
697 

Medicines, chemical, 22 

first introduced, 21, 

22,25 

their . composition 

divulged, 26 

— incompatible, 37 


Mediterranean sea, its waters 
contain iodine and bro- 
mine, 344 

Medullary rays, 872 
Meerschaum, 860 
Melanie acid, 1174 
Melissa officinalis, 1056 
Mellilite, 984 
Mellitate of ammonia, 984 
Mellitic acid, 984 
Mellon] on heat, 193 

radiant heat, 193 

thenno-electricity, 303 

Melt, 1189 • 

Menachanite, 736 
Menilite, 85^ note 
Menispl^ic acid, 1038 
Menispermum cocculus, 1038, 
1060 

Menyanthes trifoliata, 1057 
Menyanthin, 1057 
Mercaptan, 1108 
Mercaptide of mercury, 1108 
Mercaptum, 1109 
Mercurial horn ore, 708 

ointment, 706 

Mercurio-cyanate of mercur}', 
811 

pneumatic apparatus, 

326 

Mereurius duleis, 786 

vitas, 722 

Mercury, 784 

frozen by liquid carbo- 
nic acid and ether, 47 1 

the evaporation of 

bisulphuret of carbon, 
508 

its acetate, 1123 

adulterations de- 
tected, 784 

— alchymical name 

and symbol, 784 

alloys, 798 

amalgam with am- 
monia, 799 

arsenic, 799 

bismuth and 

lead, 799 (triple) 
copper, 799 

— gold, 820 

— palladium, 835 

— platinum, 832 

potassium, 798 

• — silver, 812 

— — sodium, 798 

— tin, 799 

zinc, 798 

— • ommonio - persul- 
phate, 796 

ammoniuret, 786 

ancient names, 784 

— — — arsexiiate, 798 

— benzoate, 976 

bichloride, 789 

— - — bicyamiret, 796 


MeTCUf}’, it8biseleniuret,796 

bisulphuret, 794 

boiling-point, 784 

— : borates, 798 

bromates, 792 

bromides^ 792 

capacity for heat, 

148 - 

‘ — carbonates, 796 

chlorate, 791 

chlorides, 786 

chromate, 766, 798 

— citrate, 1009 

congelation, 471,’ 

508, 784 

— cyanurtt, 499, 796 

— frozen state, 471, 

508 

— fluorides, 792 

fulminate, 797 

hypophosphite, 796 

hyposulphate, 795 

hypOBulphited, 796 

— indigotatc, 951 

iodatc, 792 

iodide, 791 

mercaptide, 1108 

mercurio-cyanate, 

811 

— molybdate, 798 

— native state, 784 

-j- — — nitrates, 792 

nitrico oxide, 793 

ores, 784* 

— — oxalates, 1004 

oxidls, 784 

oxyniuriate, 789 

peracetate, 1123 

porbromide, 792 

percarbonate, 796 

perchlorate, 791 

percliloride, 789 

percitratc, 1009 

periodide, 791 

pemitrate, 793 

uses of as a test, 

793 

— a test of the 

purity of olive oil, 955 

peroxide, 785 

— hydrated, 785 

perphoRphatc, 796 

persulpliatc, 789, 

796 

— phosphate, 796 

phosphite, 796 

phosphuret, 796 

potassa-tartrate, 

997 

protacctatc, 1123 

protiodide, 791 

protobromide, 792 

— • — protocorbazotate, 

949 

protocarbonate, 798 

— — protoeWotate, 731 
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Mercury, its protochloride, 

786 

protocitrate, 1009 

protonitrate, 792 

crystallized, 792 

• — anhydrous, 792 

use of as a test, 

792 

protopho8phate,796 

protosnlphate, 796 

protosulphuret, 794 

— protoxalate, 1004 

j protoxide, 784 

^ purification, 784 

salts, their general 

chanicters, 800 

scbatc, 1186, note 

seleniuret, 796 

specific sravity, 

liquid and solid, 784 

subnitrate, 793 

— subpernkrate, 793 

succinate, 981 

sulphates, 789, 796 

sulphite, 795 

sulphocyanuret,798 

sulpluirets, 794 

super-pcniitrate, 

793 

supersulphate, 795 

«— — tartrate, 996 

— — urate, 1171 • 

white precipitate, 

791 

Metagallate qf potassa, 933 
Metagallic acid, 928, 932, 933 
Metal, fusible, 732 
batli of, for temper- 
ing steel, 660 

Metals, action of on alcohol, 

1078 

ammonia on, 627 

— the blow-pipe on, 

618, note 

— — boracic acid on, 632 

boron on, 632 

bromine on, 626 

carbon on, 631 

carbonic acid on 

their oxides, 632 

chloric acid on, 625 

chlorine on, 624 

cyanic acid on, 632 

ether on, 1086 

fluorine on, 626 

— — fulminicacidon,632 

— heat on, 618 

hydrocyanic acid 

on, 632 

— hydrogen on, 626 

hypoBulphuric acid 

on, 628 

• hyposulphurouB 

acid on, 628 

iodic acid on^ 626 

iodine on, 526 


Metals, action of nitric acid 
on, 627 

oxygen on, 621 

phosphoric acid on, 

631 

— phosphoniB on, 630 

selenium on, 630 

sulphocyanic acid 

on, 632 

sulphur on, 527 

— sulphuretted hydro- 
gen on, 629 

sulph^us acid on, 

528 

sulphuric acid on, 

628 

water on, 526 

ancient symbols of, 515 

anciently known, 815 

brittle, table of, 618 

cleaned by bisulpliate 

of potash, 569 

crystallization of, 110 

decompose carbonic 

acid gas at high tem- 
peratures, 473 

muriatic acid gas, 

361 

ductile, table of, 517 

— enumeration of the, 
515 

expansion of, 123 

found in veins, 616 

fusible, 519 

fusing-points of, 141 

general characters of, 

616 

hard, table of, 618 

known to the ancients, 

616 

list of, and their dis- 
coverers, 616 

magnetic, 303 

malleable, table of, 61 7 

named after planetary 

bodies, 616 

native, 616 

chlorides of, 616 

oxides of,’ 516 

salts of, 616 

sulphurets of, 516 

noble, 621 

oxides of, reduced, 522 

oxygen attracted by, 

order of, 635 

polished, are imperfect 

radiators and receivers 
of heat, 616 

precipitated by ferro- 

cyanate of potassa, 663 

ferrosesquicyanuret 

of potassium, 666 

infusion of galls, 

table of, 930 

met^Sj 622 

phosphorus, 631 


1977 

Metalsprecipitatedbysulphu- 
retted hydrogen and 
hydro-Bulphuret of am- 
monia, 6^ 

— sulphates of, decom- 
po^, 627 

sources of, 616 

tenacious, table of, 618 

veins of, 516 

volatile, 619 

their action upon each 

other, 632 

on nitre, 662 

. affinity for oxygen, 

table of, 636 

alloys, 632 

— table of, 633 

action of acids 

on, 533 

chemical and 

physical properties of, 
533 

fusibility of, 633 

oxidation of, 533 

specific gravity 

of, 633 

attraction for oxy- 
gen, 622 

order of, 636 

hydrogen, 354 

bisulphurets, 628 

borates, 632 

brittlen^^ss, 518 

bromiddi, 626 [ 

carbonates, 632 

carburets, 531 

chlorates, 626 

— chlorides, physical 

and ehemic^ charac- 
ters of, 624 

classification, 534, 

and note ibid. 

combinations affect- 
ed by light, 622 

— — crystallization, 517 

by fusion, 6I7 

— — — precipitation, 

6I7 

cyanides, 532 

cyanurets, 532 

discovery, order of, 

616 

ductility, 617 

elasticity, 618 

fluorides, 626 

fulminates, 632 

fusibility, table of, 

521 

haloide salts, 524, fi. 

hardness, 518 

hydrocyanates, 632 

hydrosulphuretted 

oxides, 629 

hydrurets, 526 

hypophoBphites^631 

hyposulphates, 6^ 
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Metals, their hyposulphites, 
528 

— — iodides, 526 
— • — lustre, 616 

malleability, 617 

nitrates, 627 

opacity, 616 

— oxidation by the 

blowpipe flame, 620 

oxides, 621 

— — — combine with 
acids, 523, 632 

— each other, 

624 

oxy-acids, 

623 

— definite, 623 

phosphates, 631 

isomeric varieties 

of, 631, note 

phosphites, 631 

phospliurets, 630 

physical characters, 

precipitates, various 

coloursof, 630, 653,656, 
930 

proto and per-salts, 

623 

reduction, 522 

by electricity, 

622 

heat, 622 

reflective powers, 

order of, 616 

— — seleniates, 630 

seleuites, 630 

— — seleniurets, 630 
sesquisulphurets, 

628 

— — solutions, action of 
tests on, 530, 653, 656, 
930 

sp. gravities, 617 

sulphates, 628 

sulphites, 628 

sulphocyanates, 632 

sulphocyanurets, 

532 

sulphurcts, 627 

-r sulphur-salts, 628 

tenacity, 618 

Metallic acids, 623 

alloys, 632 

table of, 633 

base of alumina, 848 

ammonia, 374, 790 

baryta, 606 

; lime, 691 

magnesia, 619 

potassa, 636 

soda, 671 

strpntia, 616 

zirconia, 842 

bath for tempering 

steel, 666 


Metallic hisulphurets, 628 

borates, 632 

bromides, 626 

carburets, 631 

chlorides, 624 

native, 616 

combinations, native, 

616 

affected by light, 622 

cyanides, 632 

cyanurets, 632 

fulminates, 632 

hydrocyanates, 632 

hydrosulphatei^ 629 

bydrosulphuretted ox- 
ides, 629 

hypophosphites, 631 

hyposulphites, 628 

iodides, 626 

nitrates, 627 

oxides, 621 

action of carbonic 

acid on, 632 

definite, 523 

native, 616 

their reduction, 622 

phosphates, 631 

isomeric varieties of, 

531, note * 

phosphites, 631 

phospliurets, 630 

precipitation, 622 

salts, native, 616 

seleniates, 630 

selenites, 630 

— seleniurets, 630 

sesquisulphurets, 628 

solutions, action of sul- 
phuretted hydrogen on, 
table^of, 630 

sulpliates, 628 

sulphites, 528 

sulphocyanates, 632 

sulphocyanurets, 632 

sulphurets, 528 

native, 516 

surfaces,perfectly clean, 

attract hydrogen, 363 
Metallization of anlmoiiia, 

374 799 

Metalloids, 318, 319 
Metallurgical operations, 
fluxes for, 667 
Metameconic acid, 1021, 
1022 

Mctaphosphoric acid, 446 
Meteoric iron, 6^, 693 

stones contain iron, 639 

remarks on, 692 

Meteors, 78, 267 
and falling stars, elec- 
tric origin of, 267 
Methylene, 1126 

its bihydrato, 1125 

combinations with 

hydracids, 1126 


Methylene, its combinations 
with oxyacids, 1127 

muriate, 1126 

protohydrate, 1126 

sulphate, 1127 

Meyer, 66 i 

Mezereon, 1043, 1062 

root, active principle of, 

1043 

Mica, 688, 861 
Micaceous iron-ore, 642 
Microcosmia salt, 683 
Micrographia^ Hooke's, 31 • 
Miemite, 629 
Milk, 1151 

— acid of, 1151 

— asses’, 1158 

— composition of, 1 161, 1 158 

— cows’, 1151 

— curd of, 1165 

— goats’, 1158 

— human, 1167 

— influence of food on, 1169 

— mares’, 1168 

— sheeps’, 1168 

— sp. gr. of, 1168 

— sugar of, 1167 

— of lime, 692 

— of sulphur, 419 

— of the cow-tree, 917 
Mindererus’ spirit, 1116 
Mine tin, 674 
Mineral adipocqre, 982 

analysis, 78 

caoutchouc, 982 

chameleon, 634 

charcdKl, 463 

green, 706 

pitch, 982 

tar, 982 

Minerals, artificial, their pro- 
duction, 660, note 

magnesian, 629 

pot:issa obtained from, 

640, note 

siliceous list of, 861 

Mineral waters, analysis of, 
1206 

carbonated, 1205, 

1211 

clialybeatc, 1205, 

1211 

— common ingredients 

of, 1206 

contain sulphuretted 

hydrogen, 434 

foreign matter in, 

nature of, 1205, 1211 

quality of, 1205, 

1211 

gaseous contents of, 

collected and examined, 
1206 

saline, 1205, 1211 

solid contents of, as- 
certained, 1206 
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Mineral ivaters, sp. gr. of, - 
1205 . 

— — sulphurous, 1205, 
1211 

tables of their com- 
position, 1211, 1212 
Miners' srfety-lamp, 96, 209 
Mines, firc-d^p of, 96, 209 

— coal, fire-damp of, 461 

— choak-damp of, 472 
Minium, 712 

Minus electricity, 222 
Mirrors for radiant heat, 188 

foci of found, 187, w. 

for radiation, 188 

Mispickel, 757 
MiTscHKHLicii on alcoliol, 
1082 

oiiommonio-Bulpliateof 

copper, 704 

ammoiiio-pliospliate of 

soila, 583 

ammonio-sulpliatc of 

magnesia, 624 

arseiiiates, 74? 

arsenic acid, 747 

arseiiious acid, 746 

benzoic acid vapour, 975 

— biphospliate of potaaaa, 
561 

— — carbon vapour, 475 

crystallization, 106 • 

crystals of sulphur, 417 

ether, 1089 

iodide of^carbon, 479 

iodite of soda, 342 

— iron slags, 660, note 

isomorphous salts, 106 

nitrate of mercury, 792 

permanganic acid, 636 

potosso-phosplmte of 

soda, 584 

seleiiiate of potash, 561 

seleniates, 456 

selenic acid, 455 

sulphate of cobalt, 686 

— — — of iron, 647 

— — and potassa, 649 

of manganese, 638 

potassa and nickel, 

691 

— — zinc, 671 

sulphur-vapour, 419 

Mixtures, freezing, 154 
Moder, 923, 

Modem elements, 317 
Mohs on crystallization, 120 
Moisture accelerates putre- 
faction, 1133 

absorbed by plants, 50, 

89^ 

Molecular arrangement of 
solids, 107, noie 
Molybdate of ammonia, 760, 
761 

baryta^ 762 


Molybdate of cobalt, 762 

copper, 763 

— - iron, 762 

lead, 762 

liiiie, 762 

' magnesia, 762 

manganese, 762 

mercury, 798 

molybdenum, 761 

nickel, 762 

potassa, 762 

silver, 811 

soda, 762 

strontia, 762 

tin, 762 

uranium, 763 

zinc, 762 

Molybdenum, its ammonio- 
chloride, 763 

bichloride, 763 

* biduoride, 763 

biniodide, 763 

binoxide, 760 

bisulphuret, 764 

— bromide, 763 

chlorides, 763 

chromate, 772 

compounds, action 

of the blow-pipe on, 765 

deutoxide, 760 

— — sp. gr. of, 760 

— • hydrated, 760 

fluorides, 763 

iodides, 768 

molybdate, 761 

oxalate, 1004 

oxides, 760 

perchloride, 763 

pevfluoride, 763, 764 

peroxalate, 1004 

peroxide, 761 

persulphuret, 765 

preparation, 759 

properties, 759 

protiodide, 763 

— protochloride, 763 

protoxalate, 1004 

protoxide, 760 

quodrosulphuret, 

765 

salts, general cha- 
racters of, 765 

sp. gr., 769 

sources, 759 

Bulphuret, native, 

764 

sulplmrets, 764 

tcrsulphuret, 764 

Molybdic acid, 759, 761 

its composition, 761 

solubility, 761 

sp. gr., 761 

Molybdo-tersulphuret of po- 

tassium, 764 

Molybdo-tersulphurets, 764 
Molybdous acid, 760 


Mmordica elaterium^ 1000 
Mongb and Cloukt condense 
sulphurous acid by cold, 
420 

Monkshood, 1056 
Monochromatic lamp, 206, n. 

light, 206 

Montizon on metallic oxides, 
523 

Moonbeams, 204 
Moors on eau midUnnale^ 
1035, mto 
Morels, 1056 
— sugar of, 907 
Moubtti on 8ul])hate of stron- 
tia, 017 

MoiiicHiNi on the magnetiz- 
ing power of solar rays, 
185 


— ^ — on tlio spectrum, 185 
Morin on chloride of lime, 
595 


Mornay on phosphorescence, 
201 

Moroxite, 601 
Moroxylate of lead, 1014 

of lime, 1014 

Moroxylic acid, 1014 
Morphia, 1015 

anhydrous, 1017 

its bisulphate, 1017 * 

crystals, 1017 

hydrate, 1016 

muriate, 1017 

nitrate, 1018 

— — preparation and pro- 
perties, 1015 

salts, 1017 

sulphate, 1017 

' ultimate analysis, 

1017 

Mortars used in building, 604 
863 

Morus tiTieioria, 941, 1054 
Morvbau, 91 

on alloys of lead, 719 

Mosaic gold, 678 
Mosandbr on cerium, 739, 
et se^. 

Mother liquor of crystals, I07, 


— of pearl shells, 1191 
Motion of light, 174 
Mottled iron, 664 
MouiitainKisli berries, 1009 
Mountain blue, 706 
— green, 706 
Mucate of ammonia, 897 

; of lead, 897 

Mucic acid, 897 


Mucus, 1165 
Muffle, 813 

Mulberries, white, acid of, 

1014 

Mulberry calculi, 1001 
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Huisir'oii teRuriiiai, 742 
MulitpUet*, eleetrioal, 245 

elec(irQ*iiUigiietiCj 312 

Mfimia mhuralis, 982 
Moral circle, its gradoation, 
835 

Muriacite, 599. 

Muriate alumina, 850 

ammonia, 396 

found in sea-water, 

397 

increases the solubi- 
lity of corrosive subli- 
mate, 790 

native, 397 

camphogen, 970 

cinchonia, 1025 

citrene, 970 

copper, 700 

fibrin, 1143 

gold, 816 

its decomposition by 

various agents, 816 

lime, 692 

magnesia, it existence 

in sea-water, 621 

methylene, 1126 

morphia, 1017 

narcotina, 1021 

potash, 541 

— quinia, 1028 

soda, 673 

veratria, 1036 

zinc, 669 

Muriatic acid, ^OO 

bromi^ perhaps con- 
tained in, 364 note 

— commercial, contains 
iron and bromine, 364 
and note ibid. 

r— — — tests of its purity, 
364 

decomposed by electric 

sparks and heat, 361 

dephlogisticated, 82 

evolves chlorine, 365 

hydrogen, 366 

— — liquid, apparatus for 
obtaining, 363 

atomic table of, 367 

— — • — boiling-point of, va- 
ries with its density, 
364 

— sp. gr. of, 364 

table of, 366 

of the Pharmacopmay 

364 

occasionally a volcanic 

product, 365 

oxygenized, 83 

prepared *by Basil Va- 
lentine, 18 

— — Glauber, 26 
test for, 71 

uncombined exists in 

gastric juice, 365 


Muriatic acid, its absorption 
by charcoal, 461 

action on alcohol, 

1105 

— — composition, 361 
— decomposition, 365 

— history, 26 

— — production from 
chloride of sodium, 578 

Muriatic acid gas, 360 

absorbed by icc, 363 

water, 363 

— — ■ — decomposed by me- 
tals, 361 

diagram of its com- 
position, 362 

— discovered by 

Priestley, 362 

its action on oil of 

turpentine, 970 
formation af- 
fected by light and 
coloured mediae 361 
liquefied by pres- 
sure, 362 

its sp. gr., 362 

ether, 1105 ^ 

Murray, on sea-water, 621 

sulphate of soda and 

magnesia, 626 

Musgmbnbroeck on bismuth, 
729 

cold, 45 

expansion by heat, 126 

heating water, 163 

Muscle, 1183 

.action of acids on, 1 184 

and nitric acid evolves 

nitrogen, 372 
Muscovado sugar, 899 
Muscular fibre, 1183 
Mushet on steel, 666, note 
Mushroom sugar, 907 
Musical sounds produced by 
the combustion of hy- 
drogen, 350 
Muntanue CaroluSy 13 
Musk, 1190 

Muslin, incombustible, how 
prepared, 915 
Musti^-seed oil, 966 

its peculiar acid, 

966, note 
Mutton fat, 1186 
Myricin, 958 
Myrietica moechatay 1060 
Myrtfia pmentay 1060 

Nanceicacid, 1128 
Nairnx's electrical machine, 
231 

Nani on rhubarb, 1046 
Naphtiip,eM>, 982, 1089 

artificial, 492 

dissolves caoutchouc, 

491 


Naphtha, native, 491 
its varieties, 491 
Naphthalin, 492 

and chlorine, 493 

sulphuric acid, 493 

Narceia, 1018 r 
Narcotina, 1020 

muriate of, 1021 

Nascent hydrogen, 460 
Native alumina, 849 

arseniate of cobalt, 751 

arsoiuates of copper, 750 

arsenic, 744 

arsenite of lead, 746 

bismuth, 728 

borocic acid, 61 1 

calomel, 788 

carbonate of bar}'ta, 61 3 

— — copper, 706 

lead, 719 

lime, 603 

magneria, 628 

: — manganese, 638 

soda, 584 

? zinc, 672 

chloride of lead, 713 

silver, 804 

chromate (chromite?) 

of iron, 771 

lead, 772 

cinnabar, 795 

— compounds of tungsten, 

778 , note^ 

copper, 696 

" cr^'stallked sulphate of 
lime, 698 

cubic arseniate of iron, 

750 

Epsom salt, 624 

gold, 814 

green vitriol, 648 

— hydrate of magnesia, 
620 

hydrates of alumina, 

860 

— — iodide of silver, 804 

iron, 693, 639 

metds, 616 

mercury, 784 

molybdlate of lead, 702 

nickel, 688 

orpiment, 756 

oxide of copper, 698 

bismuth, 729 

iron, 641 

tin, 674 

palladium, 834 

— peroxide of manganese, 
632 

tin, 675 

• perphosphate of ura- 

nium, 734 

— persulphate of ura- 
nium, 734 

phosphate of copper, 

705 
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Native pliosphate of lead, 718 

linie, 601 

— platinum, 821 

protocarbonate of iron, 

660 

protoehloride of mer- 
cury, 788 

protophosphate of iron, 

649 

protoxide of chromium, 

767 

Prussian blue, 649 

— ^ realgar, 764 

silver, 800 

sulplmte of baryta, 611 

sulphate of lead, 717 

6tix>ntia, 618 

zinc, 672 

sulphuret of antimdhy, 

720, 723 

bismuth, 730 

iron, 645 

lead, 717 

manganese, 636 

molybdenum, 764 

nickel, 690 

silver, 807 

— zinc, 670 

tungstate of lime, 776, 

note 

white arsenic, 746 

Natrium, 671 ^ 

Natrolite, 861 
Natural states of bodies, 123 
Nature, effects ^f radiation 
in, 201 

Needle, magnetic, 306, 308 
Negative electricity, 223 
Nkilson on the hot air-blast 
in iron-furnaces, 662, n. 
Nepheiin, 861 
Neutralization, 214 

point of, in alkalimetry, 

666 ; 

Neutral phosphate of lime, 
600 

magnesia, 625 

selenite of lime, 602 

N ewman’s apparatus for ana- 
lysis of waters, 1206 

mercurial trough,' 326 

Newton, Sir I., on attrac- 
tion, 38 

cooling in vacuo, 196 

decomposition of light, 

• fusible metal, 732 

light, 173 

■ radiant matter, 192 

thermometers, 138 

Nic, 689 

Nicaragua wood, 937 
Nicholson andCARLXSLS first 
observe the decompos- 
in^f powers of the vol- 
taic pile, 272 


Nxaotiana tahaoum. 1038, 
1067 

Nicotina, 1038 

— its preparation and pro- 
perties, 1038 

Nickel, coin of, 689, note 

discovered by Cron- 

siedt, 688 

— induced magnetism of, 
304, 306 

native, 688 

pure, how obtained, '688 

ochre, 751 

its acetate, 1119 

— alloy's, 692 

alloy with gold, 810 

iron, 639 

— — ammonio-carbonatc, 
690, 692 

— - nitrate, 690 

sulphate, 691 

arseniatc, 751 

— — ~ hydrated, 751 

benzoate, 976 I 

borate, f^2 I 

carbonate, 692 

carburet, 692 

chloride, 690 

chromate, 771 

citrate, 1009 

cyanurct, 692 

' ferrocyanuret, 692 

fluoride, 690 

— - — hypophosphite, 691 

iodide, 6^ 

magnetic property, 

689 

molybdate, 762 

— nitrate, 690 

— — oxides, 689 

oxalate, 689, 1004 

peroxide, 689 

phospliatc, 691 

phosphite, 691 

phosphuret, 691 

potassa-sulpliate, 

691 


protoxide, 689 

hydrated, 689 

salts, action of the 

blow-pipe on, 696 
— their general cha- 
racters, 695 

silico-fluoridc, 858 

sources, 688 

sp. cr. 689 

sulphate, 690 

with iron, 691 

sulphuret, 690 

native, 690 

tartrate, 996 

Nightshade, 1036 ^ 
Nigrine,738 

MAt/ 668 


Nimmo on croton-oil, 955 
Nitrate of alumina, 850 




Nitrate of ammonia, 899 

anhydrous, ^ 

its crystals, 399 


heat produces nitrous 
oxide, 374 , 399 
— — diagram of its de- 
composition, 399 

its varieties, rahy- 

drous, compact and 6- 
brous, 400 

of antimony', 723 

baryta, 606, 608 

bismuth, 730 

cadmium, 681 

chromium, 774 

cinclionia, 1025 

cobalt, 685 

copper, 700 

glucina, 8/f2 

load, 714 

lime, 597 

its phosphorescence, 

597 

lithia, 589 

magnesia, 622 

manganese, 636 

mercury, 792 

and ammonia, 793 

morplna, 1018 

nickel, 690 

platinum, 830 

potassa, 548 

its decomposition by 

heat, &c., 551 

its solubility in wa- 
ter, 550 

— its sources, 648 

quinia, 1029 

silver, 804 

action of light on, 805 

anhydrous, 806 

crystallized, 805 

dii^olours the rete 

mucosum, 806 

forms marking-ink, 

806 

fused, 805 

use of as a test, 806 

— its action on organic 

bodies, 805 

on sugar, 903 

its decomposition, 

805 

by hydrogen, 806 

its detonation with 

combustibles, 805 

Boda^ 676 

native, 676 

its crystals anhy- 
drous, 676 

its solubility, 676, 

and note ibid. 

strontia, 616 

hydrated crystal- 

. lized, 616 

4 N 
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Xi^te of Btrontia, its use in 
pyrotechny, 616 

tin, 677 

unoiium, 734 

yttria, 846 

— zinc, 670 

zirconia, 844 

Xitrates, metallic, 387, 327 
Xitre, 548 

— action of charcoal on, 551 

phosphorus on, 561 

sulphur on, 551 

— contains nitric acid, 381 

— clyssus of, 651 

— cubic, 576 

— essential to the formation 

of sulphuric acid, 427 

— fixed, 661 

— fused, 551 

— oxygen obtained from, 64, 

551 

— proportion of, in gunpow- 

der and fulminating 
powder, 552 

— rough, 548 

— its action on metals, 552 
artificial production, 

548 

composition, 661 

— — crystals, 110, 550 

decomposition, 651 

•— by heat, &c., 551 

deflagration with tar- 
tar, 567 

natural sources, 548 

— — purification, 649, 650 

— — refraction, 648 

— — value ascertained, 548 
solubility, as stated by 

diiferent chemists, 550 

— — • sources, 548 

— beds, 648 
Nitric acid, 381 
acidifies phospho- 
rus, 443, note 

apparatus, 382 

applied to wounds in- 
flicted by rabid animals, 
•681 

Apothecaries’ Hall ap- 
paratus for, 383 

commercial, tested, 383 

diagram of its compo- 
sition, 384 

— — exists only in combina- 
tion withVater or a 
base, 384 

fumigation by, 387 

inflammation of turpen- 
tine by, 386 

obtained from nitre, 

381 

TharmaeopoBia propor- 
tions for obtaining, 382 

produces intense cold 

with snow, 334 


Nitric acid, residue of its dis- 
tillation, 559, and n. ib. 

— strength of, for alka- 
limetry, 5& 

— : — table of, at different sp.. 

gravitiei^ 385 ) 

tonic properties of, 387 

its action on animal 

matters, 386 

— — on charcoal, 927, 

note . 

gum, 895, 1004 

— indigo, 946, 949 

metals, 527 

sugar, 997 

volatile oHs, 966 

boiling-points, table 

of, 384 

changes of colour, 

386 

by dilution, 

384 

composition, 381 

congelation, 384 

decomposition by 

heat and electricity,386 
generates am- 
monia, 386 

distillation, 382 

formation by elec- 
tricity, 297, 381 
importance in ana- 
lysis 388 

oxydizing agency,386 

— — presence detected, 

387 

properties, 383 

specific gravity, 384 

sources, 381 

union with ammo- 
nia, 399 

Nitric oxide, diagram of, 378 

(deutoxidc or binoxide 

of nitrogen, nitrous gas) 

377 

fatal to animal life, 378 

how recognised, 378 

its absorption by proto- 
salts of iron, 379 

characteristics, 379 

decomposition, 378 

uses in eudiomet^, 

409 

properties, 378 

specific gravity, 378 

sources, 377 

Nitrico-oxide of mercury, 793 
Nitrite of lead, 715 
Nitro allrial particles, 34 
Nitro-carbui^, 501 
Nitrogen, discovered by Ru- 
therford, 67 , 371 
a non-supporter of com- 
bustion, 373 

and sulphur do not 

combine, 437 


Nitrogen, its absorption by 
charcoal, 461 

biooriiaret, 499 

binoxide (nitrous 

gw)» 377 

carburet, 601 

•: chloride, 389 

deutoxide (nitrous 

gaa), 377 

elementary nature 

suspected, 373 

existence in vegeto- 

alkaloids, 1024 

existence in nearly 

all detonating bodies, 

390 

— evolution in organic 

analysis, 885 

— iodide (teriodide), 

391 

an explosive 

compound, 391 

indecision of rest 

under electrical action, 
394 

obscure electrical 

relations, 373 

phosphuret, 449 

properties, 372 

proto-carburet, 60 i 

protoxide (nitrous 

oxide), 374 

^ intoxicating ef- 
fects of, 375 
— sorrees, 371 

specific gravity, 372 

combination with 

carbon, 499 

union with chlorine, 

389 

hydrogen (am- 
monia, volatile alkali, 
terhydruret of nitrogen) 
391 

iodine, 391 

union with oxygon 

at elevated tempera- 
tures, 373 

in five pro- 
portionals, 374, et seq. 
Nitro-leucic acid, 1184 
Nitro-muriatic acid, (aqm 
regia), 388 

contains chlorine, 388 

the solvent for gold, 

389 

its nature explained by 

a diagram, . 388 
Nitro-phosphate of lead, 71^ 
Nitro-sulphuric acid, 808 
Nitro-tungstato of potossa, 
780 

Nitrous acid, 19, 86, 380 
diagram of, 381 

its colour varies with 

temperature, 381 
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Nitrous acid vapour, 380 

gas, its sp. gr., 381 

and sulphurous acid, 

when dry, have no nm- 
tual action, 426 
Nitrous etlTer, 1098 

its preparation and prob 

perties, 1098 

Nitrous gas (deutoxide, bin- 
oxide of nitrogen, nitric 
oxide), 377 

obtained by Mayow, but 

examined by Priestley, 

377 

its characteristics, 379 

Nitrous oxide (protoxide of 
nitwgen), 64, 86, 374 

anecdotes regarding its 

inhalation, 374 

condensed by pressure, 

376 

discovered by Priestley, 

liquid, 376 [64, 374 

how obtained, 376 

supports combustion, 

376 

theory of its production 

from nitrate of ammo- 
nia, 399 

its absorption by chjir- 

coal, 461 ^ 

intoxicating effects, 

decomposition by 

heat, and*detonation 
with hydrogen, 377 

purity determined, 

374 

specific gravity, 374 

Nitrous turpeth, 793 
Nitrumfixum, 651 
Nitrum Jlammans^ 399 
Nitrurets, 1030 
Nitzsch on selcnic acid, 465 
Nobili on electricity, 301 

magnetism, 315 

Noble metals, 521 
Nomenclature, 86, 91 
— " abstract of chemical, 
320 

difficulty of its applica- 
tion to hydrocarbons, 
490 

of alkaloids, remarks 

on, 1023, note 
Non-electrics, 226 
N ordhausen, or German sul- 
phuric acid, 424 
Northern lights, 264, 257 
Norton, 16 

NooTH'aappawtas, 473 
NnclousincivBtallizatioii.Ill 



Oak bark, 1053 
Obbrkampf on precipitates 
of gold, 817 

Observers of thunder-storms, 
•262 

Dbsidian, 866, note 
Ochroit, 739 
Octoedrite, 736 
Odorin, 1132 
Od(*ur of blood, 1146 
Odours destroyed by char- 
coal, 461 

by chlorine, 333 

CBnothionic acid, 1089 
CEhstei) on compression of 
water, 357 

electro-magnetism, 308 

piperin, 1041 

Oil, almond, 955 

— animal, 1131 

— beech-nut, 956 

— capacity of, for heat, 148 

— castor, 964 

— cocoa-nut, 967 

— colsa or cole-seed, 956 

— croton, 966 

— empyreumatic, 1131 

— essential, 965 

— gallipoli, 955 

— hemp, 954 

— linseed, 964 

— mustard-seed, its peculiar 

acid, 956, note 

— neats*-foot, 1186 

— nut, 964 

— nutmeg, 957 

— olive, 965 

— palm, 957 

— philosophers*, 952 

— poppy, 954 

— preservation of meat by, 

1133 

— quantity of gas afforded 

by 496 

— rape, 966 

— spermaceti, 1187 

— stearine of, 1187 

— train, 1187 

— walnut, 954 

— watchmakers*, 956 

— whale, 1187 

— for clock-work, 1186 

— of amber, 979 

— ben, 956 

— bricks, 952 
— • ciimamon, 971 

— cloves, 971 

— copivi, 971 

— lime, 693 

— pimento, 971 

— tartar, per deliquium, 

662 

— tur|)entine, 967 

— — action of muriatic acid 

gas on, 970 
hydrate of, 969 


Oil of turpentine, its cqmpo* 
sition, 967 

— -—its sources and pro- 

perties, 967 

its sp. gr., liquid, and 

vapour, 967 

— of wine, 1092 

composition of, 1093 

— — (heavy), 1092 

(light), 1094 

its sp. gr., 1094 

— of vitriol, 421 
its discovery, 19 

— gas, 496 

illumination by 496 

its sudden expansion, 

484, note 

liquor, 487, 489 

Oiling crystals prevents their 
efHorcbcence, 109 
Oils, action of various agents 
on, 1186 

— animal, uses of in soap- 

making, 959 

— concrete, 967 

— drying, 962, 964 

— essential, 965 

— fixed, 961 

action of acids on, 963 

air on, 952 

— alkalies on, 953 

chlorine on, 953 

heat on, 952 

— metallic oxides on, 

953 

oxygen on, 952 

decomposition of by 

heat, 952 

— distillation of, 952 

saponification of, 969 

and mte 

solubility of in alcohol, 

954-956 

in ether, 966, 956 

pliosphorus in, 953 

— sulphur in, 953 

their specific gravi- 
ties, 951 

ultimate analysis of, 

953 

— greasy, 965 

— scented, 956 

— vegetable, 961 

— volatile, 966 

action of nitric acid 

on, 966 

— — reagents on, 966 

distillation of, 966 

inflammation of, 966 

recipient for, 966 

— — relative quantity of 

from different materials, 
967 

specific gravity of, 966 

tests of their purity, 

966 

4-n2 
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Oils, volatile, their general 
characters, 966 
Olanin, 1132 
Oleate of ammonia, 964 
— ^ baryta, 964 

copper, 964 

lead, 964 

potassa, 964 

-■ ■ soda, 964 
Olefiant gas, 483 
*— its volume, 480 

— and bromine, 486 

and chlorine, 485 

and iodine, 486 

Oleic acid, 964 

anhydrous, 964 

crystallized, 964 

Olein, 952 
Oleonc, 964 
Oleum^ 1132 

Oleum vilrioli dulce, 1080 
Olibonum, 977 
Olive oil, 955 

its bad electrical con- 
ducting power, 955 

test of its purity, 955 

Olivin, 860 
Olivine, 629 
Onions, 1049 
Onyx, 855, nole 
Oolite, 604 
Opal, 855, nole 
Opium, 1015 

its active principles, 

1016 

Egyptian, 1020 

Opposite electrical states, 226 
Opuscukty Bergman's, 76 
Opm majusy 6 
Orange-peel, 1059 
Orchis mascula, 1051 
Orchis-root, 1051 
Ordinall of Alchemy y 15 
Ores of antimony, 723, 727, ». 

— arsenic, 744 

— bismuth, 728 

— chromium, 766, 771 

— cobalt, 683 

— copper, 696, 702 

— gold, 814 

— &on, 641, 659 

— lead, 715 

— manganese, 630 

— mercury, 784 

— nickel, 688 

— platinum, 821 

— silver, 800, 807 

— tellurium, 742 

— tin, 674 

— • titanium, 736 

— zinc, 672 
Orfila on arsenic, 745 

barytic salts, 614 

detection of blood, 1150 

sulphurets of arsenic, 

755 


Orfila on tin, 674 
Organic analysis, 879 

caoutchouc-tubes, 

uses of in, 880, mte 

carbonic acid in, 

how estimated, 888 

chlorate of potassa used 

in, 882 

difficulties of, 882 

gases evolved in pre- 
cautions regarding, 890 
and note 

nitrogen evolved in, 

how collected, 885 

oxide of copper used in, 

883 

Prout’s apparatus for, 

887 

use of chloride of cal- 
cium in, 884 

use of copper-shavings 

in, 884 

— use of solution of po- 
tassa in, 885 

water in, weight of, how 

estimated, 884 
Organic bodies, their ulti- 
mate elements, 881 

tissues, permeable by 

hydrogen, 350 

and inorganic bodies, 

distinction botwcen,979 
Orpiment, 704 
its ammoniacal solu- 
tion, 704 

native, 705 

Orsellc, 938 
Orthite, 739, 845 
Oryza stUivay 1060 
OsANN on tartaric acid, 989 
Osmazome, 1055, 1183 and 
note 

vegetable, 1055, 1056 

Osmic acid, 839 
Osmio-chlorides, 839 
Osmium, its alloys, 839 

bichloride, 839 

binoxide, 839 

chloride, 839 

hydrated oxide, 838 

name, origin of, 839 

oxides, 838, 839 

perchloride, 839 

peroxide, 839 

odour of its va- 
pour, 839 

— — preparation, 838 
— >- — i^operties, 838 

— protochloride, 839 

protoxide, 838 

seequichloride, 839 

sesquioxide, ^8 

sources, 838 

specific gravity, 838 

— ■ sulphurets, 839 , 

teroxide, 839 ! 


OuDRY on thein, 1048 
Ovalbumen, 1140 
Oxalate of alumina, 1004 

ammonia, 999 

destructive distilla- 

lation of, 999 

— — used as a test for 
lime, 999 

^ antimony, 1003 

baryta, 1001 

bismuth, 1003 

cadmium, 1002 

cerium, 1003 

chromium, 1004 

cinchonia, 1025 

— cobalt, 1003 

columbium, 1004 

— ^ copper, 1002 

and ammonia, lOOif 

potassa, 1003 

soda, 1003 

iron, 1002 

lead, 713, 1003 

lime, 605, 1001 

anhydrous, 1001 

existence of in cal- 
culi, 1001 

— — or mulberry calculi, 
1001 

— — use of in quantita- 
tive analysis, 1001 

lithia, 1000 

magnesia, 1002 

— manganese, 1002 
mercu/y, 1004 

— molybdenum, 1004 

nickel, 689, 1004 

potassa, 1000 

quinia, 1029 

silver, 1004 

soda, 1000 

— ' strontia, 1002 

tin, 1002 

titanium, 1004 

uranium, 1003 

zinc, 1002 

Oxalic acid, 997 

action of chlorine on, 

998 

heat on, 998 

— — sulphuric acid on, 
998 

antidote for poisoning 

by, 998 

anhydrous, 998 

its composition, 998 

— crystals, 997 

■ decomposition, 998 

desiccation, 997 

— — — — ■ distinction from 

Epsom salts, 998 
. — — intense sourness, 
998 

poisonous nature, 

998 

BoIubOity, 997 
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Oxalie add, its sources and 
properties, 997 
Oxalic ether, 1100 
Oxalis aoetosellay 997, 1000 
Oxalmide, or oxamldc, 999 
Oxalvinate of baryta, 1101 

potassa, 1101 

Oxalvinic acid, 1101 
Oxam^thane, 1101 
Oxamide, 973 
or Oxalmide, 999 

■ action of various re- 

. agents on, -999 

composition of, 999, 

1000 

properties of, 999 

Ox bones, 1192 

— fat, 1185 

— gall, 1159, 1101 
Oxidation, 330 

of metallic alloys, 633 

substances by the 

blowpipe, 520, note 
— • — steel, the cause of its 
colour, 660, note 
Oxide of aluminum, 849 
~ antimony, 720 
arsenic, 744, 746 

— barium, 006 

bismuth, 729 

cadmium, 681 

hydrated, 681 

calcium, 591 

carbon, 404 

cerium, 739 

chlorine, sp. gr. gf, 335, 

337 

chromium, 760 

cobalt, 684 

ammoniated, 685 

hydrosulpburetted, 

607 

columbium, 782 

copper, 697 

its action on sugar, 

903 

— *— its use in organic ana- 
lysis, 883 

glucinum, 841 

gold, 814 

■ hydrocarbon, 907 

iodine, 341 

iridium, 840 

lead, 711 

its combination with 

sugar, 903 

magnesium, 620 

manganese, 630 

manganese, its appear- 
ance before the blow- 
pipe, 639 

mercury, 784 

■ molybdenum, 760 

nickel, 689 

osmium, 838, 839 

— palladium, 834 


Oxide of phosphorus, 441 

platinum, 826 

potassium, 536 

rhedium, 836 

selenium, 454 

sillcium, 864 

silver, 802 

thorinum, 847 

tin, 674 

tin, native, 674 

titanium, 736, 737 

tungsten, 778 

vanadium, 778 

yttrium, 846 

zinc, 668 

zirconium, 842 

Oxides, metallic, 521 

on fixed oils, 063 

hydrosulpburetted, 629 

Oxiodic acid, 343 
Oxidizement, 33u 
Oxidum manganoso manga^ 
nicum, 633 

Oxyacids salts of, 624, note 

their combinations with 

methylene, 1127 
Oxyclilorate of potassa, 544 
Oxygen hinted at by Hooke, 
89 

Mayow, 89 

Key, 89 

— — Schcele, 89 

Priestley’s right to its 

discovery, 67, note 

absorbed by water, 357 

as unity, 220 

becomes luminous on 

comprc& ion, 329 

derivation of tlie name, 

327 

combustion of charcoal 

in, 470 

diamond in, 467 

iron in, 329, 640 

phosphorus in, 329 

phosphuretted hy- 
drogen in, 451 

— — sulphur in, 329 
from chlorate of potash, 

327 

from oxide of manga- 
nese, 327 

— — of mercury, 327 

— gaseous, never evolved 
when bodies decompose 
water, 358 

permanently elastic, 

328 

sources of, 327 

supports combustion, 

329 

respiration, 329 

its absorption by char- 
coal, 461 

— — melted silver, 

801 


its action on fixed 
,^952 


— — — upon metals, 621 

attraction by metalB, 

order of, 535 

discovery, 63, 327 

emission by plants, 

65, 183, 873j 

^ — sp. gravity, 328 

■ — - — union witli bromine, 
346 


carbon, 464 

chlorine, 334 


cyanogen, 601 

hydrogen, 351, 

353 


• iodine, 341 

— ~ metals, 621 

nitrogen in five 

proportions, 374 et seg, 

phosphorus, 441 

— — selenium, 454 

— sulphur, 419 

-and hydrogen, circum- 
stances under whi^di 


they do not explode, 
415 


— unite by compres- 

hion, 352 

Oxygenated water, how pre- 
pared, 358 

its properties, 360 

Oxyhydrogen blowpipe, no- 
tice of, 350 

jet, 350 

Oxyprussic acid, 5(12 
Oxymuriate of lime, 594 
instrument for its 


analysis, 594 

potash, 542 

■— mercury, 789 

tin, 677 

Oxy-water, 368 
Oysanito, 736 


Paoxnstscher on guaiaCum, 
977> note 

test for copper, 977> »• 

Painters* vamisli, 954 
Pakfong, 694 
Pale balk, 1052 
Palladio-cyanuret of potas- 
sium, 835 

Palladio-perchloride po- 
tassium, 835 

Palladio-protochloride of po- 
tassium, 835 
Palladium, 833 

destroys the colour of 

gold, 836 

— malleable, process fot 
obtaining, 833 

native, 8M 

tests for, 836 

— its alloys, 835 

— — illoy with gold, 836 
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PalladiuHi, its amolgam, 835 
■— — bichloride, 835 
— ^ — binoxide, 834 
— carburet, 835 

chlorides, 835 

cyanuret, 833, 836 

— I hydrated protoxide, 

834 

oxides, 834 

phosphuret, 835 

I^^aration, 834 

protochlofide, 835 

protoxide, 834 

— - salts, their general 

characters, 836 

■ sources, 833 

specific gravity, 834 

Bulphurct, 836 

Palmic acid, 965, note 
Paimine, 965, note 
Palm oil, 967 
Fanobcea Holsatica^ 559 
Panchymagogum minerale, 
786 

Pancreatic juice, 1164 
Pane, electrical, 239 
Paper becomes electrical by 
friction, 223 

made from wood, 920 

Papin’s digester, 163 
Paracelsus, 21 
Paradoxical experiment, 162 
Paraffine, 495, 984 
— — derivation of the name, 
984 

properties of, 984 

Paramaleeates, 1011 
Paramalteic acid, 1011 
Paranaplithalin, 494 
Paratartaric acid, 1065, note 
Parillin, 1047, note 
Paris, Dr., on elatin, 1045 

plaster of, 598 

Parkes on coal-gas, 495 
— tin-plate, 679 

mineral waters, 1211 

Parry, Capt., on low natural 
temperature, 147 
Parsneps, 1051 
Parts of plants, barks, 1052 

woods, 1053 

Paschal on the barometer, 
400 

Pastes, 868 
Pastinaca saHva, 1051 
Patent yellow, 713 
Paul on sulphate of lime, 
598 

Payen on charcoal, 461 

chloride of soda, 674 

— — inulin, 914 
Peacli-bloBsom cobalt, 
Peach-wood, 937 
Pearl-ash, 662 

its purification, 666 


Pearl white, 730 
Pearls, 1192 
Pears, 1061 

Pearsall on manganesic 
acid, 635 

phosphorescence, 200 

Pearson on James’s powder, 
725 

laccic acid, 940 

mineral waters, 1211 

potato starch, 908, note 

Peas, 922, 1056 
Peat, 984 
Pechblende, 732 
Pectate of lime, 896 

potassa, 897 

Pectic acid, 896 
its preparation and pro- 
perties, 897 
Pectin, 896 

Pelletier on carbonate of 
copper, 716 

gold, 815 

iodide of gold, 818 

metallic phosphurcts, 

531 

narccia, 1018 

oxide of gold, 815 

and Caventou on am- 
bergris, 1190 

caffein, 1043 

cinchonine, 1023 

cochineal, 939 

fat, 1189 

iatrophic acid, 955 

— — Peruvian bark, 1052 

quinia, 1026 

strychnia and bru- 

cia, 1032 

— strychnic acid, 1034 

veratria, 1036 

and CoRiOL on oricina, 

1029 

and Majenoib on eme- 

tina, 1040 

ipecacuhana, 1060 

Pellicle in crystallization, 109 
Pelouzb on gallic acid, 931 

hydrocyanic ether,l 108 

oxide of phosphorus, 

441 

salicin, 1041 

tannin, 927 

and Lieko on ethero- 

phosphoric add, 1097 
Pendulum, length of the, 127^ 
1202 

Pentelic marble, 603 
Pepper, black, 1041, 1061 

active principle of, 

1041 

Pbfys on diamonds, 665, n, 

— enamel of teeth, 1192 

sulphuret of iron, 646 

PxPYS’s eudiometer, 409 
gas-holder, 324 


Peracetate of iron, 1118 

mercury, 1123 

tin, 1119 

— ■ — uranium, 734 » 
Perarseuiato of iron, 766 
Perbenzoate of iron, 976 
Perborate of iron, 650 
Perbromide of mercury, 792 
tin, 677 

Percarbonate of cerium, 741 

iron, 651 

mercury, 796 

uranium, 736 

Perchlorate of mercury, 791 

potassa, 644 

Perchloride of antimony, 722 

carbon, 477 

chromium, 773 

• pdd, 816 

iridium, 840 

iron, 642 

manganese, 635 

mercury, 769 

molybdenum, 763 

osmium, 839 

phosphorus, 447 

platinum, 828 

— rhodium, 837 

selenium, 456 

till, 676 

tungsten, 781 

Perchromate of tin, 771 
Percitratc of«iron, 1008 

mercury, 1009 

Percussion pij^duces mag- 
netism, 307 

caps, powder for, 644 

powder, composition of, 

544 

Perfluoride of chromium, 773 

molybdenum, 763 

Perfumed essences, 966 
Periodide of iron, 644 

mercury, 791 

phosphorus, 450 

tin, 677 

Perkins on the compression 
of- water, 357 
Permanent crystals, 109 

ink, 806 

• magnetism, 305 

white, 611 

Permanganic acid, 635 
Permuriato of tin, 677 

iron, 643 

Pemitrate of iron, 644 
— platinum, 830 

mercury, 793 

Peroxalate of iron, 1002 

molybdenum, 1004 

Peroxide of antimony, 721 

iron, anhydrous, 641 

hydrated, 641 

barium, 606 

— bismuth, 729 
calcium, 692 
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Peroxide of oerium, 7^0 

chromium (chromic 

acid), 76B 

cobalt, 684 

gold, 815 

iron, 641 

lead, 712 

manganese, 632 

its singular electro- 
chemical characters, 
63.3, note 

mercury, 785 

molybdenum, 761 

nickel, 689 

osmium, 839 

platinum, 827 

potassium, 538, 541 

rhodium, 236 

silver, 802 

sodium, 572 

strontium, 615 

tin, 675 

hydrated, 675 

titiiuiuin, 7»17 

uranium, 7^3 

Perpetual motions, electrical, 
262 

Perpho8j)hatc of iron, 649^ 

mercury, 798 

uranium, 734 

Perry, 1066 

Personal safety during 
thunder-storm, 250 
Perspiration, 1197 
Persuccinate ^ iron, 981 
Persulphate of cerium, 741 

iron, 648 

and potassa, 649 

mercury, 789, 796 

platinum, 827, 831 

potassa and uranium, 

734 

Persulphocyanuret of iron, 
658 

l*.;sidphuret of antimony, 
724 

arsenic, 755 

molybdenum, 765 

Pertannate of iron, 929 
Pertartrate of iron, 994 
Peruvian bark, active prin- 
ciple of pale, red, and 
yellow, 1023 

bark, varieties of, 1023, 

and note 

■T — barks, 1052 
Petalite, 588, 861 
Petrifying well, 603 
Petroleum, 491, 982 
Pbttbnkofer on Seeale eor- 
nutum, 1062 
Pewter, 719, 727 
Pmfp on caffein, 1044 

salts of rhodium, 837 

Solanum dulcamara^ 
1054 


Pfapf on sulphate of baryta, 
611 

tartrate of manganese, 

994 

— testing for baryta, 61 1 
Pharmacolite, 749 
Pharmacopoeia, London, pre- 
parations of the, viz : 

ammonia suhearhonasy 

476 

argetUi nitrws^ 805 

ferrum mtmornatum, 

643 

hydrargyri nitrico o.xy- 

dum^ 793 

— — oxidum cinereumy 
784 

rubrumy 785 

stUphuretum ni~ 

gruniyy 794 

liqiLOr ammoniay 393 

— acetalisy 1116 

subcarbonatisy 

476 

arsenicalisy 746 

ferri alkaliniyy 644 

plumH subacetatisy 

1122 

potassay 540 

milk of sulphur, 419 

muriatic acid, 364 

nitric acid, 382 

potassa /may 539 

potassa stUphaSy 558 

precipitated sulphur, 

419 

pulvis antimonialisy 726 

rectified spirit, 1072 

soda tartarizatay 993 

subcarboiiate of soda, 

585 

potash, 562 

Phenicin, 945 
Phial, Leyden, 239 
Philip, Dr. W., on galva- 
nism, 259, note 
Phillips, R. on ammonia 
subcarbonasy 476 

on baryta-water, 606 

carbonate of copper, 

706 

chloride of barium, 607 

dichloride of carbon, 

478 

ether, 1081 

liquor ammoniay 393 

magnesia and lime, 629 

mineral waters, 1211 

muriatic acid, 364 

sesquisulphate of po- 
tassa, 559 

scsquicarbonate of 

soda, 586 

solution of lime, 592 

strontia, 615 

sulphate of nickel, 691 


1887 

Phillips, B., on testing for 
iron, 1206 

variegated copper, 702 

verdigris, 1120 

W., on the goniome- 
ter, 116 

Philosophers* oil, 952 

stone, 13 

wool, 668 

Philosophy, chemical, Fa- 
thers of, 

Phlogisticated 371 

sulphuric acid, 419 

Phlogiston, 33, 330 
Plioecnate of baryta, 1188 

lead, 1188 

potassa, 1188 

soda, 1188 

strontia, 1188 

Phocenic acid, 1187 
Pliocenine, 1188 
Phosgene gas, 466 

derivation of the term, 

466 

Phosphate of alumina, 853 

— and lithui, 853 

ammonia, 446 

renders fabrics in- 
combustible, 446 

and magnesia, 625 

of antimony, 725 

baryta, 612 

bismuth, 731 

catlmiuin, 682 

chromium, 775 

cobalt, 687 

coi)per, 795 

— — native, 795 

glucina, 842 

lead, 717 

lime, 600 

in calculi, 1177 

eggs, 1189, note 

shell and bone, 

1192 

native, 601 

of litiiia, 590 

— 7 — magnesia, 626 

crystallized, 626 

manganese, 638 

mercury, 796 

nickel, 691 

potassa, 660 

qiiinia, 1029 

silver, 809 

soda, 582 

a test of magnesia^ 

626 

and ammonia, a flux 

for the blowpipe, 520, 
note 

of strontia, 618 

titanium, 738 

yttria, 845, 846 

zinc, 672 

zirconia, 845 
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PhoBph{|,tcs^ 444 

metallic, 531 

— - isomeric, varieties 

of, 531, note 

neutral, 444 

Pliospliatic acid, 433 
Phosphite of baryta, 612 

cobalt, 687 

lead, 717 

lime, 600 

manj||iiesc, 638 

merOTTy, 706 

nickel, 691 

potassa, 560 

silver, 809 , 

soda, 582 

stroiitia, 618 

tin, 679 

zinc, 672 

Phosphites, metallic, 1)31 
Phosphorana, 447, note 
Phosphoraiie, 447, note 
Phosphorescence of calomel, 
788 

chlorophane, 596 

nitrate of lime, 597 

I'hosphoi'cscent light, 197 
Phosphori, 197, 596 

— vegetable, 201 
Phosphoric acid, 441, 443 

anhydrous, 443 

glacial, 444, 602 

hydrated, 444 

— its action on metals, 
531 

— — distinction from all 
other acids, 444 

preparation, 443 

and note 

Phosphoric match-boxes, 441 
Phosphorite,^! 

Phosphorus, 437 

discovered by Brandt, 

437 

made by Godfrey Hauc- 

kwitz, 437 

carbonates decomposed 

by at high tempera- 
tures, 474 

cautions regarding the 

handling of, 440 
decomposes water un- 
der the influence of 
light, 439 

— derivation of the term, 

437 

hydrogen found in, 452' 

glass of, 438 

inflames by friction, 

440 

metals precipitated by, 

531 

its acid compounds, 441 

acidification by ni- 
tric acid, 443 and note, 
444 
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Phosphorus, its acidification 
by oxygen, 443 

action on metals, 

530 

ammonio-sosquichlo- 

ride, 449 

its ammpniuret, 452 

bromide, 448 

chloride, action of 

ammonia on, 448 

colour affected by 

violet light, 439 

combustion in clilo- 

rine, 333 

combustion in oxy- 
gen, 329 

in vacuo, 440 

with nitre, 551 

crystals, 439 

detonation with 

chlorate of potassa, 
543 

— discovery, details 

of, 437 

eudiometrical uses, 

409 

fiame, 415 

liydrogurct, 450 

infianunability, 440 

iodide, 449 

— luminosity, 440 

medicinal uses, 439 

oxide, 441 

I preparation, 437 

— on the* large 

scale, 438 

perbromidc, 448 

perchloride, 447 

— — periodide, 450 
poisonous imture, 

439 

presence in the 

brain, 1191 

properties, 439 

protobroinide, 448 

— protochloride, 447 

purification, 439 

1 — sesquibromide, '448 

sesquichloride, 447 

sesquihydroguret, 

451 

sesquiodide, 449 

— slow combustion, 

440 

solution in alcohol, 

1078 

ether, 1086 

fixed oils, 953 

specific gravity, 439 

union with bromine, 

448 

carbon, 510 

chlorine, 446 

hydrogen, 450 

iodine, 449 

metals, 530 


Phosphorus, its union with 
oxygen, 441 

selenium, 458 

^ sulphur, 452 

— use in eudiometry, 

410 

vapour, 439 

spi gr. of, 439 

Baldwin’s, 597 

Bolognion, 611 

Homberg’s, 593 

acid, 441 

hydrated, 451 

Phosphovinic acid, 1097 
Phosphuret of aluminuni,853 

’ammonia, 462 

antimony, 726 

; arsenic, 767 

^ barium, 441, 612 

bismuth, 7511 

cadmium, 682 

calcium, 600 

carbon, 439, 610 

cerium, 741 

chromium, 770 

cobalt, 687 

I copper, 7O6 

I -1— gold, 818 

iron, 649 

I lead, 717 

lime, 450 

' — magnesiyim, 626 

manganese, 638 

mercury, 796 

j nickel, C91 

nitrogen, 449 

palladium, 835 

platinum, 831 

potassium, 659 

selenium, 458 

silicium, 858 

silver, 809 

sodium, 682 

strontium, 618 

sulphur, 462 

tin, 679 

titanium, 738 

tungsten, 781 

uranium, 7514 

vanadium, 776 

zinc, 672 

Phosphurcts, metallic, 530 
Phosphurettedhydrogcn,450, 

COO 

flashes in a good 

vacuum, 415 

its analogy to a sii- 

lifiablc base, 462, note 

combustion in 

chlorine, 461 

combustion in 

oxygen, 451 

rarefied air, 

451 

^ — preparation, 450 

specific gr., 451 



Phospliurctted hydrogen, its 
spontaneous comhiia- 
tion, 450 

Physica Subterranea, 33, and 
note 

Physical characters of metals, 
617 

Physiological effects of elec- 
tricity, 298 
Picamar, 986, 987 

its combination with 

bases, 988 
Picroglycion, 1054 
Picroincl, 1160 
Picrotoxia, 1038 
its preparation and pro- 
perty, 1038 

PxcTET on a photometer, 191, 
note • 

Piedmontese rice, 1060 
Pile, thcrmo-clcctric, 303 

— Volta’s, 93, 264 

— Zainboni’a, 260 
P'llula hydraryyri, 785 
Pimento, oil of, 971 
Pinate of aminoniu, 978 

copper, 978 

potassa, 978 

soda, 978 

Pinchbeck, 769 

Pinic acid, 978 
Pinit, 861 • 

Pink colour of mangancsic 
solutions, 634, note 
Pinus silvestri^, 1052 
Pipe-clay, 861, note 
Piper cubehtiy 1061 

nigrum^ 1041, 1061 

Pipeririy 1041 
Pisolite, 604 
Pisum sativumy 1056 
Pitch, mineral, 982 
Pitchstoiic, 856, note 
Pit-coal, 982 

Pith-balls useful in electrical 
experiments, 227, 237 
Pith of palms, 908, note 
Pittical, derivation of the 
name, 988 

; its properties, 988 

Planchk on ether, 1086 
Planes of cleavage, 114 
Planetary bodies, metals 
named after, 515 
Phuits, aquatic, 875 

ashes of, contain alkali, 

663 

emission of oxygen by, 

65, 183, 876 

imbibe air, 65 

parts of, 1049 

■ — - radiate heat, 202 

■ roots of, 1049 

" saline and earthy mat- 
ters contained in, 879 
— their alburnum, 871 
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Plants, their bark, 871 
composition, 879 

— — cellidar tissue, 871 , 
cuticle, 872 

epidermis, 871 

flowers, 873, 1067 

— action of, on the 

atmosphere, 877 

fruits, action of on 

the atmosphere, 877 

and seeds, 1068 

functions, 869 

growth, 869 

leaves, 873, 874, 

1056 

action of on tho 

atmosphere, 875 

Ubevy 871 

milky juices, 917 

— nourishment, 873 

— proximate elements, 

879 

putrefaction, 918 

roots, 873 

sap, 873, and note 

ibid. 

circulation of, 874 

siliceous epidermis, 

872 

spongioles, 873 

structure, 869 

tubes, 873 

ultimate elements, 

878, 879 
Plaster|^59 

of Paris, 598 

its uses, 598 

stone, 598 

Platii, electrical macbme,233 

glass, 867 

iiuichmc, electrical, 233 

Plated articles, separation of 
silver from, 808 
Plates, large voltaic, 270 
Plating with silver, 812 
Platiiuito of baryta, 829 
Plutino-bicliloridc of ammo- 
nia, 828 

barium, 829 

potassium, 829 

— sodium, 829 

chloride of calcium, 830 

silver, 830 

strontium, 830 

chlorides, 828 

protochloride of potas- 
sium, 828 
Platinum, 821 

clean surfaces of, 353, 

826 

crucibles, fuel for heat- 
ing, 833 

oudiometrical balls, 353 

fulminating, 827) 831 

malleable process for 

obtaining, 822 
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Platinum, pure, 821 

spongy, 826 

vessels of, how cleansed, 

825, note 

precautions regard- 
ing their use, 833 

wire, tenacity of, 826 

its absorption of silicon, 

833 

action upon hydro- 
gen, 353 

alloy witn cobalt, 832 

gold, 832 

siliciuin, 859 

silvfir, 832 

steel, 832 

alloys with metals, 

832 

— amalgam, 832 

ammunio-muriatc, 

828 

attraction for hydro- 
gen, 353 

bisiilpliurct, 830 

black oxide, 82f> 

brittleness, cause ot , 

833 

chlorides, 827 

— — — combinatiouB how 
recognised, 833 

eyanuret, 831 

with, potassium, 

831 

fusibility increased 

by other metals, 832 
gold-coloured alloy, 

832 

nitrates, 830 

oxides, 826 

pcrcliloridc, 828 

perni^c, 830 

peroxide, 827 

persulphate, 827, 831 

phosphuret, 831 

protochloridc, 827 

protonitrate, 830 

protosulpliate, 830 

protosulphuret, 830 

protoxide, 827 

salts, their general 

characters, 833 

sesquioxidc, 827 

sources, 821 

sp. gr., 822, 826 

Buboxido, 826 

sulphates, 831 

sulphocyanuret, 832 

Bulphurets, 830 

welding, 832 

Plisson on iodide of arsenic, 
762 

Plumbago, 650 

a form of carbon, 463 

its composition, 463 

— I- crucibles, 863 
— - pots, 863 
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Plumbers* solder, 719 
Plumbum comeum, 713 
Plumula of seeds, 869 
Pneumatic apparatus, 323 

chemistry founded, 47 

improved, 63 

Poetry, alchymical, 9, 16 
Points, metallic, attract elec- 
tricity, 253 
Poison for flics, 1054 
Poisoning by arsenic, tests 
for, 768 

treatment of, 745 

by oxalic acid, antidote 

for, 998, note 

Poisonous nature of alcohol, 
1071 

-* — of arsenic, 758 

arsenuretted hydrogen, 

753 

baryta, 606 

bromine, 345 

carbonate of baryta, 

613 

carbonic acid, 471 

chlorine, 332 

copper, 710 

corrosive sublimate, 

1142 

lead, 711 

mercury, 800 

prussic acid, 505 

selcniurettod hydrogen, 

413, 457 

— sulphuretted hydrogen, 
434 

— till, 674 

vegeto-alkalicB, 1015 

et seq. 

Polar arrangement of electri- 
cal cooliiictors, 226 
. — chemical decompositions 
effected by electricity, 
296. 

Polarity, electrical, 238 

electro-magnetic, 311 

ma^ietic, 185 

Polarization of light, 179 
Poles, voltaic, termed anode 
and cathode, 268 
Poling of copper, 702 
Polished meti^ are imperfect 
radiators and receivers 
of heat, 516 

Pollen of flowers, vegeto-ani- 
mal principle of, 918 
Pollenin, 918 

Polychrest salt, Glaser’s, 551 
Polychroite, 942 
Polygala senegUy 1051 
Polygonum hydropipety 1054 
Polyhedral solids, 107 
Pomegranate rind, 1061 
PompholiXy 668 
Poppy oil, 954 
PopuUn, 1041 


Porcelain clay, 861, note 

continental, 862 

English, 862 

gilding, 821 

manufacture of, 861 

oriental, 862 

painting, colours for, 862 

Porcellaneous shells, 1191 
PoRRBTT oncyanurct of mer- 
cury, 797 

on ferrochyazic acid, 654 

sulphuretted chyazic 

acid, 507 

Wilson, and Kirk, 

Messrs., ' iiive8tig.ato 
chloride of nitrogeii,390 
Porter, 1064 
Portland stone, 604 
Positive electricity, 224 
Potash, 562 

alum, 851 

its commercial value 

ascertained, 564 

mari.ate, 541 

oxymuriate, 542 

and soda, decomposed, 

93 

Potassa, 538 

anhydrous, 538 

caustic, 539 

solution, how tested 

for impurities, 540, mte 

its preparation, 539 

chloride of platinum a 

test for, 573 # 

dry, 538 

fusa, 539 

pure, sources of, 568 

— tartaric acid a test of, 
992 

test for, 573 , 851 

— its acetate, 1116 
ammonio-oxalate, 

1000 

ammonio-sulphatc, 

559 

antimoniate, 722 

antimonite, 721 

aqueous solutions, 

strength of, 541 

argento-cyanate,811 

^ arseniate, 748 

— arsenite, 746 

benzoate, 976 

— bicarbonate, 567 

bicliromate, 770 

bimargarate, 963 

— bimolybdate, 762 

binarseniatc, 748 

biniodate, 547 

binoleate, 964 

binoxalate, 1000 

biphosphate, 561 

biselenite, 561 

— bisilicate, 859 

bisolphate, 558 


Potassa, its bistearate, 961 

bitartrate, 571, 989, 

991 

borate, 570 

bromate, 547 

butyrate, 1 153 

caproate, 1 154 

carbazotate, 948 

carbonate, 662 

caustic solution ab- 
sorbs carbonic acid, 540 

acts on glass, 540 

ceruleo-siilphate,945 

chlorate, 542 

chromate, 767, 769 

chromo-sulphate, 

775 

citrate, 1007 

^ — coliimbate, 763 

croconate, 537, note 

cyanatc, 501, 569 

decomposition by 

electricity, 93 

deliquescence, 572 

diboratc, 570 

diphosphate, 560 

distinction from 

soda, 572 

ferrocyanate, 661 

used as a test, 653 

fonniate, 1012, 1013 

^ — fulminate, 811 

hircKte, 1187 

hydrate, 638, 639 

— — allcaline, 539 

crystallized, 640 

— — sources of, 539, 

640, note 

hydriodatc, 646 

hydrocyanate, 568 

hydrosulphuret, 555 

hyponitritc, 380,551 

hypophosphite, 560 

hyposulphate, 557 

hyposulphite, 657 

with silver, 808* 

indigotate, 950 

iodate, 646 

isomorphous salts, 

561 

manganesoatc, 634, 

mte 

margarate, 963 

mctagallate, 933 

metallic base, 635 

molybdate, 762 

— nitrate, 648 

nitro-tungstate, 760 

oleate, 964 

oxalate, 1000 

withcopper,1003 

oxalvinate, 1101 

oxychloratc, 544 

— « pectate, 897 

perchlorate, 544 

•^phocenate, 1188 
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Fotassa, its phosphate, 560 

— phosphite, 660 

pinate, 978 

prussiate, 661 

used as a test, 653 

purpurate, 1172 

quadrioxaiate, 1000 

quadriselenite, t561 

quadristearate, 961 

— sebate, 1186, mie 

— seleiiiate, 561 

selenite, 661 

—% Bcsquicarbonate,568 

sesquisulpl'.ate, 559 

silicate, 854, 859 

with lime, 660, 

silvate, 978 

solution, use of in 

organic analysis, 065 

stearate, 960, 961 

succinate, 980 

sulphate, 658 

with alumina, 85 1 

— cerium, 741 

chromium, 774 

copper, 705 

nickel, 691 

yttria, 846 

sulphite, 657 

with copper, 703 

^ sulphovinate, 1096 

supersulphate, 558o 

supertartrate, 989, 

991 

strycl^te, 1035 

tauuate, 929 

tartrate, 991 

with auimonia, 

992 

copper, 996 

iron, 995 

lead, 995 

lime, 994 

mercury, 997 

silver, 997 

soda, 993 

till, 995 

tellurate, 743 

teriodate, 547 

titaniate, 738 

tungstate, 780 

— — ulniate, 924 

urate, 1171 

Potassa-chloride of uranium, 

734 

^rsulphate of uranium, 

sulphate of chromium, 

of cobalt, 687 [774 

— zirconia, 844 

pQitQAm HguoTy 640 

■ its sp. gr., 640 

tested, 540, note 

PotasscB eulpluuy 558 
Potassium, 535 
discovered by Dayy>535 


Potasdum, protoxide anhy* 
drous, 538 

— hydrated, 639 

its action on ammonia, 

. 654 

alloy with iron, 658 

sodium, 587 

tin, 679 

zinc, 673 

alumino-iluorides, 

850 

amalgam, 709 

argento-cyanuret, 

809 

arsenio-protosul- 

phurct, 756 

bichromate of chlo- 
ride of, 770 

bisul]>huret, 556 

borofluoride, 570 

boruret, 570 

bromide, 344, 647 

carburet, 561 

chloride, 541 

cobalto-cyanurct, 

687 

combustion in car- 
bonic acid g.‘U9, 474 

muriatic acid gas, 

361 

cuprocyanuret, 7^7 

cuprodicyaiiurot,707 

— cyonuret, 568 

with platinum, 

83 ; 

ferrocyaiiurot, 651 

ferroscsquieyaiiuret, 

655 

a test of iron, 666 

fluoride, 371, 547 

with zirconium, 

844 [538 

general characters, 

hydrosulphuret, 556 

hydruret, 648 

iodide, 646 

ioduretted iodide, 

546 

molybdotersulphu- 

ret, 764 

oxide, 638 

palladiocyajiuret, 

835 

perchloride, 835 

peroxide, 638, 641 

— phosphuret, 669 

platino-bichloride, 

829 

protochloride, 828 

■ ■ ■ — preparation, 535 

— . — by the action of 

heat on potassa and 
iron, 535 

> — — carbonate 

of potassa imd char- 
coal, 537 
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Potassium, its preparation by 
voltaic electricity, 536 

— protochloride, 835 

: protoxide, 538 

salts, tests for, 570 

their general cha- 
racters, 570 

seleniocyanuret, 670 

seleniuret, 661 

silico-iluoride, 867, 

858 

sp. gr. 538 

sub-oxide, 538 

sulphoeyaiiuret, 569 

Kulplmi salts, 566 

siilphuret, 655 

titaiio-tluori(U*, 738 

— zincocyanuret, 673 

Potassiuretted hydrogen, 648 
Potasso-cliloridc of niag- 
nesiuin, 622 

fluoride of columbium, 

782 

zirconium, 844 

• phosphate of soda, 584 

sulphate of manganese, 

638 

Potatoes, 908, note^ 1051 
Potaio-stareh, 908, note 

hygromctric property 

of, 915, note 
Pot-metal, 719 
Potters’-clay, {>61, note 
Pottery, baking of, 862 

blue patterns of, 862 

crucibles of, 862 

glazing of, 862 

mauulucture of, 861 

seggars for, 862 

Pounxa, 567 

Powder, fulminating, 552 

of projection, 10 

Powdered tin, 674 
PoiJTisT on olive-oil, 955 
Practical application of tho 
atomic theory, 220 
Prase, (155, note 
Precipitated sulphur, 419 
Precipitates, coloured, of 
metals, 530, 653, 656, 
930 

Predpitatum per w, 785 
Prehnite, 861 

Preservation of crystals, 109 
Pressure affects ebullition, 

163 

atmospheric, table of, 

401 

Priestley, Dr., 62 

on air, 63, 413 

ammonia, 66 

eudiometry, 63 

fixed air, 63 

muriatic acid, 66, 362 

nitrous air, 67 

oxide, 374 
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Priestley, Dr., on oxygen, 
63, 67, note 

pneumatic apparatus, 

66, 68 

sulphurous acid, 66 

— vegetation, 68 

vitriolic acid air, 66 

Primitive form of crystals,! 18 

diamond, 468 

marble, 603 

Prince Rupert’s drops, 866 

metal, 709 

Pringle, Sir John, 68 
Printers’ ink, basis of, 954 

varnish, 954 

Prism, 181 

of spar, 115 

Pruducts of combustion, 205, 
207 

Proof-spirit, indefinite mean- 
ing of the term, 1074, 
note 

suggestions for a stand- 
ard of, 1074 
Proofs (glass), 866 
Progressive motion of light, 
174 

Protacctate of iron, 1118 

mercury, 1123 

tin, 1119 

Protarseniate of iron, 750 

hydrated, 750 

Protectors for copper-sheath- 
ing, 260, 282 

— ships’ bottoms, 282 
Protethionic acid, 1097 
Protiodidc of carbon, 479 

— iron, 643 

mercury, 791 

molybdenum, 763 

Protoborate of iron, 658 
Protobromide of carbon, 480 
iron, 644 

mercury, 792 

tin, 677 

Protocarbonate of ccrium,741 

iron, 650 

native, 660 

mercury, 796 

Protocarburet of iutrogen,501 
Protochloratc of mercury, 79 1 
Protochloride of antimony, 

722 

carbon, 478 

cerium, 740 

gold, 816 

iron, 642 

iridium, 840 

manganese, 635 

mercury, 766, 788 

molybdenum, 763 

osimum, 839 

polladimn, 836 

platinum^ 827 

phosphorus, 447 

tin, 676 


Protocitrate of mercury, 1009 
Protocyanuret of iron, orfer- 
rocyanogen, 651 
Protofluoride of molybde- 
num, 763 

Protohydrate of methylene, 
1126 

Protomuriate of iron, 642 

tin, 676 

Frotonitrate of iron, 644 

manganese, 636 

mercury, 792 

platinum, 830 

Protophosphate of cerium, 
741 

iron, 649 

native, 649 

mercury, 796 

Protosuccinate of iron, 981 
Protosulphate of cerium, 741 

and potassa, 741 

iron, 647 

and ammonia, 648 

and potassa, 648 

manganese, 636 

mercury, 795 

platinum, 830 

uranium, 734 

Protosulphite of iron, 646 
Protosulphocyanuret of iron, 
658 

Protosulphuret of arseuic,7 54 

iron, 645 

mercury, 794 

platinum, 830 

tin, 678 

Protutartrate of iron, 994 
Protoxalate of iron, 1002 

mercury, 1004 

molybdenum, 1004 

Protoxide of antimony, 721 

barium, 606 

bismuth, 729 

cadmium, 681 

calcium, 691 

camphogen, 968 

carbon, 466 

cerium, 739 

hydrated, 740 

chromium, 766 

cobalt, 684 

copper, 698 

gold, 814 

iron, 640 

hydrated, 640 

of lead, 711 

lithium, 588 

manganese, 631 

mercury, 784 

molybdenum, 760 

nickel, 689 

osmium, 838 

palladium, 834 

platinum^ 827 

potasaum, 538 

rhodium, 836 


Protoxide of sodium, 571 

strontium, 615 

tin, 674 

titanium, 737 

uranium, 733 

vanadium, 776 

zinc, 668 

hydrated, 669 

Proust on antimony, 721, et 
seq, 

arsenic acid, 747 

arsenious acid, 746 

barley and malt, 911 

granular sugar, 905 

oxide of lead, 712 

mercury, 786 

tin, 675 

Bubuitrate of copper, 

•701 

sulphate of cobalt, 686 

sulphurct of lead, 715 

iron, 645 

tarnished silver, 801 

Prout on acetic acid, 1109 

egg-albumen, 1138 

eggs, 1189, note 

gastric juice, 1164 

lignin, 921 

— — organic analysis, 883, 

886 , 887 

purpuric acid, 1172 

— sap, 873 ^ note 

selenium in air, 413 

sp. gr. of atniespheric 

air, 403 . 

sp. gr. of liydrogen, 348 

starcli, 913 

sugar, 904, note, 913, /». 

I ultimate anal) sis ef 

wood, 926 

urea, 1169 

urine, 1168 

wood-flour, 920 

Proximate elements of animal 
matters, 1131 

vegetable matters, 

881 

Prunus cerasus, 877, 1091 
— species of, contain prus- 
sic acid, 505 
Prussian blue, 656 

native, 649 

soluble, 658 

uses of, in dyeing and 

calico-printing, 935, n. 
its proximate and ulti- 
mate elements, 657 
Prussiate of potassa, 651 

used as a test, 653 

Prussic acid, 504 
Prussine, 499 

PterocarptM eanJtcAinus, 1054 
Puddling, process of, 664 
Pullna water, 1214 
Puhie antimomdiiy 72^ 
Pumice, 856, mte 
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Punica pranatum, 1061 
purification of dbal-gos a 
subject of impor^ce, 
496, note 

nitre, 649 

pc^ctrl-ash, 506 

Purifiers in gas-works, 495 
Purple powder of Cassius, 
677, 817 

quartz, 855, note 

Purpurate of ammonia, 1172 

baryta, 1172 

’ lime, 1172 

magnesia, 1172 

potiissa, 1172 

soda, 1172 

Purpuric acid, II 7 I 
Pus, 1166 

Putrefaction, animal, retard- 
ed by various agents, 
1138^ and 

Putrefactive fermentation. 
1129 

Putty, tin, 075 
Pyrites, copper, 762 

iron, 645 

magnetic, 645 

Pyrmont water, 1214 
Pyro-acetic ether, 1124 
— spirit, 1116, 1124 
Pyro-citric acid, 898, 1009 
Pyro-electricity, 301 
Pyrogallates, 933 
Pyrogallic acid, 932 
Pyroligneous €icid, 25, 1113 

manufacture of, 1113 

produce of, from woods, 

1113, and note 

purification of, 1114 

Pyroligneous spirit, 1125 
Pyromalic acid, 101 1 
Pyromeconate of lend, 1023 
Pyromcconic acid, 898, 1023 
Pyrometer, Daniell’s, 140 

Wedgwood’s, 140 

Pyromucates, 898 
Pyromucic acid, 898 

isomeric with two other 

acids, 898 

Pyrophoric antimony, 996 

carburet of lead, 711, 

718, 719 

copper, 1119 

lead, 711 

Pyrophorus, Gay Lussac’s, 
668, 679 

Gobel’s, 995 

Homberg’s, 28, 82, 862 

alum, 852 

sulphate of potcuasa, 668 

soda, 679 

tartrate of lead, 995 
Pyrophosphate of ulver, 446, 
583, 809 
^ soda, 683 
1 ^phosphates, 44S 


Pyrophosphoric acid, 445 
Pyrorthite, 845 
Pyrotartaric acid, 990 
Pywtartrates, 990 
Pyrotcchny, nitrate of stron- 
tin .used in, 616 
Pyro-uric acid, 1170 
Pyroxene, 860 

crystals resembling, 

660, note 

Pyroxylic spirit, 920, 1109, 
1125 

Pyrus communis and malua^ 
1061 

Quaas, or Russian beer, 1064 
Quadrant, electrometer, 240 ' 
Quadrihydrate of indigo, 946 
Quadrihydrocarbon, 490 | 

Quadriliydrocaiburet, 489 j 
Quadripliospliate of lime, 601 
Quadrisoleiiite of potassa, ‘ 
561 

soda, s'?82 

Quadriselenites, 455 
Quadristearate of potassa, 
961 

Quadrosulphuret of moly- 
bdenum, 765 

Quadrocarburetted bydronien, 
490 

Quadroxalate of potassa, 
1000 

Quantity of electricity, 265 

heat in bodies. 147 

Quartz, its varieties, 865, n, 
Qwtssia exccha, 1054 

simarouba, 1053 

i Quatcr-hydrated hyposul- 
I phatc of baryta, 610 
Quercitanus, 22 
Quercitron bark, 941 
Quercus robur, 1053 
Quick-lime, 473, 591, 604 
Quicksilver, 784 
Quince seed, 896 
Quiula, 1023 

action of various re- 
agents on, 1026 

anhydrous, 1026 

its acetate, 1029 

arseniate, 1029 

chlorate, 1029 

— — — disulphate, 1027 

gallate, 1029 

hydrate, 1026 

iodate, 1029 

muriate, 1028 

nitrate, 1029 

— oxalate, 1029 

— phosphate, 1029 

sources and proper- 
ties, 1026 

sulphate^ 1026j notCj 

1027 

— tannatc, 1029 


Qulnia, its tartrate, 1029 
Quinates, or cinclionates, 
1031 

Rabid animals, bite of treated 
with nitric acid, 387 
Racemate of lead, 1065, note 
Racemic acid, 1062, 1065, ft. 
Radical vinegar, 1114 
Radicle of setods^ 869 
Radiant beat, see Heat 
Radiated cclestine, 618 
Radiation, mirrors for, 188 
Radiators, tabic of, 194 
Rag^4, sugar obtained from, 
910, note 
Rain-water, 355 
Raisins, cause of their keep- 
ing, 1066, note 
Ranunculus^ 1054 
Rape oil, 956 

Rapidity of the passage of 
electricity, 227 
Rarefaction, ■ influence of on 
combustion, 414 
— on the union of gase- 
ous bodies, 353, 361 
Rarcfled air, combustion in, 
414 

Raspail on albumen, 1140. 
mfe 

oxala^’c of lime, 1001 

starch, 909, note 

Raw sugar, 899 
Ray, electrical, 2.38 

— of light, 174 
Raymond Lully, discovers 

alcohol, 1070 

Rays of light, calorific, 186 

chemical, 184 

colorific, 182 

elementary, 182 

Realgar, 754 
Receivers of heat, 193 
Recipient, Italian, for vola- 
tile oils, 965 
Rectified spirit, 1072 
Red antimony, 725 

— bark, 1052 

— fire, its composition, 616 

— flame, 605, 615 

— globules of the blood, 

^ 1136 

— ink, recipe for, 937 

— lead, 712 

— lotion, 790 

— ray of light, its heating 

power, 186 

— rose-leaves, 1058 

— sulphuret of arsenic, 754 

— wines, 1070 

— vegetable, 936 

— alkanot, 938 

— archil, 938 

— Brazil wood, 937 

— chica, 939 
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Bed logwood, 937 

— madder, 936 

— safflower, 936 

— sandal, 938 
Beduction of metals, 622 

the ores of copper, 702 

iron, 659 

lead, 710 

silver, 801 

zinc, 672 

Bcfining sugar, see Sugar- 
refining, 

Beflection of heat, 187 

light, 178 

Befraction, ordinary of light, 
175, 179 

extraordinary, of light, 

179 

(purification) of salt- 
petre, 548 

Befractive power of dia- 
monds, 176, 459 

liquid carbonic acid, 

470 

various substances, 177 

— (double) of carbouate 
of lime, 178 

— t^piosulphite of 

strontia, 617 

sulphur, 417 

Befrangibility of light, 182 
Begenorated sea-salt, 542 
Begularity of crystalline 
form, 109 

Beichbnbach on capnomor, 
988 

cupion, 985 

kreosote, 985 

paraffine, 495, 984 

picamar, 987 

pittacal, 988 

Bennie on expansion of cast- 
iron by heat, 127 
Bepulsion, electrical, 222 

magnetic, 306 

Besin gas, 496 
Besins, action of various re- 
agents on, 977 

— basis of varnishes, 978 

— general characters of, 977 

— gum, 977> fMte 

— non-conductors of electri- 

• city, 977 

— solubility of in alcohol, 

977 

— sp. gr. of, 977 
Bespiration, 1197 

deteriorates air, 66 

produces carbonic acid, 

473 

of fishes, 1198 

ve^table, 876 

Betardationof electricity, 298 
Rete mucosumy 1180 
discoloration of by ni- 
trate of silver, 806 


Betention of heat by cloth- 
ing, 143 

Betinasphaltum, 982 
Betort tube for oxygen, 328 
Betorts for coal-gns, 495 
vitrifiablc lute for coat- 
ing, 438 

Beussou pomegranates, 1061 
Rev on calcination, 31 
Rhabarbarin, 1046 
Rhaponticin, 1046 
Bhatany root, 1050 
Bhcin, 1046 
Rheum palmatumy 1051 
Rhodio-chlorides, 837 
Rhodium, 836 

its alloys, 837 

alloy with lead, 836 

steel, 837 

its chloride, 837 

name, derivation of, 

836, 837 

oxides, 836 

])erchloride, 837 

— peroxide, 836 

preparation, 836 

properties, 836 

— — — protoxide, 836 
rose-coloured chlo- 
ride, 836, 837 

salts, their general 

characters, 837 

sources, 836 

— — — sp. gr., 836 

sulphuret, 837 

Rhombic phosphate, 582 

spar, double refraction 

of, 178 

Rhubarb root, 925, 1046, 1051 

active principle of, 1046 

analyses of, 1046 

Rhtts, 1054 

— radicans, 1056 

— toxicodendron, 1056 

— vemix, 1056 
Ribes grossularia, 1061 
Rice, 1060 

Richman, Prof., his death by 
atmospherical electri- 
city, 249 

Richter on attraction, 40 

on acetate of potassa, 

1117 

nickel, 689 

nitrate of magnesia, 622 

strontia, 616 

oxide of le^, 712 

solutions of carbonate 

of potassa, 562 

the atomic theory, 40 

Bicinic acid, 955, 965, note 
Ricinus communis, 1061 
Riffault on ammonio-phos- 
phate of nu^esia, 627 

phosphate of magnesia, 

625 


Ringing trees, 50 
Ripley, George, a poet and 
a philosopher, 8 
Ritchie on alcohol, 1079, 7u 
Ritchie's galvanometer, 311 
Ritter on chemical power of 
solar rays, 185 
Rive, M. de la, on the con- 
ducting powers of bro- 
mine and water, 345, n. 

his circular magnetic 

coil, 313 

Rive and Marcet on specific 
heat, 150 
River water, 355 
Roasting of iron-ores, 659 
Robiqubt on codeia, 1018 

, liquorice-root, 1050 

Robison, his notice of Dr. 

Black, 53, n 
Rocella, 938 

Rocellate of lime, 965, note 
Rocellates, 965, note 
Roccllic acid, 965, note 
Rochelle salt, 993 
Rock crystal, 855, note 

— salt, 573 
Roemer on light, 174 
Roe of fish, 1189, note 
Roestone, 604 
R;OGbr Bacon, 6 

Roubt, Dr., on nitrous oxide, 
375 

his clectro-magnotic 

cross, 303 
Roll sulphur, 418 
Roots of plants, 873, 1049 
Roman vitriol, 703 
Romas, M. de his electrical 
kite, 249 

on electricity, 249 

Bomb de Lisle on crystals, 
113 

Rosacic acid, 1172 
Rosagallica, 1058 
Rose on ammonio-chloride of 
phosphorus, 448 

— on antimony, 728 

— chloride of antimony, 722 

— hypopliD8phorouBacid,441 

— inulin, 914 

— oxide of mercury, 700 

— phosphite of tin, 679 

— phosphuret of nitrogen, 

449 

— .phosphuretted hydrogen, 

452, note 

— - pyrotartaric acid, 990 

— scleniuret of lead, 719 

— silvic acid, 978 

— sulphuret of bismuth, 731 

nickel, 600 

— tBPtrateofinaiiganese,994 

I — titanium, 737 
I — and Berzelius on sulphu- 
1 ret of chromium, 77^ 
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Rose-colour of chloride of 
rhodium, 836; 837 

— cut diamond, 459 
— - leaves, 1058 

— quartz, 855 
Rosin, bhick, 978 

— white, 978 

— of copper, 699 
Rotation, Faraday's electro- 
' magnetic, 310 
Rotuoff on cobalt, 684 
nickel, 689 

-s sulphate of cobalt, 686 

Rouge, 937 
Rough nitre, 548 

— soda, 681 

Rousseau on the bad electri- 
cal conducting power of 
olive-oil, 956 * 

Roy on expansion by lieat, 
126, 126 

Royal Institution battery,269 
Royer on indigo, 946 
RuUa tinctorumy 936, 1061 
Ruby, 860 

— copper, 698 

— silver ore, 807 
Ruoberu on alcohol, 1073 
Rules for correcting the vo- 
lumes of gases, 404, n. 

RuM]<'ORn, Count, on con- 
ducting-power, 143 * 

the explosive force of 

gunpowder, 554 
Runge on ca^Bpin, 1044 

vcrdic acid, 1014 

Runge's test of nitric acid, 
387 

Rupert’s drops, 866 
Rutherford, Dr., on nitro- 
gon, 371 

registering thermome- 
ter, 140 
Rutilite, 736 
Rye, 922, 1062 

— ergot of, 1062 

Sabadilline, 1036 
Saccharometer, 1064 
Safety, personal, during a 
thunder storm, 250 
Saffron, 942, 1068 

of antimony, 724 

mars, 641 

Sago-leaves, 1057 
Sago, 908, note 
Sal-alembroth, 790 
Sal-ammoniac, fixed, 593 
— — a source of muriatic acid 
gas, 362, note 

its sources and uses, 397 

Sal de duobus, 558 

559, and note 

t/oois, 677 

— mirabile^ 577 

— perlatum^ 582 


Sal prunelkty 551 

— de SeignettOy 993 
Salicin, 1041 

Salifiable bases and salts, their 
action on gum, 895 
bases, their combina- 
tion with sugar, 903 

vegetable, 1015 

Salifyiiig substances, 318 
Salme conteuts of sea-water, 
621 

— mineral waters, 1206,1211 

— powdijrs, 993 
Saliva, 1163 

— analysis of, 1163 

— increased secretion of, 

1163 

Salivary concretions, 1164 

matter, 1163 

Salmon, Dr., 8 

on transmutation, 9 

Salsola soduy 684 
Salt, common, 573 
its crystals, 108 

— digestive, of Sylvius, 542 

— dulcified spirit of, 1105 

— iwitre, 548 

see nitre and nitrate of 

potassa. 

— preservation of ^ood by, 

1133 

— polychrest, Glaser’s, 551 

— regenerated, 542 

— sedative, 510 

— spirit of, 363 

— of Riverius, 1008 

— of tartar, 561 

— Venus, 704 

— wood-sorrel, 1000 

— wormwood, 561, 1055 
Salts, crystallization of, 108 

— decrepitation of by heat, 

109 

— halo'ide, 524, note 

— metallic, 523 

— separation of by crystal- 

lization, 111 

— of the hydracids, 524, note 

— of the oxyacids, 524, note 
Salvia offidnalisy 1057 
Sambucm nigra, 1058 
Sandal-wood, 938, 1054 
Sandever, 866 

Sanguinaria, its preparation 
and properties, 1040 
Sapan wood, 937 
Sap-green, 943 

— of plants, 873, and note 

— of the rose-tree, its analy- 

sis, 874f note 

— of vegetables, 49 
Saponic acids, 9^ 
Saponification, acids gene- 
rated during, 960 

of fixed oils, 959, and w. 

process of, 958 


Saponin, 1046, note 
Sapphire, 850 
Sardonyx, 855, note 
Sarsap^illo, 1047, note, H)5l 

active principle of, 1047 

extract of, 1051 

Sassolin, 511 
Satin gypsum, 599 
— spar, 603 

Saturated soluticiis, boiling- 
points of, 161 
Saturn, 711 

Saunders on mineral waters, 
1211 

wood, 938 

Saussurb oil absorption of 
gases, 461 

on alcohol, 1077, 1079 

atmospheric air, 413 

boiling-point of water, 

159 

ether, 1084 

i fixed oils, 952 

gluten, 917 

oil, 1187 

starch and sugar, 911 

Saussure’s hygrometer, 411 
Saxon-blue, 943||te 
Scale of compa^ve degrees 
of heat, 139 

logomotric, 218 

Scentc(l oils. 956 
ScHBELE, 81 to 84 

on arsenic acid, 83 

arsenite of copper, 83 

analysis of the air, 81 

benzoic ether, 1103 

calomel, 82 

chemical decomposi- 
tion, 83 

chlorine, 82, 144 

citric acid, 83, 1006 

dcphlogisticated muria- 
tic acid, 82 

empyreal air, 81 

endiometry, 409 

— fluor-spar, 83 

heat, 82, 187 

lactic acid, ^ 

malic acid, 1009 

molybdenum, 759 

light and heat, 82 

manganese, 82 

milk and sugar of milk , 

83 

muriatic acid, 82 

molybdic ?icid, 83 

neutral salts, 83 

oxalic acid, 997 

oxygen, 81 

oxymuriatic acid, 82 

Prussian blue, 84 

prussic acid, 84, 504 

radiant heat, 82 

matter, 184 

— solar rays, 184 




ScHULB on salphnxotted hy- 
drogen, 82 

tungstates, 780 

vegetable acids, 84 

ScmnLB’s green, 83 

empy^ air, 81 

eudiometer, 409 

observations on air and 

fire, 81 

ScHEELE and Westrumb on 
chloral, 1105 
Schcclium, 

Scheiuiiitz, fountain of Hiero 
at, ihl 

Scherer on sap of the maple, 
874, twte 

ScHMEissER on mineral 
waters, 1211 

ScHON^BBRG on uranium, 733 
Schrader on nutmeg-oil, 957 

rhubarb, 1046 

Schweigger's galvanometer, 
311 

Scillitin, 1046, note 
Scorzonera hispanicaj 1051 
Scudamore on mineral wa- 
ters, 1211 

Sca-salt HM^crated, 542 
— water %itiuns bromine, 
344 

hydrobromato of 

' magnesia, 344 

— iodine, 340, note 

its composition before 

and after evaporation, 
621 

freezing-point, 621 

saline contents, 621 

specific pavity, 621 

— weeds contain iodine, 340, 

note I 

Sealing-wax, composition of, 
979 

electricity of, 222 

Sebacic acid, 1186, note 
Sebatc of ammonia, 1186, n. 

lead, 1186, note 

mercury, 1186, note 

|) 0 ta 8 sa, 1186, note 

silver, 1186, note 

soda, 1186, note 

Sebates, 1186, note 
Sebic acid, 1186, note 
Secale cereatej 1062 

comutumy 1062 

Secondary form of crystals, 
118 

— marbleJ603 

limestone, 603 

Secret sal-ammoniac, 26 
Section of condensing-engine, 

flame, 207 [172 

Sedative salt, 610 
Sbebbck on thenno-electri- 

city, 301 i * 

-*■— solar rays,' 186, -361 
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Se<^-lM, 840 
Seed% 1068 

— cotyledons of, 869 

— germ of/ 869 

— germination and growth 

of, 869 

of, evolves heat, 878 

— phimula of, 869 

— radicle of, 869 

— requisite for the germi- 

nation of, 869 
-7- sugar produced during 
their germination, 870, 
910, note 

Seftstrom on oxide of mer- 
cury, 785, 786 

vanadium, 775 

Seggars for baking pottery, 
862 

SbCiUIn* on meconic acid, 1021 
Seleniate of baryta, 613 

lime, 602 

potassa, 561 

soda, 682 

Seleniatcs, crystalline form 
of, resemble sulphates, 
456 

of metals, 650 

Selenic acid, 453, 455 
Seleniocyanuretof potassium, 
670 

Selenious acid, 454 

onde, 454 

Selenite, 598 

derivation of the term, 

599, note 

Selenite of baryta, 613 | 

— - copper, 705 
lead, 7I8 

— lime 602 

potassa, 561 

silver, 809 

^ soda, 582 

strontia, 618 .. 

Selenites, 455, 530 
Selenium, 453 

derivation of the term, 

453 

its action on metals, 530 

carburet, 610 

chloride, 456 

— cyanuret, 508 

discoveryi and sour- 
ces, 453 

elemeniiiy rank, 453 

— — existence occasion- 
ally in the atmosphere, 
413 

^ perchloride, 456 

phosphuret, 468 

Bpecffic gravity, 453 

Bulphuret, 467 

union with bromine, 

456 

carbon, 610 

— chlorine, 466 


Selenium, its union with hy- 

drogen, 456 

oxygon, 454 

— phosphorus,' 458 

sulphur, 457 

Seleniuret of aluminum, 853 
arsenic, 757 

bismuth, 731 

carbon, 610 

copper, 705 

le/id, 718 

mercury, 790 

silver, 809 

Scleniurcts, 630 
Selcniuretted hydrogen, 456 
its occasional existence 
in the air, 457 

poisonous nature, 

‘*467 

Self-registering thermo- 
meter, 146 

Sembntixi on oxide of iodine, 
341 

Semina cifue, 1058 
Senega root, 1051 
Senegin, 1046, note 
Senna-leaves, active principle 
of, 1045 

Sensation of heat, 123 
Sensible and msensibie dis- 
tances of attraction, 105 
3«}paration of magnesia and 
lime, fSo 

salts by crystallization, 
111 « 

Seralbumcn, 1140 
Serous portiod'of the blood, 
1136 

SERTUBRNjtft on oenothiotlic 
acidj^089 

mec^iiic acid, 1021 

morphia, 1015 

SERULLABon bromidc of ar- 
senic, 752 

bromide of carbon, 480 

selenium, 456 

— ^ — silicium, 867 

cyanurot of chlorine, 

602 

^ iodine, 603 

— iodide of carbon, 479 
— oil of wine, 1094 
and Dumas on chlorine 

and iodine, 344 . 

Scrum of blood, 1137 

chyle, 1194 

its analysis, 1137 

its alkaline nature, 1137 

— coagulation by kre- 

osote, 987 


448 

Sesquicarbonate of ammonui, 

476 

— of potassa, 668 
— ^ soda, 686 



Sesquichloride of antimony, 

722 

of carbon, 47? 

chromium, 77^ 

iridium, 840 

— osmium, 839 

phosphorus, 447 

Sesquicyanuret of iron, €55 
Scsquifluoride of antimony, 

723 

of arsenic, 752 

Sesquihydroguret of phospho- 
rus, 451 

S5squiodide of carbon, 479 

— of phosphorus, 449 
Scsquioxide of aluminum, 849 

of antimony, 721 

bismuth, 729 

cerium, 740 , 

chromium, 706 

cobalt, €84 

lead, 712 

manganese, 631 

osmium, 838 

platinum, 827 

tin, 675 

uranium, 733 

Sesquiphosphate of barvta, 
€12 

of lead, 717 

lime, €01 

Sesquisulphate of potaaaa,55{]^ 

of soda, 582 | 

Scsquisulpliuret of arsenic, 
754 

of cobalt, ^86 

iron, €46 

tin, 678 

Shales, 851 
Shear steel, 666 
Sheep's milk, 1 158 
Shell-lac, 940 

Shells, hardening principle of, 
1191 

— mother of pearl, 1191 

— porcellaneous, 1191 
Shelter, secure, from light- 
ning, 250 

Sherry, sp. gr. of, 1067, note 
Shillings, standard silver of, 
812 

Ships, copper sheathing of, 
260, 282 

— lightning-conductors for, 

250 

— protectors, 283 
Shooting stars, 257 

imitated, 257 

SHucRBUROH’sstandard scale, 
«. ^27, note 

oiciUan native sulphur, 418 
Sihca, 855 

its equivalent number,855 

hydrate, 856 

■* solubility of in wa- 
ter, 856 


geneUal index. 

Silica,rits inflammable base, 
853 

preparation, 855 

•— — properties, 856 
separation from man- 
ganese, 632, note 

sp. gr., 856 

uses, 859 

varieties, 855, and note 

Silicate of alumina, 861 

baryta, 860 

c opper, 860 

iron, 860 

its existence in cha- 
lybeate waters, 860 

of lead, 860 

lime, 860 

and magnesia, 860 

potasim, 860, 7iote 

of magnesia, 860 

manganese, 860 

potassa, 854, 859 

renders fabrics in- 
combustible, 859 

of soda, 859 

zinc, 860 

■ zirconia, 843 

Silicated fluoric acid gas, 857 

its aqueous solution,857 

composition, 858 

— propertif^s, 857 

8^ gr.,85J 

union with ammo- 
nia, 857 > 

Silicates, 859 

• ternary and quaternary, 

list of, 861 

Siliceous epidermis of plants, 

872 

minerals, lists of, 861 

Silicic acid, 854, 855, 859 
S iliciferotjts calculi^ 1178 
Silicium, 853 

its alloys, 859 

alloy with potassi- 
um, 859 

bromide, 8.57 

carburet, 858 

chloride, 856 

fluoride, 857 

iodide, 857 

nascent state, 859 

oxide, 855 

phospliuret, 858 

preparation, 854 

properties, 854 

salts, 859 

sources, 854 

— — sulphuret, 868 
Silico-fluate of ammonia, 857 
Silico-fluoride of barium, 858 
— of calcium, 858 
— — cobalt, 868 

copper, 858 

iron, 858 

lead, 858 


1297 

Silico-fliioridc of magnesium, 

, 858 

manganese, 858 

nickel, 858 

potassium, 857, 858 

sodiiim, 858 

strontium, 858 

zinc, 858 

Silicon, its absorption by pla- 
tinum, 833 

SiLLiMAN on chlorine and 
liydrogen, 361 
Silurus electricusy 299 
Silvate of ammonia, 978 

lead, 978 

magnesia, 078 

potassa, 978 

silver, 979 

soda, 978 

SiMES on dnti-ria, 1037 
Similor, 709 
Simple affinity, 214 

attraction, 214 

galvanic circles, 262 

non-metallic substaii- 

ces, observations on, 51 4 
substances, arrange- 
ment of, 318 

tabh of,*817 

Silver, 800 

— coinage, 812 

— colours glass. 868 

— fulminating, 802, 810 

— German, its composition, 

695, 7iote 

— glance, 807 

— leaf, its transparency, 516 

— metallic, preeipitauts of, 

813 

— native, 800 

— plate, 812 

— plating, 812 

— pure, 800 

— solvent for, 808 

— standard, 812 

— its absorption of oxygen 

when melted, 801 

— its acetate, 1123 

alchymical name and 

symbol, 800 

alloys, 811 

alloy with copper, 812 

platinum, 832 

steel, 812 

amalgam, 812 

ammonio-carbonate, 

809 

ammonio-hyposul- 

pbate, 808 

— — ammoniuret, 802 

ancient name, 800 

antimoniato, 811 

arseniate, 811 

arsenite, 789, 811 

assay, 812 

— — benzoate, 977 

4 o 



Silver^ its bifalmumte, 811 

— — biseleniuret, 80® 

— — borate, 809 

— — bromate, 804 

bromide, 345, 804 

carbazotate, 949 

— — carbonate, 809 

— — chlorate, 804 

chloride, 802 

chromate, 811 

— — cinchonate, 1031 

citrate, 1009 

columbate, 811 

combustion, 801 

cupellation, 812 

cyanate, 810 

cyaniiFct, 809 

ductility, 801 

fluoride, 804 

fulminate, 810 

fusion, crucibles for, 

863 

hyponitrite, 807 . 

hypoBulphate, 808 

hyposulphite, 807, 809 

with potassa, 808 

indigotate, 951 

iodate, 804 

iodide, 804 

•— — malate, 1011 

meconate, 1022 

molybdate, 811 

nitrate, 804 

— — - — decomposition of, 

805 

ores, 800 

oxalate, 1004 

oxides, 802 

periodate, 343 

peroxide, 802 

phosphate, 809 

phosphite, 809 

phosphuret, 809 

platino-chloride, 830 

precipitation from so- 
lutions, 813 

properties, 801 

pyrophosphate, 445, 

583, 809 

salifiable oxide, 802 

salts, their general 

characters, 813 

sebate, 1186, note 

selenite, 809 

seleniuret, 809 

separation from plated 

articles, 808 
ailvate, 979 

— — specific gravity, 801 
' — — standard alloy, 812 

suboxide, 802 

— — succinate, 981 

sulphate, 808 

sulphite, 808 

— sulphocyanuret, 810 

Bulphufet, 807 
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Silver, its tarnish, 801 
tartrate, 997 

— — »— with antimony, 997 

— potassa, 997 

tellurate, 811 

tungstate, 811 

Silvering clock-dtals, 812 
thermomcter-acales, 

812 

looking-glasses, process 

of, 799, note 

powder, 812 

Silvic acid, 978 
SiNOBK on electricity, 225 
Singer's electrometer, 229 
Six on thermometers, 140 
Size, 1182 
Skorodite, ^50 

Slag of an iron-furnace, 660, 
note 

Slaked lime, 591 
Slate, aluminous, 851 
Sliding-rule, 218 
Smalt, 688 

Smeaton on cements, 863 

i expansion, 125 

i Smelling-salts, 476 
I Smells, offensive, removed by 
chlorine, 333 

: Smelting-furnace for iron, 

I 660 

i Smilacin, 1047, note 
I Smilax sarsaparillay 1047, 

I note, 1051 
I Smithson, on carbonate of 
zinc, 672 

j vegetable colours, 942 

i Smut in com, how prevented, 
704 

' Snakewood, 1054 
Snow, crystals of. 111 

sudden shower of by the 

expansion of air, 151 

and nitric acid produce 

intense cold, 384 
Soap, 953 

’ — alcoholic solution of, 959 
; — boiling, 959 
; — hard, 958 

— linseed oil, 964 
I — lye, 539, 959 

i — peculiar acids from, 959, 
! 965, note 

* — soft, 959 

— tincture of, 959 

— transparent, 959 

— varieties of, 958 


Soap-makers' black ash yields 
iodine, 340 
Soda, 671 

— anhydrous, its proportion 

in solutions of different 
specific gravities, 572 

— caustic, 672 

— disinfecting liquid, 685 


Sod% impure, 581 
its acetate, 1117 

' ammonio - phosphate, 

883 

ammonio-sulphate,582 

arseniate, 748 

benzoate, 976 

•— — bicarbonate, 686 

bimolybdatc, 762 

binorseniate, 748 

bmoxalatc, 1000 

— — biphosphate, 683 

biselenite, 582 

bisulphate, 677, 581 

bisnlphate anhydrous, 

681 

sulphuric acid from, 

581 

bisulphate crystallized, 

- 681 

borate, 611, 587 

anhydrous, 587 

crystallized, 587 

bromate, 57& 

butyrate, 1153 

carbazotate, 948 

carbonate, 584 

chromate, 770 

chlorate, 575 

chloride, 574 

chlorite, 674 

citrate, 1008 

•u columbate, 783 

cyanate, 587 

•decomposition by elec- 
tricity,, 671 

distinction from po- 
tassa, 572 

efflorescence, 672 

extraction from fuci, 

I formiate, 1013 [584 

I hydrate, 672 

; hydrocyanate, 587 

- — hydrosulphuret, 577 

- — hypophosphite, 682 

j hyposulphite, 577 

indigotate, 950 

iodate, 675 

iodite, 342 

magnesia-sulphate, 62a 

margarate, 963 

metallic base, 671 

molybdate, 762 

muriate, 573 

nitrate, 576 

oleate, 964 

— — oxalate, 1000 

with copper, 1003 

periodate, 343 

— — peroxide, 572 

phocenate, 1188 

phosphates, 582 

— — phosphite, 682 
pinate, 970 

— — potassa-tartratc, 99a 

pota880-ph08phate,aH4 
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Soda^ its preparation froip 
the sulphate^ 579 

purpurate, 

pyrophosphate, 583 

quadri-selenite, 582 

sebatej 1186,jio^e 

selbniate, 582 

selenite, 582 

silicate, 859 

sesquicarbonatc, 588 

scsquisulphate, 582 

silvate, 978 

stearate, 981 

— = strychnate, 1036 

subcarhonate, 585 

succinate, 980 

sulphate, 577 

with alumina, 852 

sulphite, 577 • 

sulphocyanate, 587 

— — sulphovinate, 1096 

tannate, 929 

tartrate, 992 

triphosphate, 583 

tungstate, 780 

urate, 1171 

alum, 852 

tartarimtay 993 

Sodaic powders, 21 1 
Sodalite, 861 
Sodium, 571 

discovered by Davy,d71^ 

its action on ammonia, 

676 

alloy with potassium, 

687 • 

tin, 679 

zinc, 673 

alumino-fluoride, 

850 

— amalgam, 798 

anhydrous bromide, 

675 

oxide, 672 

arseiiio-protosulphu- 

ret, 766 

bisulphuret, 677 

boroHuoride, 687 

bromide, 676 

chloride, 573 

ferrocyanuret, 655 

ferrosesquicyanuret, 

856 

fluoride, 575 

• — iodide, 676 

phosphuret, 582 

^ "^I^^^^O'hiehloride, 

■ protoxide, 571 

properties, 671 

— salts, their general 
characters, 587 

seleniuret, 582 

— silico-fluoride, 858 

■ — sources and prepara- 
tion, 671 


Sodium, its sp. gr., 571 

sulphocyanuret, 587 

sulphuret, 677 

tri-arsenio persul- 

phuret, 757 
Soft soaps, 969 
7 - solders, 732 
Solania, 1037 

malate of, 1037, 1964 

Solanum dtUcamaray 1054 

itiberosumy 908, n. 1061 

Solar light, 173 
induces chemical ac- 
tion, 173 

Solar microscope, illumina- 
tion of, 206 

— radiant heat, 186 
Solder, plumbers’, 719 

— soft, 732 

Solid carbonic acid, 471 
Solidifleation evolves heat, 
154, 156 

Solids, attraction of for 
liquids, 106 

— expansion of, 123 

— specific heat of, table of, 

149 

Soluble cream of tartar, 992 

Prussian blue, 658 

tartar, 991 

Solubility of nitre, 560 

sulphate of soda, 678 

Solution, aqueous, of chlorine, 
333 

salts, 107 

crystals by, 108 

saturated, boiling-points 

of, 161 

Solutions, spontaneous eva- 
poration of, 109 
Solvent, universal, I 
Somerset House water-baro- 
meter, 401, note 
SoMBRViLLR, Mrs., on light, 

174 , notCy 179 
Sorbic acid, 1009 
SouBBiRAN on clilorine, 335 

euclilorine, 336 

chloroform, 1 106 

Sound, varying, of thunder, 
261 

South, Sir J., on ebullition, 
429 

Southern on steam, 164 
Southwark Bridge, its expan- 
sion, 127 

Sovereigns, standard gold of, 
820, and note ibid 
Spar, calcareous, 603 
— • — dissected, 116 

— fluor, dissected, 114 
Spark, electric, 234, 244, 298 

modifications of, 298 

reddens litmus paper, 

— magnetic, 316 [297 

— magneto-electric, 316 


Spathose iron-ore, 650 
Specific gravity, 

of absolute alcohol , 1071 

acetate of lead, 1121 

acetic acid, 1115 

air, 403 

alcohol absolute, I 07 I 

common, I 07 I 

vapour, 1072 

alloy of gold and bis- 
muth, 820 

and cobalt, 820 

-^c ipper, 820 

lead, 819 

manganese, 819 

nickel, 819 

tin, 819 

zinc, 819 , 

— platinum and steel, 

832 

almond-oil, 955 

alumina, 848 

amber, 979 

ammonia, gaseous, 392 

solution, 393 

amygdaline, 672 

antimony, 720 

arsenic, 744 

acMd, 746 

arseimretted hydrogen, 

754 

barium, 605 

benzoic acidvapour,975 

ether, 1 104 

bicarburet of hydrogen, 

487 

biliydroguret of carbon, 

481 . 

bile, 1159 

biliary calculi, 1162 

bismuth, 728 

bisulphuret of carbon, 

508 

hydrogen, 436 

blood, 1136 

boron vapour, 513 

bromine liquid, and va- 
pour, 345 

cadmium, 681 

camphor, solid, 968 

vapour, 968 

Cape wine, 1067, note 

capnonior, 988 

capric acid, 1154 

caproic acid, 1154 

carbonate of lead, 716 

soda , 584 

carbonic acid gas, 470 

oxide, 465 

chloral, 1106 

chloride of benzule,970 

silver, 803 

sulphur, 432 

chlorine, 332 

chloro-carbonic ether, 

1102 
4 o 2 
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Specific gravity of chloro- 
form, 1107 

chromate of potassa,769 

chromium, 766 

coal-gas, 496 

cobalt, 684 

— — cocoa-nut oil, 957 

copper, 696 

corrosive sublimate, 789 

cyanogen, 600 

deutoxide of molybde- 
num, 760 

diamond, 468 

distilled vinegar, 1112 

— elain, 1186 

elm-wood, 136 

essence of lemons, 970 

ether, 1080, 1084 

vapour, 1084 

eupion, 985 

fixed oils, 951 

fiuohoric gas, 612 

gases, rules for ascer- 
taining, 404, mte 

gold, 814 

gluciua, 841 

gum-arabic, 894 

hydriodic acid gas, 368 

ether, 1107 

hydriodide of carbon, 

486 

hydrobromic acid gas, 

369 

■ hydrocarbon from ca- 

outchouc, 982 

hydrochloride of carbon 

vapour, 486 

hydrocyanic acid, 505 

ether, 1 108 

hydrogen, 348 

hydroguret of carbon, 

or olefiant gas, 483 

hydrophosphoric gas, 

461 

hydroxalic acid, 1005 

iodine, solid, 341 

vapour, 341 

iridium, 840 

kreosote, 986 

iron, 639 

lactic acid, 1129 

lead, 711 

linseed oil, 964 

liquid chlorine, 332 

liquor polassa^ 640 

manganese, 631 

mercaptan, 1108 

mercury, 784 

(frossen), 784 [633 

metallic alloys, table of, 

metals, table of, 617 

milk, 1161, 1167, 1158 

mixtures of alcohol and 

ether, 1087 

niixturos of alcohol and 

water, 1076 


Specific gravity of molybde- 
num, 759 

molybdic acid, 761 

muriatic acid gas, 362 

liquid, 364 

— ether, 1106 

naphtha, 491 

■■ naphthalin vapour, 493 

— native chromate of iron, 

771 

lead, 772 

— — peroxide of tin, 675 
nickel, 689 

nitric acid, 384 

for alkalimetry, 

663 

oxide, 378 

nitrogen gas, or azote, 

372 

nitrous acid gas, 381 

ether, 1099 

oxide, 374 

oil of copivi, 970 

turpentine, 967 

wine, 1094 

olive oil, 955 

osmium, 838 

oxalic ether, 1100 

oxides of chlorine, 335, 

337 

oxygen, 328 

palladium, 834 

paraffine, 984 

peroxide of hydrogen, 

360 

phocenic acid, 1188 

phosphorus, ^9 

phosphorus vapour, 439 

phosphuretted hydro- 
gen, 451 

pieamar, 987 

platinum, 8^, 826 

poppy-oil, 954 

potasnum, 538 

protosulphuret of pla- 
tinum, 830 

protoxide of tin, 674 

pyroxylic spirit, 1126 

resins, 977 

rhodium, 836 

saliva, 1163 

sea-water, 621 

selenium, 453 

serum, 1137 

sherry, 1067, nole 

silica, 856 

silicated fluoric acid 

gas, 867 
— silver, 801 

sodium, 571 

solutions of caustic po- 

tassa, 541 

carbonate of potassa 

and dry salt, per cent., 
662 

spermaceti oil, 1187 


Specific gravity of standard 
spirit of wine, 1075 

Btalch, 909 

steam, 357 

succinic ether, 1104 

sugar, 902 

of milk, l^5^ 

sulphate of methylene, 

1127 

— • — of quinia, 1027 

— zinc, 1119 

sulphur, 418 

sulphuret of lead, 715 

sulphuretted hydrogen, 

434 


sulphuric acid, 422 

for alkalimetry, 503 

sulphurous acid gas, 

. 420 

tantalite, 782 

tartaric acid, 990 

tellurium, 742 

tin, 674 

tungsten, 778 

tungstic acid, 779 

uranium, 733 

urea, 1169 

urine, 1167 

— of animals, 1179 

valerianic acid, 965, w. 

vinegar, 1111 

i! volatile oils, 966 

walnut-oil, 954 

water, 356 

*at every degree of 

temperftture, from 30'‘ 
to 80’ Fahr., 1203 

wax, 957 

whale-oil, 1187 

wood, 919 

wort, 1064 

yttria, 846 

zinc, 668 

zirconia, 843 

Specific gravity, balance for 
ascertaining, 136, 26.3 
bottle for ascertaining, 

136 

hydrometer for, 137 

Specific gravities, actual, com- 
pared with degrees ol 
Baumd, 1076 

Specific heat ascertained, 1-10 

tables of, 149 

of gases, 150 

liquids, 149 

solids, 149 

Spectrum, calorific rays of, 
186 

chemical rays of, 164 

coloured rays of, 182 

heat of, 186 

Speculum metal, 766 


Smrmaceti, 1187 

crystallization, 110 
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Spermaceti oil, 1187 
Sphene, 736, 861 • 

Sphere, electrical, with move- 
able coatings, 235 
Spherical theory of crystal- 
lization, 120 

Spiral, electro-magnetic, Do 
k Rive's, 313 
Spirit rectified, 1072 

sulphuretted, 435 

of ether, 1087 

hartshoru, 1131 

mindcrerus, 1116 

salt, 363 

— wine, 1070 
Spirituous liquors, strength 
of ascertained, 136, 

1074 

Splintery coal, 983 
Spodumene, 588, 861 
Sponge, burnt, contains io- 
dine, 340 

Spongy platinum, its singular 
action on gaseous mix- 
tures, 353, 408 
Spontaneous combustion of 
phosphuretted hydro- 
gen, 450 

livaporation of solu- 
tions, 109 

Spring water, 355 ^ 

Spurious Angustura bark, 
1032 

Squills, 925 
S 4 UIRB, on bload, 1 L45 
Stadion on perchloric acid, 
339 I 

Staffordshire ware, 861 
Stahl's alkaline tincture of 
iron, 644 

theory of combustion, 

34, 330, note 

Stalactites, derivation of the 
term, 603 

formation of 603 

Stalagmites, derivation of the 
term, 603 

formation of, 603 

Standard gold, 820 

silver, 812 

spirit, definition of, 

1075 

Stannic acid, 675 
Staphisain, 1040 
Starch, 908 

action of gluten on, 917 

sulphuric acid on, 
911 

■ anhydrous, 912 

cas^va, 908, note 

' iodine a test for, 341, 

345, note, 910 
■ inulin, a modification 
of, 914 

lichen, 914 

malt, 911, note 


Starch, potato, 908, note 

pure, 909 

sp. gr. of, 909 

properties of, 909 

— solution of, 909 and 

note 

— sago, 908, note 

sugar of, 905, note 

tapioca, 988, note 

torrefied, 913 

uses of, 915 

wheat-meal, 908 

its blue precipitate with 

iodine, 341 

convemion into gum, 

913 

into sugar, 910, 

note, 911 

manufacture, 908 

—mixture with alka- 
line salts renders mus- 
lin incembustible, 915 
sources and varie- 
ties, 908 

sulphate, 912 

tannate, 912 

ultimate analysis, 

913 

Stark, Dr., on absorption of 
heat, 191, no/6 
States, natural, of bodies, 123 
Stavesacre, 1039 

seeds, 1059 

Steam subject to the laws of 
aeriform expansion by 
heat, 132 

of high pressure, 163 

its economical uses, 166 

effects on combus- 
tion, 416 

sp. gr., 357 

Steam-engine, theory of heat 
applied to, I 7 I 
Stearate of ammonia, 961 

baryta, 961 

lead, 962 

lime, 961 

potossa, 960, 961 

soda, 961 

Stearic acid, 960 

anhydrous, 960 

hydrated, 960 

Stcarine, 951, 962, 1185 

candles, 1186 

Stearonc, 962 
Steatite, 629, 860 
Steel, alloys of, 667 

— blistered, 666 

«— blood-stains on, detected, 
1150 

— cast, English, 666 

— colours of, blue, brown, 

purple, red, and straw, 
666 

due to oxidation, 666, 

note 


Steel, damasked, 667 

— gilding of, 8 I 7 

— hard, 666 

— Indian, 666 

— induced, and permanent 

magnetism of, 305, 307 

— made from iron by coal- 

ga^ 462 

— - proportion of carbon in, 
665, note 

— quality of, tested, 667 

— shear, 666 

— soft, 666 

— tempering of, 666 
metallic bath for, 666 

— tilted, 666 

— its alloy with aluminum, 

853 

platinum, 832 

rhodium, 837 

silver, 812 

manufacture, 659, 665 

Stereo-electric current, ^2 
Sterling, or standard gold, 
708 

Stevbxs, Dr., on blood, 
1145 

Stibium, 720 
Stick-lac, 940 

— sulphur, 418 
Stilbiie, 861 

Still and worm-tub described, 
355 

Stink-stone, 604 
Stokbs on sulphate of zinc 
and potassa, 671 
Stolzb on pyroligneous acid, 
1113, note 

Stomach, free muriatic acid 
found in the, 365 
Stone-blue, 915 
Stramonium, extract of, 1057 
Strawberries, 1059 
Stream tin, 674 

works, 676 

Striking distance of electri- 
city, 243 

Stro:mb\'£R on cadmium, 680 
— - — iodine and starch, 341 

oxide of bismuth, 729 

iron, 641 

pyropliosphoric acid, 

445 

on strontia, 616, C16, 

618 

sulpliuret of arsenic and 

iron, 757 

and Rose on selenium, 

453 

Strontia, or strontites, 614 

discovered by Hope, 

615 

its acetate, 1118 

aqueous solution, or 

strontia-water, 616 
— ^ ■— axseniafe, 749 
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Strontia, its baryto-sulphatc, 
618 

benzoate, 976 

— borate, 619 

bromate, 616 

butyrate, 1163 

carbonate, 618 

native, 619 

chlorate, 616 

chromate, 771 

citrate, 1008 

distinction from 

baryta, 619 

fonniate, 1013 

hydrate, 615 

crystallized, 615 

hydriodidc, 616 

hydrosulphuret, 617 

h}'pophosphite, 618 

— — hyposulphate, 617 

hyposulphite, 617 

— ^ crystals doubly 

refractive, 617 

indigotate, 950 

iodate, 616 

metallic base, 615 I 

molybdate, 762 

nitrate, 616 

hydrated crys- 
tallized, 616 

used in pyro- 

techny, 616 
oxalate, 1002 

— — phoccnato, 1188 

phosphate, 618 

phosphite, 618 

— presence detected, 
619 

salts, their general 

diaracters, 619 
tinge flame pur- 
ple and r^, 616 

selenite, 618 

sources, 615 

— succinate, 980 

sulphate, 617 

native, 618 

sulphite, 617 

tannate, 929 

tartrate, 994 

tungstate, 780 

urate, 1171 

water, 615 

Strontionite, 619 
Strontites or strontia, 614 
Strontium, 614 

discovered by Davy, 

615 

its bromide, 616 

— " ■ chloride, 615 

cyanuret, 619 , 

— ■ ferrocyauuret, 665 

fluoride, 616 

— ^ — iodide , 616 
^ peroxide, 615 

— •— phoBphuiet, 618 


Strontium, its platino-chlo- 
ride, 830 

protoxide, 615 

silico-fiuoride, 858 

sulphuret, 617 

Struve on mineral waters, 
1212 

Strychnate of ammonia, 1035 

bar^'ta, 1035 

lead, 1035 

magnesia, 1034 

potassa, 1035 

soda, 1035 

Stry'chnia, 1032 

action of nitric acid on, 

1033 note 

poisonou8iiatureof,1033 

sulphate of, 1033 

Strychnic acid, 1032, 1035 
Strychnos columbina, 1054 

nuafvofnica, 1032,1062 

Sturm and Colladon on the 
compression of water, 
357 

Subacetate of copper, 1120 | 

lead, 718 

Subarseniate of lead, 751 

zinc, 760 

Subcarbonate of potassa, 562 

soda, 585 

a flux for the blow- 
pipe, 520, note 
Subcarburcis of iron, 664, 
665, note 

Subchloride of bismuth, 729 

lime, hydrated, 595 

Subchromatc of lead, 772 
Suberates, 1013 
Suberic acid, 1013 
Subfluoborate of ammonia, 
liquid, 513 

Subfluoride of lead, 714 
Subhyposulphate of copper, 
703 

of lead, 716 

Subiodide of magnesium, 622 
Sublimation of benzoic acid, 

of iodine, 111 [975 

sulphur. 111 

Sublitnaium dulce, 786 
Sublimed sulphur, 418 
Submarine eruptions, elec- 
tricity of, 254 

Submuriate of cinchonia,1025 

copper, 699 

Subnitrate of alumina, 851 

copper, 700 

mercury, 793 

uranium, 734 

Suboxide of copper, 697 

platinum, 826 

potassium, 538 

silver, 802 

— zinc, 668 
SullpBrttFBOllllltO ot coppoF>| 

of iron, 750 ^ [750 


Subpernitrate of mercury, 793 
Subperoxide of cerium, 740 
Subpersulphate of iron, 647 
Subphosphate of alumina,8d3 

lime, 600 

magnesia, 625i 

double, 626 

Subphosphite of lime, 600 
Subpliosphuretted hydrogen, 
451 

Slbsesquiacetate of copper, 
1120 

Subsesquiarseniate of baryta, 
749 

Subsesquiphosphatc of lead, 

717 

Substantive colours, 934, n. 
Subsuccinate of copper, 981 
Substilphateof antimony, 725 

bismuth, 781 

cinchonia, 1026 

Succinamide, 981 
Succinate of ammonia, 980 

baryta, 980 

copper, 981 

iron, 981 

lead, 981 

lime, 980 

magnesia, 081 

manganese, 981 

mercury, 981 

A potassa, 980 

silver, 981 

soda, 980 

strontia,., 980 

tin, 981 

zinc, 981 

Succinates, 980 
Succinic acid, 979 

anhydrous, 980 

crystallized, 980 

Succinic ether, 1104 
Succinone, 981 
Succory root, 1050 
Suflbeation by carbonic acid 
gas, 471 
Sugar, 898 

— acid of, 997 

— action of nitric acid on, 

997 

— anhydrous, 899 

— bastard, 901 

— beet, 905 

— boiling-point of, 902 
— Burdwan, 906, note 

— diabetic, 905, note, 1175 
— East India moist, 905, »• 

refined, 905, 

— granular, 905 

— grape, 905, 906 

— honey, 906 

— liquorice, 907 

— manna, 906 

— maple, 905 
— Muscovado, 899 

mushroom, 907 
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Sugar, raw, 899 

— starch, 905, ngfe 

— syrup of, 901 

— of milk, 897, 1157 

— lead, manufacture of, 11 21 

— urine, 1176 

— candy, 900 

— — crystals of, 109 
examination of, 905, 

— cane, 898 

juice, its composif^, 

898 

. — . refining, 899 

coolers for, 900 

use of animal charcoal 

in, 900 

blood in, 900 

clay in, 901 

lime-water hi, 900 

— obtained from rags, 919, 

note 

— potato-starch, 01 1, note 

— preservation of food by, 

1133 

— production, of during gor- 

miiiation, 870, 910, n. 

— pure, action of heat on, 

903 

anhydrous, its ultimate 

elements, 904 

crystallized, its ulti- 
mate elements, 902, 904 

its decomposition by 

, sulphuric acid, 902 

iiuyting-point, 899 

solubility in alco- 
hol, 902 

water, 902 

sp. gr., 902 

— its colour or whiteness, 

900 

combination with am- 

moniacal gas, 903 

nitrate of silver, 

903 

oxide of copper,903 

— lead, 903 

salifiable ba8es,903 

different grades, com- 
position of, 904, note 

formation in apples, 

910, nate 

sources, 898 

transmutation into 

wax, 957 

Sulphate of albumen, 1140 

■ alumina, 851 

• — and ammonia, 852 

■ — iron, 853 

potassa, 851 

soda, 852 

ammonia, 430 

— native, 430 

— ^d nickel, 691 • 

— its crystals observed 
on dirty windows, 412 


Sulphate of antimony, 725 

aricina, 1029 

bai^, 424, 610 

its decomposition, 

611 

insolubility, 610 

native, 611 

its phosphores- 
cence, 611 

bismuth, 731 

I bruci% 1034 

cadmium, 682 

caseum, 1155 

ceriiun, 741 

cinchonia, 1024 

chromium, 774 

cobalt, 686 

copper, 703 

a test for arsenic, 

758 

fibrin, 1143 

glucinr., 842 

glycyrrhian, 907 

hydrocarbon, 1092 

indigo, 946, note 

iron, 646 

and nickel, 691 

lead, 716 

— native, 717 

lime, 698 

— anhydrous, 109, 599 

hydrous. 599 

its existence in hard 

waters, 698 

native, cr^’stallized, 

598 

lithia, 589 

magnesia, 623 

iTia«^esia, its adultera- 
tion detected, 624 

sources, 624 

manganese, 636 

mercury, 769, 796 

methylene, 1127 

morphia, 1017 

nickel, 690 

and iron, 691 

platinum, 830 

potassa, 558 

its composition, 558 

pyrophoriis obtain- 
ed from, 558 

and copper, 705 

magnesia, 624 

nickel, 691 

zinc, 671 

quhiia, 1026, mte^ and 

1027 

its adulteration de- 
tected, 1027, note 
quantity of, annual- 
ly exported, 1027, note 

silver, 808 

soda, 577 

anhydrous, 678 

a source of soil, 579 
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Sulphate of silver, its decom- 
position, 579 

decomposition by 

chalk and charcoal on 
the large scale, 579 ' 
iron and char- 
coal, 580 

instantaneous 

crystallization, 579 

solubility, 678 

water of crystid- 

lization, 578 

and magnesia, 626 

starch, 912 

strontia, 617 

native, 618 

strychnia, 1033 

thorina, W7 

tin, 679 

uranium, 734 

veratria, 1036 

ytiria, 846 

zinc, 671 

native, 672 

zirconia, 843, 844 

Salpliates, metallic, 528 
of metals, their decom- 
position, 527 

Sulphatic ether, 1092, 1094 
Sulphite of ammonia, 421 

antimony, 725 

baryta, 609 

bismuth, 731 

cobalt, 686 

copper, 703 

chromium, 774 

lead, 716 

lime, 598 

— magnesia, 623 

manganese, 636 

mercury, 796 

potassa, 567 

and copper, 703 

silver, 808 

soda, 577 

strontia, 617 

tin, 679 

zinc, 671 

Sulphites, their general cha- 
racters, 421 

— sulphuretted, 430 
Sulphoadipic acid, 953 
Sulphocyanate of iron, pre- 
sence of in blood, 1145 

in human sweat, 

1198, mte 

of lime, 606 

soda, 687 

Sulphocyanates, metallic, 532 
Sulphocyanic acid, 507 

its combination with 

metals, 532 

Sulphocyanic ether, 1108 
Sulphocyanuret of barium, 
614 

of calcium? 605 
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Sttlpliocyaniiret of cobalt^ 0B8 
- — • copper;, 707 

— gold, 818 

— lead, 719 

jnauganesc, 638 

mercuiy, 798 

platinum, 832 

potassium, 569 

silver, 810 

sodium, 587 

iulphocyauurets, metallic, 
532 

^ulphomethylic acid, 1127 
^ulphonaphthalic acid, 493 
Sulphonaplithalin, 493 
Sulphosinapates, 956, noie 
Sulphoanapic acid, 956 

its crystals, remarkable 

composition of, 956, n. 
Sulphovinate . of ammonia, 
1095 

of baryta, 1096 

copper, 1096 

lead, 1096 

lime, 1096 

potassa, 1096 

soda, 1096 

Sulplioviuates, 1093 
Sulpbovinic acid, 1089, 1095 
Sulphur, 417 

acids, 743 

alcohol of, 508 

balsam of, 953 

commercial, 418 

contains hydrogen, 4 17 , 

note 

flowers of, 418 

hydrogen contained in, 

417 

livers of, 557 

massive, 418 

milk of, 419 

native, 417 

precipitated, 419 

roll, 418 

salts of metals, 528 

potassium, 656 

Sicilian, 418 

stick, 418 

— - sublimed, 418 

vapour, weight of, 419 

vivum, 418 

its action on metals , 527 

nitre, 551 

bromide, 433 

chloride, 432 

* sp. gr. of, 432 

combination with 

alcohol, 1078 

combustion in oxy- 
gen, 329 

crystallization, 110 

crystals^ 417 

obtained from 

the chloride, 433 
cyauuret, 607 


( Sulphur, its dctoimtiou witii 
cliionte of potassa, 643 

-dichloride, 433 

flame, 415 

fusion, 418 

iodide, 433 

plasticity ..by heat, 

418 

^ — proportion in gun- 
powder, 552 

purity tested, 419 

refractive power, 

417 

solubility in fixed 

oils, 953 

solution in ether, 

1086 

sources, 417 

sp. gr., 418 

subchloride, 433 

sublimation, 418 

union with bromine, 

433 

carbon, 508 

chlorine, 432 

cyanogen, 507 

hydrogen, 433 

oxygen, 419 

phosphorus, 452 

selenium, 457 

volatility, 418 

Sulphuret of alimiinum, 851 
— antimony, 723 

arsenic, 764 

and iron, 767 

barium, 609 

benzulc, 973 

bismuth, 730 

cadmium, 682 

calcium, 597 

[ carbon, its existence in 

coal-gas, 495, note 

cerium, 740 

chromium, 774 

cobalt, 686 

columbium, 764 

copper, 701 , 702 

gold, 818 

iridium, 841 

iron, 645 

native, 645 

lead, 7 I 6 

lithium, 589 

magnesium, 623 

manganese, 636 

native, 636 

mercury, 794 

— molybdenum, 764 

nickel, 690 

osmium, 839 

— palladium, 835 

platinum, 830 

— ^ phosphorus, 452 
— — • potasrium^ 555 

its action on water, 

rho^um, 837. [655 


/SiiJphu»tofselon,W .<57 

I siiicium, 868 

/ eilvdir, 8O7 

I so(|ium, 577 

( strontium, 61 7 

tellurium, 743 

tin, 678 

titanium, 738 

tungsten, 781 , 

uranium, 734 

- 1 ^ vanadium, 776 
-*■ zinc, 670 

native, 670 

zirconium, 844 

and sulphite of alkali, 

occasion errors in alk<a- 
limetry, 565 

Sulphurcts of metals, 527 
Sulphprettcd alcohol, I 078 

chyazic acid, 507 

hydrogen, 433 

a test for lead, 7 I 6 

discolours metallic 

preparations, 434 

charcoal removes it 

from water, 461 
— — — liquefied by pressure, 

433 

— — tests of, 434 

its abominable odour, 

434 

— ahBori)tioii by 

charcoal, 461 

acid properties, 

434 [529 

action on metals, 

analysis, 434 

aqueous solution, 

434 

a test for 

arsenic, 768 

— composition, 434 

decomposition by 

various bodies, 435 
— deleterious na- 
ture, 434 

— existence in coal- 

gas, 495, note 

mineral wa- 
ters, 434 

flame, 415 

sp. gr., 434 

— sources and proper- 
ties, 433 

Sulphuretted oxide of anti- 
mony, 725 

spirit, 435 

sulphite of zinc, 670 

sulphites, 480 

Sulphuric acid, 421 
— — action of on alcohol, 
1080 

— anhydrous, 424 

its composition, 42i> 

decomposition, 

424 
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Sulphuric acid, aabydroua, 
from bisulpbate of soda, 
681 • 

attracts water even at a 

boiling temperature^ 

423 

chamber^ 421 

changes of in etherifi- 

tiou, 1090, and note ib. | 

chloride of barium a 

test for, 607 a 

^ commercial, sp. gr., 422 

its purity judged of, 

428, note 

diluted, 423 

for alkalimetry, 564 

table of real acid in, 

427 

dry, 424 • 

fuming, 424 

from green vitriol, 424 

German, or Nordhausen 

424 

glacial, 424 

hydrous, its composi- 
tion, 425 

liquid, its composition, 

424 

manufactured without 

nitre, 427 

native, 430 

nitre essential toitsfoJi^ 

mation, 427 

not electrolysable, 423 

phlogisticated, 419 

poisoiiing^^ by, remedy 

for, 430 

solution of metals in, 

423 

test for, 714 

theory of its formation, 

diagrams of, 426 

used to desiccate gases, 

406 

its action on clilorate of 

potassa, 543 

• gum, 895 

indigo, 943 

■ metals, 528 

oxalic acid, 998 

— starch, 911 

sugar, 902 

• wood, 919 

attraction for water, 

423 

— caustic and corrosive 

nature, 423 

concentration, 422 

consumption in the 

arts, 422 

- — ■ — density at different 
degree!} of dilution, 
table of, 428 
~ distillation in glass 
vessels, precautions re- 
specting, 429 


Sulphnric acid, its disti^tion 
in platinum, 422* 

ebullition conducted 

with safety, 429 

-extensive manufac- 

• ture, 422 

fiiity, 422 

great consumers, 422 

hygrometric powers, . 

423 

intense chemical 

powers, 423 

manufacture from 

pyrites, 427 

preparation, 421 

presence detected, 

424 

properties, 422 

specific gravity, 422 

cautions re- 
specting, 428 

strength, table of, 

428 

sudden mixture with 

water evolves heat, 423 

and naphthalin, 493 

Sulphuric ether, 1080, 1094, 
note 

Sulphureous mineral waters, 
1205, 1211 
Sulphurous acid, 419 

its action on metals, 528 

gas, 419 

bleaching by, 420 

checks fermentation, 

421 

its abrorption by char- 
coal, 461 

u<][ueous solution de- 
composed by boiling, 

may be frozen, 

420 

gas, its decomposi- 
tion, 421 

its evolution by burning 

impure coal-gas, 495,n. 

liquefaction by cold, 

420 

gas, its solution in al- 
cohol, 420 

water, 420 

sp. gr., 420 

union with unmo- 

nia, 421 

and nitrous acid when 

dry have no mutual 
action, 426 

liquid, 420 

a non-conductor of 

electricity, 420 

its rapid evaporation, 

420 

Summary of electrolj'tes, 
‘ions, And eloctro-chc- 
micid equiv 4 !dent^ 287 


SuperMid Mseumnlatioii of 
electiicity, 236 

fracture of erysiaJs^ 109 

Superolefiant gas, 490 
Superpemitrate of mercoiy, 
793 

Superphosphate of lime, 801 

magnesu^ 626 

Supersulphate of antimony, 
726 

bismuth, 731 

mercury, 796 

potassa, 568 

Supersulphuretted hydrogen, 
436 

Supertartrate of potassa, 989, 
991 

Snpportersof combustion, 318 
Surface affects radiation, 190 

extension of affects 

electricity, 243 
I Sweat, human, 1198, note 
Sweet almonds, 971, 1058 
i — principle, 959 

— spirit of salt, 1105 
Sylvius, digestive salt of, 542 
Symbols, chemical, 320, 321 

of ancient metals, 516 

elementary substances, 

317 

S^unpathotic ink, blue and 
green, 685 

wlute, 730 " 

Synovia, 1166 

Sypliou-gauge for air-pumps, 
402 

Syrup of ' sugar, 901 
Swine-stone, 604 

Table of absolute alcohol 
in diluted alcohol of 
different sp. gr., 1076 

— absorption of gases by 

water, 358 

— alcohol in various wines. 

1068 

— alloys of gold, 819 

— ammonia, lowing its 

quantity^ in aqueous 
solution, 393 

— anions and catliions, 279 

— aqueous vapour absorbed 

by charcoal, 461 

vapour existing is 

gases, 406 

— arrangement of simple « 

bodies, 319 

— atmospheric pressure 

shown by the barome- 
ter, 401 

— atomic, of muriatic add, 

367 

— — weights, 217 

— bodies capable of explod- 

ing the chloride of ni- 
trogen, 390 . 
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IVible ofboiliiv-p^tof Ditt- 1 T«ble of iim^poitti§ of I Table of series, voJtak* ^ 
mtie acid, 364^ I iii€4al%l£ / — *bnpie aubstoncea, 317 

— boiiing-pouite of liquids^ I — gases absorbed by char- f ^ scm^ in solution, of va. 
16D (161 I coal, 461 I nous sp, gravife, 572 

of aatuiatedaolntioiia, / water,. 356 I — solid extract in urine, 

^ carbonate of potaasa in — gazolytes, halogens, and 1174, ^ 

solutions of various sp. metalloids, 319 — soluble matters of tea in 

gravities, 562 — gunpowder of various ma- alcohol and water, 1043 

— charcoal from various nufactures and strength — sp.gr. of gases and va- 

woods, 460 552 pours, 407 

in varieties of steel, — latent heat of vapours, volatile oils, 960 

665, note 165 water, at all tempu- 

— chemical abbreviations — liquefied gases, I 70 ratures, between 

and symbols, 321 — metallic alloys, 533 and 80°, 1203 

— colouring- matter of in- — metals, and the order of — sp. heat of gases, 150 

digo, 944 their discovery, 515 liquids, 148 

— common salt, under va- known to the an- solids, 149 

nous forms and names, dents, 515 — strength of acetic acid, 

574 in the order of their •1115 

— composition of alcohol attraction for oxygen, — sulphate of soda in sohi- 

and ether, 1091 535 tions of various sp. 

different grades of brittleness, 618 gravities, 578 

sugar, 904, noie — — — ductility, 618 — sulphuric acid at various 

tri-arsenio persulphu- fusibility, 521 sp. gravities, 428 

ret of sodium, 707, w. hardness, 518 — temperature of steam, IG4 

— — urine, 1168 malleability, 517 — thenno-clectrics, 302 

various fruits, 877 »p. gravities, 517 — thermometric scales, 139 

composition of varie- tenacity, 618 — ultimate elements of ve- 

ties of coal, 983 precipitated by ferro- getables, 891 

plumbago, 463 cyanuret of pot^ium, — urinary calculi, 1176 

— conversion of starch into 653 — value of diamonds, 459 

sugar, 910 ferroscsquicyanu- i - vegetable astringency, 926 

— commercial varieties of ret of potassium, 656 extract, 926 

common salt, 674 hydrosulphurct of qutritive matters, 922 

— conducting power of ammonia, 530 tannin. 926 

woods in regard to heat, infusion of galls, — volatile oils and seeds, 96 7 

143 930 — voltaic electrics, 302 

— contraction of alcohol in sulphuretted by- — weights and measures, 

cooling, 1072 drogen, 530 1201, el seq, 

— conversion of degrees of — mineral waters, 1211 Table-spar, 860 

thermometer, 139 — muriatic acid, 365 Tabashecr, 872 

— corresponding degrees of at various sp. gr,, 366 Taddei on ethiops, 794 

thermometers, 139 — nitric acid, at various sp. gluten, 916 

— degrees of Baum^, and gravities, 386 guaiacum, 977, note 

real sp. gravities, 1076 — nutritive animal matters, zimoma and gliadinc, 

— density of various mix-' 

tures of ether and alco- 
hol, 1087 

— destructive^distillation of 

wood, 1113, note 

— electrical conductors, 226 
imperfect conductors, 

226 

— — non-conductors, 226 
electrics, 224 

— electroljies, 286 

— equivalent numbers, 218 

— ethereal vapour, 1085 

— expansion by heat, viz. 

ether, 1085 
sases, 132 
Uqui^ 129 
solids, 124 

— freezing and melting 

points, 156 

— — mixtures, 155 


il»4 

— vegetable matters, 
922 

potassa in solutions of 
various sp. gravities, 
541 

produce of pyroligneous 
acid from wood, 1113, 
note 

• radiating power of bodies, 

104 

• rate of cooling in vacuo, 

197 

• refractive power of gases, 

177 

< relative intensities of 
light from different 
candles, &c., 499 
- series, conductors of elec- 
tricity and heat, 302 
. -^ tb^rmo^lectric, 302 


910 
Talc, 629 

Tamarind pulp, 1062 
Tangential action of magne- 
tism, 310 

Tannatc of antimony, 929 

baryta, 929 

lead, 929 

potaissa, 929 

quinia, 1029 

soda, 929 

starch, 912 

strontia, 929 

Tannates, 927 
Tannic acid, 926, 927 
Tannin, 925 

anhydrous, 928 

artiflcUl, 927, note 

action of various 

agents on, 

oelatine, a test for, 92» 
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Tannin, modiflcations of, 926 

precipitates ^ith per- 

salts of iron, 926 
precipitation of by isin- 
glass, 926 

piire,preparationof,927 

action of acids on, 

928 

alkaline bases on, 

928 

action of heat on, 928 

various reagents on, 

• 928, note 

its ultimate analysis, 

928 

Tanning, art of, 1182 
Taiiiiogclatin, 928 
Tannous acid ? 928, note 
Tantalite, 781 • 

its sp. gr., 782 

Tantalum, 782 
Tapioca, 908, note 
Tar, 984 

— animal, 984, 1132 

— bitter principle of, 987 

— coal, 984 

— mineral, 982 

— peculiar principles ob- 

tained from, 984 

— products of, 984 

— vegetable, 984 
Tamarindus indica^ 1062 * 
Tarnish of silver, 801 
Tartar, 991 

— boraxated^992 

— calcination of, 662 

— cream of, 991 

— adulteration of detected, 

992 

— cream of, soluble, 992 

— crude, 991 

— emetic, 996 

— oil of, per deliquium, 562 

— salt of, 661 

— soluble, 991 

— in wines, 1069 

— of the teeth, 1164 
Tartaric acid, 989 

a test of potassa, 992 

*- — action of heat on, 990 

• — various reagents on, 

990 

anhydrous, 990 

its crystals, 990 

- — manufacture of, 989 

its properties, 990 

■ ultimate elements, 

892 ’ 

-T* uses, 990 
lartanc ether, 1104 
Tartarus boraxatusy 992 
^rtaxus tartarisatusy 991 
Aartrate of alumina, 997 
ammonia, 991, 997 
antimony, 996 
- and potassa, 996 


Tartrate of baryta, 994 

bismuth, 996 

cerium, 996 

cobalt, 996 

copper, 995 

iron, 994 

lead, 711, 989, 995 

pyrophorus from, 

996 

lime, 989, 993 

its insolubility, 993 

lithia, 993 

and potassa, 993 

magnesia, 994 

manganese, 994 

and potassa, 630 

mercury, 996 

. nickel, ^6 | 

potassa, 991 

— and ammonia, 992 

copper, 905 

iron, 995 

lead, 095 

lime, 994 

lithia, 903 

mercury, 997 

silver, 997 

soda, 993 

till, 995 

quinia, 1029 

silver, 997 

and antimony, 997 

— • and potassa, 997 

soda, 992 

and lithia, 993 

strontia, 994 

tin, 995 

titanium, 996 

uranium, 996 

zinc, 995 

Tasteless ague-drop, 746 

purging-salt, 5^ 

Taurin, 1161 
Tawed leather, 1183 
Taylor, J, and P., on oil- 
gas illumination, 496 

on pyroligneous spirit, 

1125 

Tea, examination of its varie- 
ties, 1048 

— leaves, active principle 

of, 1048 
Tears, 1166 
Teeth, enamel of, 1192 

— tartar of, 1164 
Tellurate of baryta, 742 

potassa, 743 

silver, 811 

Tellurates, 743 
Telluretted hydrogen, 743 
Telluric acid, 742 

hydrated, 743 

Tellurium, derivation of its 
name, 742 

its chloride, 743 

compounds, 743, 


laorj 

Tellurium, ita hydmret, 743 

— iodide, 743 

ores, 742 

oxi&, (teHurouB 

acid), 742 

peroxide, (telluric 

acid), 742 

prepamtion, 742 

salts, their general 

characters, 743 

sources, 742 

— specific gravity, 742 

Bulphuret, 743 

Tellurous acid, 742 
Temperature of air best 
adapted for warming, 
134 

combustion, 204 

of the Andes, 161 

of the atmosphere de- 
creases in proportion to 
the height ascended, 
415, note 

Tempering steel, 666 
Tenacity of metals, 518 
Tknnant oil iridium, 840 

osmium, 838 

products of the com- 
bustion of the diamond, 
467 

sulphate of zinc, 671 

Tennantite, 701 
Tension of electricity, 233, 
296 

Terchloride of chromium, 773 

columbium, 783 

Terfluoride of chromium, 773 
Tcrhydrocarbon, 490 
Teriodate of potassa, 547 
Teroxide of osmium, 839 
Tersilicate of magnesia, 860 
Tersulphuret of columbium, 
784 

molybdenum, 764 

tungsten, 781 

vanadium, 778 

Terra foliata mineralisy 1117 
iartariy 1116 

Terrestrial radiant heat, 186 
Tests for albumen, 1141 

— analysis of mineral wa- 

ters, 1204 

— arsenic, 746, 758 

— copper, 710, and 977, 

— iron, 655 

— lead, 715, 716 

— lime, 606 

— magnesia, 626 

— manganese, 639 

— olive-oil, 956 

— phosphoric acid, 444 

— platinum, 833 

— potassa, 851 
and soda, 57, 572 

— sulphuric arid, 428, nofa, 

W,714 
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Tests for tin, 679 

— zinc, 673 ' 

<— of volt^c action, 290 

— papers, use of, in alkali- 

metry, 666 
Tetra-sulpliuret, 646 
Texture affects conducting 
power of bodies for 
heat, 144 

Thea bohea^ and viridis. 1048, 
1067 

Tliebaia, 1020 
its preparation and pro- 
perties, 1020 
Them, 1048 

Thbnard on acetate of lead, 
1122 

arsenic acid, 747 

— arseniuretted hydro- 
gen, 753 

arsenious acid, 746 

nitre, 548 

borate of bar}’ta, 614 

— fat, 1186, note 

metallic alloys, 533 

oxide of antimony, 721 

peroxide of calcium, 592 

— — hydrogen, 358 
— — — strontium, 615 

phosphate of cobalt, 687 

tartrate of iron and po- 

tassa, 995 

— potassaand iron, 996 
Thenakd's blue, 687 
Theories of light, 173 
Theory, atomic, see Atomic 
Theory. 

— of the battery, 289 

— crystallization, 114, 120 
Thermo-electric pile, 303 

electrics, table of, 302 

electricity, 300 

Thermometer, air, 41, 141 

accuracyof, proved, 140 

degrees of, compared, 

139 

scales, sUvering of, 812 

stationary point of the, 

138, 152 

— spirit for, tinged with 
archil, 999, note 

Thermoscopes, 303 
Thxvart invonts plate-glass, 
867 

TuiLOURiER on the expansi- 
bility of liquid carbonic 
acid by heat, 471 

solid carbonic a^, 471 

Thiolic ether, 1108 
Thomson, on acetate of lead, 
1122 

eodsL, 1117 

—— acetic acid, 1115 

^rley and malt, 911 

— — arseniate of magnesia, 
750 — n 
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Thomson on arseniate of soda, 
748 

bromine in muriatic 

acid, 364 

carbonate of copper, 

706 

chloride of cobalt, 685 

magnesium, 621 

cobalt, 683 

congektion, 154 

hydrocarbons, 490 

melting point of sul- 
phur, 167 

nickel, 689 

nitrate of mercury, 793 

oxide of antimony, 721 

chromium, 767 

phosphate of lead, 717 

phosphuret of carbon, 

510 

phosphuretted hydro- 
gen, 450 

quadriphosphate of 

lime, 601 

tartrate of strontia, 994 

sulphate of iron, 647 

sulphite of lead, 716 

uranium, 733 

varieties of coal, 983 

his atomic table of mu- 
riatic acid, 367 

Dr. A. T., iodide of 

iron, 644 

Thorina, its combinations, 
characters of, 847 

sources, 847 

sulphate, 847 

Thoriiium, its chloride, 847 

hydrated oxide, 847 

— oxide, 847 

— preparation, 847 

properties, 847 

sources, 847 

Tliunder, sound of, 251 

bolt, 261 

bolts, (pyrites,) 646 

clouds, 261 

storm, distance of, as- 
certained, 251 

effects, 246 

— ^ personal safety du- 

ring, 250 

phenomena of the, 

246 

Tile ore, 698 
Tilia europaa, 1068 
Tillard, Capt., his account of 
a submarine volcano, 
263 

Tilted steel, 666 
Tin, 674 

— butter of, 676 

— block, 674 

— filings, 674 

— puD, 674 

— fiquor for dyers, 677 


Till medals, how bronzed, 679 

— mine, 674 

— plate, 679 

crystallized, 110 

— powdered, 674 

— putty, 676 • 

— stream, 674 

— wood, 676 

— its acetate, 1119 
alchymical character, 

674 

— — alloy with gold, 819 

— — iron, 679 

potassium, 679 

sodium, 679 

zinc, 679 

amalgam, 799 

uses of, 799 

— arseniate, 750 

benzoate, 976 

bisulphuret, 678 

borate, 679 

carbonate, 679 

chlorides, 676 

chrom.ate, 771 

citrate, 1008 

combustion, 674 

ferrocyaiiurct, 679 

fluoride, 677 

hyposulphite, 679 

— — iodatc 677 
-i-- — iodide 677 

molybdate, 762 

nitrate, 677 

ores, 6%4 

oxalate, 1002 

— — oxides, 674 
^ native, 674 

— — oxide forms white 

enamel, 868 

oxymuriate, 677 

peracetute, 1119 

perbromide, 677 

pcrchloride, 676 

periodide, 677 

permiiriutc, 677 

peroxide, 675 

hydrated, 675 

— -L- native, 675 

phosphite, 679 

phosphuret, 679 

poisonous nature, 67*1 

presence tested, 679 

protacetate, 1119 

protobromidc, 677 

protochloride, 676 

hydrated, 676 

— — protomuriate, 676 

— protOBulphurf^t, 678 

— ^ protoxide, 674 

anhydrous, 674 

— hydrated, 674 

— phosphate of, 679 

salts, their general 

character, 679 
sesquioxidc, 675 
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Tin, its Besquiaulphiiret, 678 

— — sources, 674 

sp. gr., 67> 

succinate, 981 

sulphate, 679 

— — sulphite, 679 

sftlphurets, 678 

tartrate, 996 

with potassa, 995 

Tincal, 587 

Tincturaferri muriaHs, 643 
Tincture of iodine, 340, note 

iron, alkaline, 644 

!—■ soap, 959 
— turnsole, 939 
Tinned copper, 799 
Tissues, organic, permeable 
by hydrogen, 350 
Titaniate of potassa, 7J8 
Titaniates, 788 
Titanic acid, 737 
Titaniferous oxide of iron, 

737 

Titanium, 735 

discovered by Gregor, 

735 

pure, how obtained, 736 

its chloride, 738 

compounds, action of 

the blow-pipe on, 739 

cr^'stals, 735 

Ouoride, 738 

name, derivation oi, 

735 

ores, 736 

— - oxalale, 1004 

oxides, 736, 737 

peroxide, 737 

titanic acid, 737 

phosphate, 738 

phosphuret, 738 

protoxide, 737 

salts, their general 

characters, 738 

sources, 735 

sulphurct, 738 

tartrate, 996 

Titano-fluoridc of potassium, 
738 

Tobin, Dr., breathes nitrous 
oxide, 375 
Tombac, 709 
Topaz, 861 

Topping on the varieties of 
German silver, 695, n. 
Torbtcblj.i constructs the 
barometer, 400 
Torricellian vacuum, 400 
Torpedo, 299 

Tourmalin, electricity of, 224 
Train-oil, 1187 
Trallks on alcohol, 1073 
A ransfer of elements by elec- 
tricity, 277 , note 


Tree struck by lightning, 250, 
Trembleur, 299 [note 

Tri-arsenio-persulphuret of 
sodium, 757 

Trieste, sea-water at, con- 
tains bromine but no 
. iodine, 344 
Triphane, 588 

Triphosphate of soda with 
basic water, 683 
Triple alloy of antimony, 
potassium and sodium: 
726 

Trisacetate of copper, 1121 

lead, 1122 

Trisulphate of copper, 704 
Tris-sulphate of zinc, 67 1 

zirconia, 844 

Tritethionic acid, 1097 
Triticum hibemum, 1062 

repens ^ 1051 

Tritocarbohydrogen, 490 
Triumphant Chariot of Anti^ 
mony^ 18 

Trommsdorp on oxalic acid, 

— valerian, 1051 [ 1005 

— mucic acid, 897 

— lignum vit«, 1053 

— cascarilla, 1052 
Trona,586 

Trough, pneumatic, 323 

— voltaic, 265 
Troughton on expansion by 

heat, 125 

Troughton’s mural circle, 835 
Truncated angles and edges 
of crystals, 108 
Tube-retort for oxygen, 328 
Tubes for alkalimetry, 564 

— of plants, 873 
Tungstate of ammonia, 780 
baryta, 780 

iron, 780 

lime, 778, note^ 780 

magnesia, 780 

manganese, 780 

potassa, 780 

silver, 81 1 

soda, 780 

strontia, 780 

zinc, 780 

Tungstates, their general 
proiiertics, 780 
Tungsten, its bisulphuret,781 

chlorides, 781 

— deutoxide, 778 

native compounds, 

778 , note 

oxides, 778 

perchloride, 781 

preparation, 778 

phosphuret, 781 

sources, 778 

sp. gr., 778 

sulphurets, 781 

tersulphuret, 781 


Tungstic acid, 779 

action of the blow-pipe 

on, 781 

itssp. gp., 779 

Tupputi, on sulphate of ‘ 
nickel, 691 
Turf, 984 

Turkey-red calico, 934, note 
Turkeys’ fat, 1189 
Turmeric root, 942, 1049 
Turnips, 896, 922, 1050 
Turpentine, oil of, 967 
deprived of oxygen, re- 
sembles naphtha, 492 

inflamed by nitric acid, 

386 

Turpeth, mineral, 796 
Turnbr on albumen, 1141 

arsenic, 744, 745 

blood, 1149 

cadmium, 681 

etherine, 490 

iodide of tin, 677 

purpuric acid, II 7 I 

radiation, 190 

respiration, 1199, note 

triphosphate of soda 

with basic water, 583 

urine, 1168 

vanadium, 776, 778 

Tutenag, 695, note, 709 
Tuthill, Dr,, on potato- 
starch, 911 
Tutty, 668 

Tuyere, or tweer of a smelt- 
ing-furnace, 660 
Type-metal, 726 

Ur.MATB of potassa, 924 
Ulmic acid, 923 

crystallized, 924 

Ulmin, 923 

Ulmus campestriSy 1053 
Ultimate elements of animal 
bodies, 1131 

vegetables, 881 

vegetable bodies, table 

of, 891 
Umbers, 924 

Unguentum hydrargyriy 785 
Unity, hydrogen as, 220 
— oxygen as, 220 
Uniformity of composition of 
the atmosphere, 80 
Universal solvent, 1 
Unmetallic substances, 318 
Unverdorben on aniinal tar, 
1132 

on chromic acid, 768 

! oxide of manganeBe,635 

perfluoride of chromi- 
um, 773 

pinic acid, 978 

terfluoride of chromi- 
um, 773 

Upas tieutOy 1032 
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Utanlc acid, 733 
Uranite, 732 
Uranitic mica, 732 

ochre, 733 

Uranium, 732 
discovered by Kla- 
proth, 732 

its acetate, 1123 

ammonio-nitrate, 

734 

arscniate, 751 

benzoate, 976 

chloride with potas- 

sa,734 

chlorides, 733 

chromate, 772 

citrate, 1009 

compounds, action 

of the blow-pipe on, 735 

cyanuret, 735 

ferriferous oxide, 

732 

ferroeyanuret, 735 

molybdate, 763 

nitrate, 734 

oxalate, 1003 

oxides, 733 

peracetate, 734 

pcrcarbonatc, 735 

peroxide, 733 

hydrated, 733 

perphosphate, 734 

native, 734 

persalts, 7^ 

— persulphate, 734 

— — native, 734 

phosphun*t, 734 

potassa-chloride, 

734 

734 

protosalts, 735 

protosulphatc, 734 

protoxide, 733 

hydrated, 733 

salts, gener^ cha- 
racters of, 735 

sesquioxide, 733 

sources, 732 

sp. gr., 733 

Bubnitrate, 734 

sulphates, 734 

sulphuret, 734 

tartrate, 996 

Urate of ammonia, 1171 
calculi of, 1177 

— baryta, 1171 

— lime, 1171 

— magnesia, 1171 

— mercury, II 7 I 

— potassa, 1171 

— soda, 1171 

— Btrontia, II 7 I 

Urs on ambergris, 1190 

— arsenious acid, 758 

— boiling-points, 100 
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Uri on chloride of lime, 
694 

— chloride of caltmm, 593 

— congelation, 156 

— crystallization, 112, 120 

— detecting arsenic, 758 

— distilling sulphuric acid, 

429 

— expansion of solids by 

heat, 125 

— indigo, 946 

— light of candles and coal- 

gas, 499 

— oil, 1187 

of turpentine, 967 

— prussiate of potassa, 652 

— steam, 164 

— sugar, 904 

— sulphuric acid, 422, 427, 

429 

— tartrate of iron, 994 

— Turkey-red dyes, 935, n. 

— varieties of coal, 983 
Urs's eudiometer, 408 

— instrument for the analy- 

sis of bleaching-powder, 
594 

— process for obtaining io- 

dine, 340 

testing the strength of 

hydrocyanic acid, 500 

— table of muriatic acid, 366 

nitric acid, 385 

sulphuric acid, 428 

Urea, artificial, 500 

— (of urine) components of, 

1169 

— crystals of, 1109 
Urethan, 1102 
Uric acid, 1170 

in calculi, 1177 

Urinary calculi, 1168, 1175 

table of, 1176 

Urine, 1167 

— ammonio-phosphate of 

soda in, 683 

— composition of, 1167 

healthy, 1172 

in diseases, 1172 

— free acid in, 1168 

— human, 1167 

— red sand pf, 1175 

— solid extract in, 1174 

— sp, gr, of, 1167 

— sugar of, 1175 

— wliitc sand of, 1175 

— of animals, 1178 
benzoic acid in, 975, 

1179 , note 

— of the camel, 1179 

— cow, 976, 1179 , and note 

— elephant, 1179 

— byeena and panther, 1179 

— horse, 1179, note 

— rhinoceros, 1179 
Urobenzoic acid, 1179 


Vacuo, boiling in, 162 

cooling in, 196 

crysMllization in. Ill 

electric light in, 234 

— — ice procured in, 168 

Leyden jar discharged 

in, 243 

radiation ^of heat in, 

188 

Vacuum, light produced in 
by phosphuretted hy- 
drogen, 415 

Nature’s abhorrence of 

a, 400 

Torricellian, 400 

Valentine, Basil, 17 
Valerian, 1051 

extract of 1062 

Valeriana officinalis^ 1051 
Valerianic acid, 905, note 
Vanodiate of ammonia, 770 
Vanadiates, general cliarnc- 
ters of, 777 
Vanodiate of lead, 776 
Vanadic acid, 776, 777 
Vanadium, 775 

its bisulphuret, 778 

chlorides, 777 

deutoxide, 777 

— — name, derivation of, 

775 

oxides, 776 

-J pho8|)huret, 778 

preparation, 776 

— protoxide, 770 

source}, 775 

sulphurets, 778 

tersulphuret, 778 

Van Hklmont, 23 

his air-thermometer, 41 

his writings, 23 

Van Marum on the combu*'- 
tion of phosphorus, 415 
Van Troostwick, 483 
Vaporization, 168 

acceleration of, by 

heat, 167 

cold produced by, 167 

limits of, 412 

Vapour, aipieous, its consti- 
tution, 357 

caused by heat, 161 

cannot be produced 

without the absorption 
of heat, 169 

of alcohol, sp. gr. of, 

1072 

bromine, 345 

camphor, sp. gr. of, 968 

carbon, 474, 475, note 

— — ether, sp. gr. of, 1084 
— — - nitrous acid, 380 

sulphur, 419 

turpentine, sp. gr. 

967 

vesicular, 169 
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Vapours, 1^1 Vegetable emulsions, 951 

compounds of fluids and extract, 923 

heat, 166 • food, nutritive princi- 

— electricity of,* 264 pies of, 922 

— expansion of, by heat, j®lly> 

124, 132 oils, 951 

- lateat heat of, 165 osmazome, 1056, 1056 

under high pressures, phosphori, 201 

166 products, 869 

Variegated copper, 702 reds, 936 

Varnish, painters’, 964 salifiable bases, 1016 

printers’, 954 tar, 984 

Varnishes, 978, and note ib. volatile oils, 965 

V'arvicite, 633 yellows, 941 

Vauquklin, 76 and animal oils analo- 

on acetate of tin, 1119 gies of, 958 

blood, 1144 Vegetables, chemical physio- 

carbonate of copper, logy of, 869 

706 putrefactive changes of, 

chlorate of ammAiiia, 1129 

396 sap of, 49 

— : mercury, 791 their colouring-ri;atter8, 

chromium, 766 933 

cyanic acid, 500 their composition, 879 

daphniii, 1043 destructive distilla- 

ether, 1086 tion, 881 

glucina, 841 immediate princi- 

lithia^ 589 pies, 894 

nicotiana, 1038 relative proportions 

nicotina, 1038 of tannin, 925 

oxide of lead, 712 — — ultimate elements, 

sap of plants, 873, noie 878 

sulphate of strontia,# Vegetation purifies air, 66 

617 Vegcto-alkalis, 024 

sulphurct of antimony, alkaloids, 891 

724 ^ animal-matter, 915 

lead, 715 animal-principle in pol- 

palladium, 835 •• len, 918 

tartrate of strontia, 994 Veins of metals, 5^6 

yttria, 845 Velocity of light, 174 

Vegetable acids, 989 to 1014 sound, 174 

albumen, varieties of. Ventilation, 133, 196 

917 Venus, 696 

alkali, 539, 661 salt of, 704 

alkaloids, their prepa- Venous blood, 1145, 1196 

ration generally, 1015 Voratria, 1035 

astringents, how distin- muriate, 1036 

guished, 926 salts, 1036 

bodies, difticulty of sulphate, 1036 

analyzing, 880 Veratrum tUba, 1035, 1062 

ultimate elements Verd-antique, 604 

of, cannot be directly Verdic acid, 1014 
combined, 880 Verdigris, common, 1120 

organization ne- crystallized, 1119 

cessary to render them — — English, 1120 

nutritive, 880 French, 1120 

remarks on, 891 Verditter, 706, note 

694 Verdous acid, 1014 

' — table of, 891 Vermilion, 794 

blues, 942 Vertiginous magnetism, 310 

— butters, 961, 967 Vescicular vapour, 169 

*■“ colouring-matter, its Vessels for gases, 323 

attraction for eartlis Vicat on cements, 864 
and oxides, 933 Vinegar, 1109 

^ dyeing, adulterations of, 1111 

666 commercial, 1111 


Vinegar corrodes lead, 1121 

distilled, 1112 

strength of, 1112 

manufacture of, from 

pyroligneous acid, 1114 

mothcry, 1111 

radical, 1114 

sp. gr. of, nil 

strength of determined, 

1112 

wort fqr, 1111 

Vinous fermentation, 1062 
Violet light affects the colour 
of phosphorus, 439 
supposed magnetic ef- 
fects of, 185 

Violet vapour of iodine, 341. 
Vital air, 329 

Vitality, connexion of with 
electricity, 300 
Fitie vini/era, 1062 
Vitreous copper, 701 
Vitreous electricity, 223 

silver ore, 807 

Vitrifiable lute for retorts,438 
Vitriol blue, 703 

green, 421 

Roman, 703 

of the alchymists, 704 

oil of, 421 

its discovery, 19 

Vivian on carburet of copper, 
706 

the reduction of copper 

ores, 703 

VoGXL on the absorption of 
oxygen by charcoal, 462 

oxalates, 1002 

Voice affected by hydrogen, 
348 

Volatile alkali, 391 
oils, 965 

Volcano, sub-marine, electri- 
cal phenomena of, 263 
Volta, 93 

Volta’s couronne des iasses, 

eudiometer, 352 [266 

pile, 93, 264 

Voltaic action tested, 290 

apparatus, 93, 264 

battery, 264 

Babington’s, 266 

Children’s, 270 

Daniell’s, 293 

London Institution, 

269 

Pepys’s calorimeter, 

264 

Royal Institution, 

269 

Wollaston’s, 267 

— constant, 294 

discharge of, 296 

dissected, 293 

electro-polar state 

of, 268 
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Voltaic battery, light of its 
discharge, 206 

theory of, 289 

combinations, chemical 

properties of, 266 

electricity, 258 

chemical agencies of, 

93, 277 

—— — combustion of me- 
tals by, 270 

decomposes water, 

273 

diverges the electro- 
meter, 261 

experiments in by 

Davy, 93 

heat produced by, 

93, 206 

identity of with com- 
mon, 295 

intensity of, 265 

laws of, 264 

— — produces magnetism, 
308 

quantity of, 265 

sources of, 289 

electrometer, 286 

light, 192, 206 

induces chemical ac- 
tion, 360 

magnet, 313 

pile, 93, 264 

— improvements in, 
265 

plates, large, 270 

spark, 206 

trdugh, 292, 265 

— — theory of, 265 
Voltameter, Faraday’s, 286 
Volume of gases corrected 

for pressure, tempera- 
ture, &c., 404, note 
Volumes, their relation to 
weights, 217 
Vulpinite, 599 

Wackenrooer on coiydalia, 
Wad, 634 [1040 

Wagnerite, 625 
Walchner on paratartaric 
acid, 1065, Wite 
• Walker on artificial cold, 
155 

Walnuts, 1060 
Walnut oil, 954 
Wall, Dr., hints at the ana- 
logy between electricity 
and lightning, 246 
Wallquist on tartrates, 996 
Wash, 1065 
Wash-leather, 1183 
Washed ether, 1083 
Watchmakers’ oil, 956 
Water, 351 

— a bad conductor of elec- 

tricity, 355, note 


Water, a bad conductor of 
heat, 356 

— absorbs oxygen, 357 

— air in, 357 

— an imperfect electrolyte, 

355, note 

— assumed as the standard ' 

in sp. gravities, 356 • 

— bomb-shells burst by 

freezing, 356 

— capacity of for heat, 148 

— carbonic acid in, 357 

— consists of hydrogen and 

oxygen, 351 

— contains.air, 356 

— distilled, 355 

— elementary gases of, 275 

— gases absorbed by, table 

of, 358 

— hard and soft, 354 

— oxygenated, 358 

— perfectly pure, a very im- 

perfect conductor of 
electricity, 345, note 

— pipes, serviceable as light- 

ning-conductors,249,n. 

— produced by combustion 

of hydrogen, usually 
acid, 352, note 

— pure, how obtained, 356 
never presented by 

nature, 355 

— refracts light, 356 

— solution of carbonic acid 

in, 472 

— synthetic experiments, il- 

lustrating its composiff,^ 
tion, 351, 352 

~ weight of ascertained, 356 

— its absorption by chloride 

of calcium in organic 
analysis, 888 

action on glass, 864, n. 

metals, 526 

sulphuret of potas- 
sium, 555 

analysis and synthesis, 

351 

bad odour removed by 

charcoal, 461, note 

boiling-point, 159 

composition, 351 

Lavoisier on, 354 

— . — compressibility, 367 

congelation by cold, ^6 

contamination with 

lead, 711 

cryst^s, form of, 356 

decomposition by elec- 
tric shocks, 354 
by heat and electri- 
city, apparatus for, 354 

heated iron, 354 

^ voltaic electricity, 

351, 354 

distillation, 356 


Water, its ebullition, 357 

electrolysis, 274 

expansion by freezing, 

356 

impurities affect the 

results of its voltaic 
analysis, 355* 

luminosity upon com- 
pression, 357 

natural and artificial 

agencies, 358 

production by burning 

hydrogen, 361 

properties, 355 

sp. gr., 366 

assumed as unity, 

356 

at all temperatures 

, between 30° and 80°, 
1203 

in reference to air, 

356 

vapour, (steam,) sp. 

gr. of, 357 

weight in organic ana- 
lysis, how ascertained, 
884 

— of crystallization, 357 

— barometers, 401, note 

— gilding, 821 

— proof clothing, 491 

7 - spout, phenomena of, 
253 

Waters, hard, 598 

— mineral, analysis of, 1205 
tables df, 1211, 1212 

— of copper-mines, 704 

— of the boiling Geysors 

contain silica, 850 
Watson, on the velocity of 
electricity, 227 
Watt, G., on slow cooling, 
107 , note 

Watt, James, on the bulk of 
steam, 158 

— the steam-engine, 171 
Wavellite, 853 

Wax, 957 

— bleaching of, 957, "^te 

— action of nitric acid on, 

958, 

— lute, 958 

— myrtle, 957 

— white, 957 

— its slow conversion into 

oxalic acid, 958 ^ 

ultimate analysis, 958 

— tapers, green, their uses, 

329 

Wedgwood, on pyrometers, 
140 

jasper ware, 611 

Weight increased by com- 
bustion, 31 

of carbonic acid gas, 

471 . 
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Weights, atomic, how deter- 
mined, 220 

logometrig^cale of, 

21 » 

their relation to^ vo- 
lumes, 217 

and^easnres, table of, 

1201 
Weld, 04 
— yellow, 941 
^V elding by heat, 150, note 

of iron, 630 

plntinuin, 832 

Welter and Gay Lussac, on 
1 1 vposulphate of baryta, 
610 

the eiTore in alka- 
limetry, 565, note 
Weltiier, on bitter prj^ici- 
ple, 025 

W enzel on acetate of potassa, 

1117 

‘ 1 ; i tratc of magnesia, 

622 

sulphate of iron, 647 

lime, 500 

magnesia, 624 

zinc, 671 , 

Hiilphuret of lead, 715 

Whale-oil, 1187 ' 

Wheat, 022 

and other grains, com-* 

l).irativo nutrition of,^ 

. 015, mte, 022 

meal, starch, 908 

W HEATSTOXK, (A the vtdocity 
of electricity, 227 
W HEWKLL, on crystallization, 
120 

his clieiiiical abbrevia- 
tions, 322 
Whey, 1151, 1157 
Whortle-berry, 1057 
W ircrgauze extinguishes 
Haino, 208 

White arsenic, 744, see ar- 
sciiioiis acid 

— — a. Hux for glass, 865 
native, 746 

tests for, 746, 758 

— hriony, 1050 

— cast iron, 664 

— copper, 694 

— enamel, 675, 868 

— Hux, 561, 567 

-- granular limestone, 603 

— Indian fire, 754 
indigo, 946 

— lac, 040 

— load, 718 
metal, 727 

oxide of hismiith, 729 
^ permanent, CJl 

precipitate of mercury, 
701 

— rosin, 978 


White sympathetic ink, 730 

— wax, 967 

— wines, 1070 
WiEGLEB on Manhcim gold, 

709 

WiKLAND on sfHiiicial gems, 
868 

Williams, Dr., on phosphori, 

197 

W iLLiAAis, Major, his experi- 
ments oi: freezing w,ater 
356 

Wilson’s hvgronieter, 411 
Wine, 1066 

— alcohol ready formed in, 

1067 

— changes of, in bottles, 1 069 
the cask, 1069 

— colouring-matter of, 1070 

— oil of, 1092 

— heavy oil of, 1092 

— oil of (light), 1094 

— spirit of, 1070 
Wines, buu((uet of, 1069 

— colour of, 1070 

— deposit from, 1069 

— effervescent, 1069 

— proportion of alcohol in, ' 

1068 

— red, 1070 

— strength of increased in 

the cask, 1069, ?ioie 

— tartar in, 1066 

— white, 1070 
Winfem aromatica, 105.3 
Winter’s canella bark, 1053 
Withering, Dr., on carbo- 
nate? of baryta, 613 

WiT'rsTi.H K on mor|)liia,1016 
Woad, or mitia, 943 
Wood, C., jilatininn made 
known i»v, 821 
Wood, acul ofj 1113 

action of acids on, 919 

alkalies on, 919 

chlorine on, 919 

earthy and metallic 

salts on, 919 

ht«it on, 920 

— sulphuric acid 011 , 

919 

ash, 562 

bread made from, 929 

combustion of, 920 

consists of carbon and 

water, 921 

destructive distillation 

of, 920 

dry-rot of, 910 

Hour, 920 

paper made from, 920 

— source of charcoal, 460 
sp. gr, of, 136 

ultinuitc analysis of va- 
rieties of, 921 

its fibrous tcxtuix*, 919 
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Wood, its lignin, per cent., 
014 

sp. gr., 91» 

Woods, lOS.*) 

quantity of pyrolig- 

iieousacid from,l 1 1 3,n. 
Woodward reveals the secret 
of Prussian blue, 84 
Woody fibre, 918 
AV’^ohleu on arsenic, 746 

ahmiiiunn, 848 

artificial urea, 600 

— - chloride of aluminum, 
850 

gliicinmn, 841 

manganese, 631 

permanganic Acid, 636 

potassium, 537 

sulphocyanuivt of po- 
tassium, 569, note 

tungsten, 778 

yttriuin, 846 

and IjIehig on amygda- 
line, 971 

henzainide, 973 

I hi iizine, 9?4 

oxide of l>arium,606 

Wolfram, 776, note 
WoUramium, 778 
Wollaston on atiimic tlicorv, 
102 

cadmium, 680 

calculi, 1190 

chemical power of solar 

rays, 185 

cohimldmn, 762 

crystals, 115 

equivalents, 218 

expansion by heat, 125 

finite extent of the at- 

mosphen?, 412 

magnosiM, 620 

malleable platinum, 822 

oxalates, 1000 

palhidiimi, 833 

primitive forms, 120 

refracting pow er, 177 

rhodium, 836 

— — testing for magnesia, 
626 

titanium, 735 

W OLL aston’s cryojihorus, 1 69 

voltaic pile, 289 

Wollaston, llev. Mr., on 
boiling of water, 159 
Wootz, or Indian steel, 666, 
653 

Words, luminous electrical, 
237 

Wormw'ood, 1064 

salt of, 561, 1055 

Wort, 1063 
— sp. gr. of, 1064 
WouLFB, anecdotes regard- 
ing, 1C 

on aurum musivum,678 

4 : 1 ? 
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Woulfb’s apparatus for mu- 
riatic acki, 8G3 
Writing-fluid, probable com- 
position of, 929 

ink, basis of, 929 

recipe for making, 929, 

note 

— prevention of its mould- 
iness, 929, imte 

Wrougbt-iron, 664 

Xanthogciie, 509 
Yeast, 917 

— use of in fomientation, 

1063 

Yellow bark, 1052 

bitter prmciple, 925 

copper ore, 702 

dyes, 941 

light bomogencoiis, 206 

ore, 742 

quartz, 055, note 

sulj)hurct of arsenic , 754 

Young, Dr., on light, 173 

on the blood, 1 136 

Yttria, 846 

ammonio-carbonate, 

846 

carbonate, 846 

nitrate, 846 

phosphate, 845, 846 

properties, 846 

salts, general cha- 
racters of, 846 

sp. gr., 846 

sulpliate, 846 

with potassa, 846 I 

Yttrium, 845 

its chloride, 846 

fluoride, 845, 846 | 

oxide, 846 

preparation, 845 

sources, 845 

Yttrocerite, 740, 845 
Yttrotantalite, 781, 845 

Zaboaua on oxide of mer- 
cury, 7 O 6 
Zaffre, 684 

Zamboni his dry pile, 261 
Zanthoxylum caribaum, 1053 
Zea maiSf 1062 
Zeise on etherized salts, 
1078 , note 

hydroxanthic acid, 509 

mercaptura, 1109 

Zenneck on alizarine, 936 

gluten, 918 

Zig-zag progress of light* 
ning, 252 


Zimoma, 916 
Zinc, 668 

— amalgamated for voltaic 

action, 290, note 

— butter of, 669 

— flowers of, 668 

— its acetate, 1118 
alloys, 673 

alloy with gold, 819 

iron, 673 

potassium, 673 

sodium, 673 

tin, 679 

amalgam, 798 

ammonio-sulphate, 

671 

arscuiate, 750 

benzoate, 976 

biphosphate, 672 

borate, 673 

bromide, 670 

j carbonate, 672 

native, 672 

chlorate, 670 

chlorides, 669 

chromate, 771 

citrate, 1008 

combustibility, 668 

crystalline texture,668 

~ — cyanuret, 673 
* — ferrocyanuret, 673 

— fluoride, 670 1 

— fulminate, 798 

— hypophosphite, 672 

— hyposulphate, 6^1 

— hyposulphite, 670 

— iodate, 670 

— iodide, 670 

— lactate, 1129 

— molybdate, 762 

— muriate, 669 

— nitrate, 670 

— ores, reduction of, 672 

— oxalate, 1002 

— oxidation by air, 668 

— oxides, 668 

— permanent elongation 
by heat, 125 

— phosphate, 672 

— phosphite, 672 

— phosphuret, 672 

— presence tested, 673 

— properties, 668 

— protoxide, 668 
hydrated, 669 

— salts acted on by the 
blow-pipe, 673 

their general cha- 
racters, 673 

its silicate, 860 

— silico-fluoride, 858 


Zinc, its sources and prepa- 
ration, 667 

668 

subarseiiiatc, 750 

suboxide, 668 

subphosphatp, 672 

succinate, 981 

sulphate, 671 

anhydrous, 671 

crystallized, 671 

native, 672 

with ammonia, 6*71 

potassa, 671 

sulphite, 671 

sulphuret, 670 

native, 67 O 

sulphuretted sulphite, 

670 

—I— tartrate, 995 

tungstate, 780 

tris-sulphate, 671 

uses, 668 

— and copper for voltaic or 
galvanic combinations, 
264 

Zincocyanuret of potassium, 
673 

Zircon, 861 

or jargon, 843 

Zirconia, 861 

its ammonio-sulphato, 

844 

— carbonate, 845 

disulphatc, 844 

hydrate, 843 

inAallic base, 842 

nitrate, 844 

phosphate, 845 

— ^ potassa-sulphate, 

844 

preparation, 843 

properties, 843 

salts, general cha- 
racters of, 845 

silicate, 843 

sources, 842, 843 

sp. gr., 843 

sulphate, 843, 844 

trisulpliate, 844 

Zirconium, 842 

its chloride, 844 

fluoride, 844 

hydrated chloride, 

844 

oxide, 842 

pota8so-fluorido,844 

sources and proper- 
ties, 842 

sulphuret, 844 

Zoophytes. 1192 
Zumic acid, U28 
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Berthoud 

Berzelius 

Besnier 


QUOTED IN THIS VOLUME. 


Bingley 

Chaptal 

Biot 

Charlard 

Bird 

Charles 

Bizio 

Chaudet 

Black 

Cheiujvix 

Blagdcn, Sir C. 

Chcvallier 

Blancliet 

Clievillot 

Blondcau 

Clievreul 

Boerhaave 

Chiblren 

Bollacrt 

Christie 

Bonastre 

Cliriatison 

Bondt 

Clark 

•Bonsdorff 

Clarke 

Borda 

Claubry 

Bostock 

Clayton 

Boudet 

Clement 

Bouillon la Grange 

Clift 

Boulduc 

Clouet 

Boullay 

Coindet 

Bouriion 

Coisier 

Boussingault 

Coleman 

Boyle, Hon. Robert 

Colin 

; BriUltneamp 

Colladon 

Braconnot 

Condorcet 

Bradley 

Configliachi 

Br^nde 

Cooper 

Brandos 

Coriol 

Brandt 

Couerbe 

Brayley 

Coulomb 

Brett 

Courtois 

Brewster, Sir D. 

Crawford 

Brodie, Sir B. 

Crell 

Brogniart 

Crichton 

Brooke 

Crollius 

Brossat 

Croune 

Broussonnet 

Cruickshank 

Brownrigg 

Crum 

Bruce 

Cullen 

Brugnatelli 

Ciimming 

Brunei 

Cuthbertsoii 

Brunner 

Dabit 

Bryant 

Dalibard 

Bucholz 

Dalton 

Buff 

Dana 

Biissy 

Dnniell 

Cadet 

Darcet 

Cagiiiard de la Tour 

Daubeiiy 

Oannobio 

Davy, E. 

Canton 

Davy, Sir H. 

1 Carlisle 

Davy, J, 

Carrick 

De Barros 

Cartier 

Dehne 

Casascca 

Deiman 

Casc;ariolo 

De la Hire 

Cassola 

• De la Rive 

Cavallo 

De la Roche 

Cavendish 

Delaval 

Caventou 

Delhiiyart 

Celsius 

De Lisle 

Chamberlain 

Delondre 


Delor 

De Luc 

De Mairau 

Derosne 

De Royer 

Descartes 

Doscotlls 

]3esfosses 

Desmand 

Desormes 

Despretz 

Dcssaignes 

Deyeux 

Diesliacli 

Di^y, Sir K. 

Ddbereiner 

I^onovaii 

Dorffurt 

Drapier 

Drebbel 

Driimmi.ind 

Dublauc 

Dubois 

Du Chesne 

Du Clos 

Du Faye 

Dn Hamel 

Dulong 

Dumas 

Dumcnil 

Duncan 

Dupuy 

Dupuytren 

Dussaiisay 

Dzondi 

Edwards 

Eggertz 

ICinliofF 

Ekebcrg 

Elias, the artist 

Ellicot 

EndcTby 

Euglefield, Sir II. 

Erckeni 

Ermaii 

Essling 

Ettling 

Euler 

Evelyn 

Fabbroni 

Fahrenheit 

Faraday 

Feneulle 

Ficinus 

Finihaber 

Fischer 

Fizes 

Flammel 

Focstermann 

Folclier 
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Folkes 

Fontanicu 

Forbes 

Forchammer 

Fourcroy 

Fowler 

Fox 

Franklin, Dr. 

Franklin, Sir J. 

Frauenbofer 

Freiny 

Fresnel 

Frobeniiis 

Frominherz 

Fuchs 

Fulliame, Mrs. 

Fyfe 

Gadolin 

Gahn 

Galileo 

Galvan i 

Garnet 

Garot 

Garnerin 

Gassendi 

Gautier 

Gay Lussac 

Geber 

Gelilon 

Gei;^er 

Gtdlcrt 

Gen^embrc 

Geolfroy 

George 

Gerard 

GersdorlT 

Giese 

Gilpin 

Giinbernat 

Glaser 

Glauber 

Gmelin 

Gdbel 

Gomes 

Gordon 

Gorham 

Graham 

Granville 

Gregor 

Gregory 

Greii 

Grey 

Griffiths 

Groening 

Gros 

Grotthuss 

Grouvelle 

Guericke 

Gudrin-Varry 

Gugert 

Guibourt 

Haase 

Hachette 

Hapen 

Haidinger 

Hales 


Hall 

Hall, SirJ. 

ITallam 

Halley 

Hallstroni 

1 1 anckwitz 

Ilansteon 

Hare 

Harris 

Hart 

Ilasscnfratz 

Hatchett 

Haiiy 

Heinrich 

Ilellot 

Helvctius 

Hemming 

Henderson 

Henley 

Hennell 

Henri 

Henry, Dr. 

Henry, O. 

Ilorapath 

Herbert 

Hermbstadt 

Hernu's 

Herseliel, Sir J. F. 

llersehel. Sir W. 

Hesse 

Heyer 

Hibbcrt 

Hielm 

llierne 

Hieronyini 

Higgins 

Hill 

IIising(?r 

H oft Ilian 

Holland us 

Homberg 

Home, Cajit. 

Home, Sir E. 

Hooke 

Hop<i 

Ilornenian 

Howard, lion, E. 

Huber 

Huhne 

Humboldt 

lluiiK* 

Hunt 
Hunter 
Huygens 
! Tlisch 
llscmann 
Ingenhousz 
Irving 
Ittner 
Ives 
Jeffries 
John 
Johnson 
Johnston 
Julien 
Julin 


Juch 

Juncker 

Kane 

Karsten 

Kater 

Kcates 

Keir 

Kendall 

Kidd 

Kind 

Kirchoff 

Kirk 

Kirkringius 
Kirwan 
Klaproth 
Knight 
Koestner 
Kraft 
Kuhhnann 
Kunekel 
Kuiiseniiiller 
I Labarraqiie 
! Labillardiere 
j LagiTliielin 
. Lagrange 
I Laiande 
; Lainbe 
I Lainpadius 
Laiidgreb(; 
Lane 
. Laplace 
i Lnrdner 
Lassaigne 
Laugier 
Lanraguais 
‘ Laurent 
; Lavoisier 
; Lawerenburg 
j Le llrun 
; Lecanu 
: Le J'^evre 
Lehman 
Lemery 
Leroyer 
Leslie, Sir J. 
Levy 

; Lewenau 

• Lewis 

• Libavius 
I Liebig 

j Liinbourg 
: Link 
! Little 
! Lowe 
! Lowig 
! Lowitz 
Lucas 
Lucrcitius 
Luiscius 
Lully 
Lunn 
Luyart 
Macaire 
Macardieii 
Macbride 
Mac Ciillocli 


Macintosh 

Mrcnab 

Macii jer 

Magnus 

Majeiidie 

Malaguti 

Mains 

Maiigetus 

Marcet 

Marcet, F. 

Margraatf 

Mariano de Riven 

Mariotte 

Martino 

Martins 

Marx 

Maugham , 
Maunoir 
‘ Mans 
Mayer 
Mayow 
Meggenhofeii 
Mein 
Meisner 
Meiizi(5S 
Melloni 
Methuon 
Meyer 
M ichaelis 
Mitseherlich 
i Mohs 
Monge 
Moiiheim * 
Monro 
Montizq^i 
Moore 
Monitti 
Morieliini 
Morin 
Momay 
Morson 
Morveau 
Mosander 
Moser 
Muller 
Murray 

MusehenbroeeU 
Mushet 
Musitaniis 
Nairne 
Nani 
Navier 
Neilson 
i New'man 
Newton, Sir J. 
Nicholson 
Nimino 
Nitzch 
Nobili 
Noliet 
Norton 
Oberkampf 
Odcir 
Oersted 
Oppernionii 
Orftla 
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Osann 

Ostcrmeyer 

Oudry 

Packc 

Pacts 

Pagensteclier 
Palmer 
Pallas 
Pallotta 
pMpiu 
Paracelsus 
^ • Paris 
" 'ParliPS 
Parry 
Paschal 
Paul 
Paw 
Paypii 
J’aykul 
Payssd 
Pearsall 
Pt'arson 
Peelet 
IVhgot 
rellutuT 
Polou/0 
Pep)s 
Perkins 
Petit 
Pctro7 
Petteiikofor 
Pettigrew 
PM* 

Philip 

Phillips, R. 

Phillips, W. 

Pictet 

Pljinche 

Pleisclil 

Plissoii 

PoggeiulorfF 

Porret 

Poutet 

Prevost 

Price 

Priestley, 

Priiigl(;‘ Sir J. 

Proust 

Prout 

Quercitamis 

Raspail 

Reaumur 

Reicheiibach 

Rein 

Rennie 

Rcuss 

Rey 


Richer 

Richman 

Richter 

Ricss 

Riffault 

Ripley 

Ritchie 

Ritter 

Robertson 

Robinson 

Robiqiiet 

Robison 

Roebuck 

Roenier 

Roget 

Romas 

Rose 

Rotlioff 

•Rousseau 

Roy 

Rubin de Celis 

l^udberg 

Ruhland 

Runiford 

Runge 

Rupecissa 

Rutherford 

Salmon 

Santerio 

Saunders 

Saussure 

SeJiger 

Seheelo 

Schmeissor 

Scherer 

Schduberg 

Schrader 

Schroder 

Schurer 

Schwartz 

Schweigger 

ScoK'sby 

Scudamore 

Seftstrdm 

Seguin 

Sell 

Sementini 
Sertuemer 
I Scrullas 
I Shaughnessy 
i Shuckburgh 
I Sillimaii 
Silveira 
Simes 
Singer 
Six 

Skrimshire 


Smeaton 

Smith 

Smithson 

Somerville, Mrs. 

Soubeiraii 

South, Sir J. 

Southern 

Squire 

Stlulion 

Stahl 

Stark 

Stelnmann 

Stevens 

Stodart 

Stokes 

Stolko 

Stromeyer 

Struve 

Sturgeon 

Sturm 

Sylvester 

Taddci 

Taillefert 

Tassaert 

Taylor 

Teiehmeyer 

Temiant 

Thayer 

Thenard 

Thevart 

Thilourier 

Thomson 

Tiedemann 

Tillard 

Tillaye 

Tilley 

Topping 

Torreri 

Torricelli 

Tralles 

Traill 

Trommsdorff 

Troostwyk 

Troughton 

Turner 

Tupputi 

Tuthill 

Unverdorben 

Ure 

Valentine 
Valerius Cordus 
Van Helmont 
Van Marum 
Van Mons 
Van Stiptrian 
Vanuxen 


Vaudin 

Vauqueliii 

Venables 

Veuel 

Vicat 

Vivian 

Vogel 

Volta 

Voysey 

Wackeiiroder 

Wagner 

Waitz 

Walchner 

Wall 

Walker 

Wallcrius 

Wallis 

Wallquist 

Walsh 

Ward 

Warrington 
Watkins 
Watson 
Watt 
Watt, J. 
Wedgwood 
Wells 
Welther 
Wenzel 
Westring 
Westrun»b 
Wheatstone 
Wheeler 
Whewell 
Wiegleb 
Wieland 
Williams 
Williams, Major 
Wilson 
Withering 
Wittstock 
Wohler 
! Wollaston 
Wollaston, Rev. 
Wood 
Woodward 
Woulfe 
Wynn 
Yeats 
Yelloly 
Young 
Zaboada 
Zagoni 
Zamboni 
j Zeise 
1 Zeiineck 




ERRATA, CORRIGENDA, AND INSERTIONS, IN THE INDEX. 


TAOK 

'^15, col, 3. Hue 46. insert Album Grmcnm, 1193. 

— 1. - 38. for 1199. mrfll94. 

- 2. - 11. >1194, m/^1195. 

1230,— 2, — lluoNATEMirs, refl/i Haoo- 

N^TKLLI’S 

1239, — 3, — If for Carbonic acid gas, fermen- 
tation, read Carbonic acid giis, 
its eYul#Uuu (iiu'ing fermenti- 
tion. 

123„, — 9, • - 44, for I)e Marian, read Do Mairati 

l936, — 9, — 96, Cliitou, 119*1, read Chitin, 

* 1195, no/e. 

1938, — I, •— 65, far 1193, read 1195. 

1, — 66. for 1195, m/'ni96. 

,, — 2, — l.Yor 1195, rca <1196. 

„ — 2, — 9. for 1194, rend 1195. 

„ —3, — .54, >r 1195, mW 1196. 

1245, 3, — 33, insert Cupra, 593. 

1947f — 3, — 30, insert Delphinic acid, 1188. 
1248. - 3. - 11, for 1193, read 1194. 

1251, — 2, — 30, for ani(m.s, read anions. 

1254, — 2, - 66. >r 1194. nad 1195. 


PAOK 

1255, after Fat, uses of, 1186, rend as follows 
Fut, varieties of, viz. 
bird’s, 1189. 
bone, 1199. 
duck’s, 1189. 
goat's. 1189. 
goosi!, 1189, 
nog’s. 118.5. 
human, 1^85. 
insecis’, 1189. 
mutton, 1186. 
ox, 1185. 
turkey’s, 1189. 

1258, cul. 1, line 64, fir 1164, 1194, read 1164, 1195. 

1259, — .3, — .34, m.V6T< Gold. 814. 

1269, — 3. — 9, insert Iron, its sulpbocyanate. 

1275, — 1, — 45, drde Man, 631 [1198. 

lt!81, — 1, — 38, insert Negro skin, 191, 

— 1. — 61, dele Nic, 689. 

1288, — 1. — 29, insert Phosphorous acid, 441. 

1293, — 2, — 32, insert Qiiadriiiie.ls, bones of, 

1296, — 3, - 56. firr 1294. read 1296. [1193. 
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